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ABSTRACT

DEVELOPMENT OF A THREE-TIER TEST TO ASSESS NINTH GRADE
STUDENTS” MISCONCEPTIONS ABOUT SIMPLE ELECTRIC CIRCUITS

Pesman, Haki
M.S., Department of Secondary Science and Mathematics Education

Supervisor: Assist. Prof. Dr. Ali ERYILMAZ

September 2005, 171 pages

The main purpose of this study was to develop a three-tier test for
assessing ninth-grade students’ misconceptions about simple electric
circuits. The first tier of an item on the test presents an ordinary multiple
choice question, the second tier presents a set of reasons for the response
given to the first tier, and the third tier questions if examinees are confident
for their responses to the first two tiers. The study was carried in Polatls,
the biggest outlying district of capital Ankara. In the light of the related
literature, interviews were conducted by the researcher so as to collect
information about students’ understanding of simple electric circuits.
Thereby, a list of misconceptions was acquired and it was used for
developing an open-ended questionnaire. Next, the questionnaire was
examined by two physics teachers and an instructor from METU for
establishing content validity. The questionnaire was administered to 99

ninth-grade students and their responses were categorized in the purpose
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of determining the distracters of the three-tier test; the Simple Electric
Circuit Diagnostic Test (SECDT). At last, the SECDT was developed and
administered to 124 ninth-grade students. The validity of the SECDT was
established by means of quantitative methods in addition to the qualitative
methods. A positive correlation coefficient was estimated between student
scores and confidence levels, that is, successful students on the SECDT
were more confident for their responses than unsuccessful students. This
result means that the SECDT works properly, for example, students
generally understood the items and found their reasoning among the
distracters. Also, what items measure was investigated by means of factor
analysis, and three reasonable factors were obtained. Furthermore,
proportions of false positives and negatives were estimated and found as
17.47 % and 10.82 %, respectively. As well as, Cronbach alpha reliability
coefficient of student scores was estimated as 0.69, but the reliability
coefficient of student misconception scores was estimated as 0.33.
Consequently, the SECDT scores are valid and reliable measure of
students’ qualitative understanding of simple electric circuits; however,

misconception scores may not be reliable.

Keywords: Physics education, science education, misconceptions, simple

electric circuits, diagnostic test, misconception test, three-tier test



0Oz

DOKUZUNCU SINIF OGRENCILERININ BASIT ELEKTRIK DEVRELERI
ILE ILGILI KAVRAM YANILGILARINI OLCMEK AMACIYLA UC
BASAMAKLI BIR TESTIN GELISTIRILMESI

Pesman, Haki
Yiiksek Lisans, Ortadgretim Fen ve Matematik Alanlar1 Egitimi Boliimii

Tez Yoneticisi: Yrd. Dog. Dr. Ali ERYILMAZ

Eyliil 2005, 171 sayfa

Bu ¢alismanin asil amaci dokuzuncu sinuf 6grencilerinin basit elektrik
devreleri hakkindaki kavram yanilgilarii 6lgmek igin ii¢ basamakl bir test
gelistirmekti. Testteki bir sorunun birinci basamag1 siradan bir ¢oktan
secmeli soru sunar, ikinci basamak birinci basamaga verilen cevap igin bir
grup neden sunar, ve {iciincii basamak Ogrencilerin ilk iki basamaga
verdikleri cevaplar igin emin olup olmadiklarini sorgular. Calisma bagkent
Ankara'nin en biiyiik dis ilgesi olan Polatl’da yapildi. Ilgili literatiiriin
1s181inda, Ogrencilerin basit elektrik devrelerini kavrayislari hakkinda bilgi
toplamak amaciyla arastirmaci miilakatlar gergeklestirdi. Boylece, bir
kavram yanilgilar: listesi elde edildi ve agik uglu bir sinav gelistirmek igin
kullanildi. Sonra, smav iki fizik gretmeni ve ODTU’den bir 6gretim {iyesi
tarafindan kapsam gecerligini saglamak icin incelendi. Sinav dokuzuncu
smif 99 6grenciye uygulandi ve onlarin cevaplar {i¢c basamakli test olan

Basit Elektrik Devreleri Tan1 Testi'nin (BEDTT) secgeneklerini belirlemek
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amaciyla kategorilere ayrildi. Sonunda, BEDTT gelistirildi ve dokuzuncu
smif 124 Ogrenciye uygulandi. BEDTT'nin = gecerligi nitel yontemlerin
yaninda nicel yontemlerle saglandi. Ogrenci puanlari ve 6zgiiven seviyeleri
arasinda pozitif bir korelasyon hesaplandi. Yani, BEDTT'deki basarili
ogrenciler verdikleri cevaplar i¢in kendilerine basarisiz 6grencilerden daha
¢ok gilivenmislerdi. Bu sonu¢ BEDTT'nin dogru diizgiin ¢alistig1 anlamina
gelir. Mesela, Ogrenciler genelde sorulari anlamis ve gerekgelerini
secenekler arasinda bulmusglardir. Faktor Analizi araciligiyla sorularin ne
Olctiikleri de aragtirildi ve ti¢ mantikli faktor elde edildi. Bunlara ek olarak,
yanlis sebepli dogrularin ve dogru sebepli yanlislarin oranlar1 hesapland:
ve sirasiyla % 17,47 ve %10,82 olarak bulundu. Bunlara ilaveten, 6grenci
skorlarmin giivenirlik katsayis1 0.69 olarak hesaplandi, fakat Ogrenci
kavram yanilgilar1 skorlariin giivenirlik katsayis1 0.33 olarak hesaplandi.
Sonug olarak, BEDTT skorlar1 6grencilerin basit elektrik devrelerini nitel
anlamalariin gegerli ve giivenilir bir ol¢iitiidiir, fakat kavram yarnilgilar:

skorlar1 glivenilir olmayabilir.

Anahtar Kelimeler: Fizik egitimi, fen egitimi, kavram yanilgilari, basit

elektrik devreleri, tani testi, kavram yanilgis: testi, ti¢-basamakl test
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CHAPTER 1

INTRODUCTION

There is extensive literature on the fact that students come to their
classes with an enormous variety of preconceptions most of which are
acquired from their life experiences (Driver, 1989; Halloun & Hestenes,
1985, Hammer, 1996; Tytler, 2002). Nevertheless, plenty of preconceptions
do not match with scientific conceptions and such preconceptions are
mostly named misconceptions. Halloun and Hestenes (1985), and
McDermott (1991) emphasized that physics instruction cannot help
students understand the scientific conceptions without taking
misconceptions into account because misconceptions mostly can prevent
students from accepting the scientific conceptions. In other words,
misconceptions are very resistive to conventional instruction; therefore,
careful research on assessing misconceptions is necessary for overcoming
them throughout the instruction.

Researchers have managed hard to develop diagnostic tools for
measuring students’ understanding of conceptions for a long time. The
most common used diagnostic tools can be listed as interviews and
multiple choice tests. Each tool is selected for some advantages. Interviews
have the advantage over multiple choice tests in terms of flexibility and
depth of the investigation (Beichner, 1994; Osborne & Gilbert, 1980).

However, interviews can be conducted with a limited number of students



for generalization and they consume plenty of time. On the other hand,
multiple-choice tests can be administered to a large number of students for
generalization and easily be analyzed although they cannot investigate the
student responses deeply. So, Beichner (1994) reported that the ideal course
of action is to use both of these diagnostic tools in the multiple choice test
development process for minimizing the disadvantages of each tool. In fact,
before Beichner (1994) emphasized, interviews had already been conducted
in the process of developing a multiple choice test. For example, in the
design of Mechanics Diagnostic Test, which was reported by Halloun and
Hestenes (1985), interviews had been conducted for the validity and
reliability concerns. Another type of diagnostic tool is the two-tier test
which was first developed by Treagust (1988, cited in Tan, Goh, Chia, &
Treagust, 2002). In a two-tier test, the first tier presents a multiple choice
content question and the second tier presents a set of reasons for the given
answer in the first tier. Also in the design of this type of diagnostic tool,
interviews are conducted to form a list of misconceptions, which are used
as distracters in the second tier. On account of the fact that very special
attention was paid to find any study reporting a two-tier test about physics
topics in the related literature, it is needed to emphasize that there are few
two-tier tests concerning physics topics.

Nonetheless, Griffard and Wandersee (2001) claimed some negative
aspects of two-tier tests. They used a two-tier test that had been developed
by Haslam and Treagust (1987, cited in Griffard & Wandersee, 2001) in
their study and criticized it. They claimed that the instrument items
actually diagnose isolated errors in a conceptual framework rather than
robust naive theories because the test items were based on scientifically
correct propositions from the concept map which had been used in the
design of the test, that is, the participants were not allowed to give their

reasons in the test. The researchers also emphasized that the test results



overestimate the percentage of misconceptions because gap in knowledge
(lack of knowledge) cannot be discriminated from misconceptions.

Because of the some mentioned concerns, Eryilmaz and Siirmeli (2002)
developed a three-tier test to assess students” misconceptions concerning
heat and temperature. As a result of the study, it can be absolutely said that
three-tier tests have the advantage over the two-tier tests in term of
discriminating students” lack of knowledge from their misconceptions by
means of the third tier items which assess how confident the students are
about their responses for the first and second tiers.

Consequently, the main purpose of this study was to develop a three-
tier test for assessing ninth grade students” misconceptions about simple
electric circuits. The second purpose was to assess ninth grade students’
misconceptions about simple electric circuits. The third purpose was to
explore which dimensions of simple electric circuits were assessed. The
forth purpose was to compare the proportions of misconceptions according
to only the first tiers, the first two tiers, and all three tiers, respectively. The
last purpose of the study was to compare the proportions of correct
answers for each item (difficulty levels) according to only the first tiers, first

two tiers, and all three tiers, respectively.

1.1 Research Questions

There are several research questions which were investigated in the

purposes of this study. They can be classified as the main problem and sub-

problems.



1.1.1  The Main problem of the study

The main problem investigated in this study was if the simple electric
circuit diagnostic test (SECDT) is a valid and reliable test for assessing

ninth grade students” misconceptions about simple electric circuits.

1.1.2  The sub-problems of the study

The other research questions investigated in the study can be listed as
below:

1. What are the misconceptions which ninth grade students hold about
simple electric circuits?

2. Are there any unknown misconceptions in the student population?

3. What are the proportions of lack of knowledge for each item and in
average?

4. What are the proportions of false positives and false negatives?

5. How does the proportion of the students having a misconception
change when only the first tiers, the first two tiers, and all three tiers are
respectively taken into account?

6. How does the proportion of students giving correct answers change
when only the first tiers, the first two tiers, and all three tiers are
respectively taken into account?

7. Will related items on the SECDT yield any acceptable factors as a result
of factor analysis?

8. Will related misconceptions students hold yield any acceptable factors

as a result of factor analysis?



1.2 Definition of Important Terms

Some of the important definitions of the terms in this study can be
presented as below:
Concept: “an abstract or general idea inferred or derived from specific
instances” (Online Dictionary [OD], 2005).
Conception: Several definitions are presented by the OD (2005), and the
following definitions are the most appropriate ones.
1. the creation of something in the mind, and
2. the power or faculty of apprehending of forming an idea in the mind;
the power of recalling a past sensation or perception
Misconception: It is defined as an incorrect conception or a wrong
understanding by the OD (2005). Besides, Hammer (1996) listed some
characteristics of misconceptions as follow:
1. Misconceptions are strongly held,
2. They differ from expert conceptions,
3. They affect in a fundamental sense how students understand natural
phenomena and scientific explanations, and

4. They must be overcome for students to achieve expert understanding.

Diagnostic tests: Diagnostic tests are used for assessing persistent or
recurring learning difficulties, such as misconceptions (Gronlund & Linn,
1990).

False negatives: False negatives can be defined as the incorrect answers that

are given by students who have the correct, scientific conception for

answering the question (Hestenes, Wells & Swackhamer, 1992).

False positives: False positives can be defined as the correct answers that
are given by students who do not have the correct, scientific conception

(Hestenes et al., 1992).



1.3 Significance of the Study

There are several reasons for explaining the significance of the study.
First of all, it is very important to assess student conceptions of electric
circuits so that an instructor can help his/her students grasp the scientific
conceptions properly. It is not difficult to encounter some suggestions for
an effective instruction to overcome the student misconceptions. However,
assessing student conceptions by means of a diagnostic tool is inevitable to
succeed in overcoming the misconceptions. That is, valid and reliable
diagnostic tools are necessary to assess student misconceptions properly.

Moreover, using a three-tier test is more convenient than other types of
diagnostic tools based on the great amount of discussion in the literature
about use of each diagnostic tool. In other words, interviews are good at
probing student answers to a given question; however, it is very difficult
and time consuming to conduct interviews with a large number of
students. In order to eliminate this disadvantage, multiple choice tests have
been used for diagnostic purposes. However, multiple choice tests cannot
assess student answers deeply in spite of much superiority (Beichner,
1994). Two-tier tests have been assumed to be a great improvement in
diagnostic assessment because they have the ability not only to administer
to a large number of students but also to probe the student answers.
However, there is some important criticism about this type of diagnostic
tools, too. Eryilmaz and Siirmeli (2002), and Griffard and Wandersee (2001)
criticized two-tier tests with overestimating the fraction of misconceptions
students hold. That is, an incorrect answer for both tiers may be due to
either a misconception or a lack of knowledge. However, three-tier tests
have the ability to distinguish misconceptions from lack of knowledge by
means of third tiers which asking students if they are confident about their

answers for the first two tiers.



This study also will contribute to filling a gap in the literature. On
account of the fact that very special attention was paid to find any study
reporting a three-tier test on physics topics in the related literature, there
were very limited number of three-tier tests. In other words, deficiency of
three-tier tests on physics topics makes this type of studies necessary due to

the superiorities of three-tier tests.



CHAPTER 2

REVIEW OF THE LITERATURE

In this chapter, findings from the related literature review are presented
in four sections, respectively including methods for diagnostic evaluation,
misconceptions about simple electric circuits, the force concept inventory,

and the summary of the literature review.

2.1 Methods for Diagnostic Evaluation

In this part of the study, some diagnostic evaluation methods such as
interviews, multiple choice tests, two-tier tests and three-tier tests are

presented in four sub-sections.

2.1.1 Interviews

Osborne and Gilbert (1980) reported a technique to explore students’
views of the world. The technique is a kind of interview; the interview-
about-instances. In this kind of interview, the investigator presents some
cards on which familiar situations are depicted for the interviewee. The
cards may or may not include instances of a concept, and the students are
asked to think about if there is an instance of concept on the card, thereby

eliciting the student conceptions. The researchers also presented scope and



limitations of the interview-about-instances. Advantages can be listed as:

1. Itis applicable over a wide range of age

2. Itis enjoyable for interviewer and interviewee

3. It has advantages over written answers in terms of flexibility and depth
of the investigation

4. C(lassifying instances is more pertinent and penetrating than asking for

a definition
5. Itis concerned with the student’s view rather than merely examining if

the students has the correct scientific view.

And some limitations can be listed as:

1. There is the problem of choosing a limited but adequate set of
instances.

2. The order of instances may influence student responses

3. Interviews, and the transcribing and analysis of transcripts, are time
consuming

4. There are the difficulties associated with interviews and the analysis of
the interview data, e.g. difficult to report succinctly.

Fredette and Lochhead (1980) conducted clinical interviews with 24
engineering students enrolled in introductory physics courses to
understand their conceptual difficulties on electric circuits. They
interviewed with each student individually and recorded all the responses
on a video tape. In the interviews, they gave three wires, an unmounted 2-
V bulb and a standard flashlight battery to the interviewee, and then asked
for lighting up the bulb. After completing the interviews, they noticed two
common incorrect wiring plans. Next, the researchers used these two
mistakes as a basis for a written short quiz, which they administered to 57
freshman level engineering students. In the analysis of the results from the
questionnaire, the researchers focused on a prevalent misconception,

electric sink.



Fredette and Clement (1981) started their work concentrating on three
clinical interviews they had conducted before. All the students they had
interviewed were experienced in the topic of electricity. The researchers
noticed the short circuit misconception in the interviews. Afterwards, they
followed three steps to probe their investigation. First, they administered a
written questionnaire to 57 freshman engineering students who were in the
first semester and haven't yet studied electricity course. 14 of 57 students
were holding the misconception. Second, the researchers conducted 12
additional interviews to raise the number of interviews to 15 and obtain
more insight into the dept of the conceptual difficulty. 5 of the 15
interviewees were holding the misconception. Third, the researchers
administered another but similar written test to 10 engineering students
who had completed a course in electricity and magnetism to observe if the
misconception had been overcome after the course. 4 students were
holding the misconception and the researchers concluded that it is difficult

to overcome the misconception for some students even after a course.

2.1.2 Multiple choice tests

Tamir (1990) suggested that when multiple choice tests are used wisely,
they are excellent to identify student conceptions, including
misconceptions despite of great amount of criticism. Some characteristics of
multiple choice tests were presented as follow:

1. Multiple choice tests permit coverage of a wide range of topics in a
relatively short time.

2. They can be used to measure different levels of learning.

3. They are objective in terms of scoring and therefore more reliable.

4. They are easily and quickly scored and lend themselves to machine

scoring.
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5. They avoid unjustified penalties to students who know their subject
matter but are poor writers.

6. They are suitable for item analysis by which various attributes can be
determined such as which items on a test are too easy, which were too
hard, which are ambiguous, etc. (Hedges, 1966; Wesman, 1971, as cited
in Tamir, 1990).

Cohen, Eylon and Ganiel (1983) conducted numerous interviews with
students at various levels and they found several misconceptions to be very
frequent. Because of the nature of interviews, the scope and the number of
the students who can be investigated are restricted. So, the researchers
decided to design and administer a written questionnaire to be able to
collect more information about the misconceptions from a large number of
students. The questions were qualitative rather than quantitative, because
the researchers declared that students have difficulties in qualitative
questions in spite of their mostly correct responses to quantitative
questions. They administered the questionnaire to 145 students and 21
teachers. The students were from 6 twelfth grade classes (96 students) and
they had learned electricity and magnetism. There were also two additional
classes (49 students), one of which was eleventh grade and the other was
gifted ninth graders. These two classes were experienced in DC circuits, but
not in electrostatics. Ten multiple choice questions and four open ended
questions were included in the questionnaire. The distracters were
designed to present students correct or incorrect conceptions and a
conception was presented with more than one question. The open-ended
questions were mostly quantitative (numerical) to observe the solution
ways the students use. Also, follow-up interviews were conducted with 14
students who had taken the questionnaire to be able to understand what

the reason of their answers on the questionnaire was.
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Dupin and Johsua (1987) identified French pupils’ conceptions about
direct-current electricity using a group of 920 students. To be able to assess
the effect of teaching they followed the evolution of the conceptions from
the beginning of secondary school up to the forth year of university. The
researchers used a pencil-and-paper questionnaire including 44 items. Of
course, not all of the items are used for a level of students, but they paid
attention to use at least all of the items, which had been used at a level, at a
higher level. In all items, the internal resistances of batteries were ignored
to regard as constant voltage generators. The researchers used two kinds of
questions in the questionnaires, exercises of declarative or operational
nature. Exercises of declarative nature asked students to give their opinion
about electrical events. Exercises of operational nature needed the students
to analyze the behavior of physical magnitudes in electrical circuits in
diagram forms. They formed graphics figuring out the relationship
between the percentages of correct answers and different school levels, thus
the researchers could observe the effect of teaching on the conceptions of
students. As a result the researchers confirmed the misconceptions
identified by other authors and concluded that some of the misconceptions
can be overcome by teaching, however, some are resistant to change.

Shipstone et al. (1988) carried out a research study to investigate the
conceptual understandings of students from England, France, the
Netherlands, Sweden and West Germany. They assumed to find out some
significant differences in students’ understandings, because of different
teaching approaches in those countries. If it was the case, obviously the
most advantageous approach could also be identified. Ages of the students
from all five countries were in the range of 15-17. Attention was paid to the
selection of each sample to represent each country by each author. They
used a test including 13 multiple choice and true false questions. These

questions were selected from the questions used by the authors in the
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previous studies. Each item in the test was assessing only one or at most
two aspects of electricity. After analyzing the results of the test, they
concluded that differences among countries were rather small in spite of
different teaching approaches.

McDermott and Shaffer (1992) examined student difficulties in diverse
topics of physics, one of which simple electric circuits. They started their
investigation by conducting individual demonstration interviews, which
serve a simple demonstration as a basis for a dialog between an
investigator and a student. Real equipments are usually used in these
interviews but sometimes computer simulations can also be used. The
researchers recorded the interviews on an audiotape. Analyzing the records
they characterized students’ conceptual understandings. As a result of the
findings from the interviews, they formulated written questions and they
administered to large numbers of students before, during and after
instruction. By the help of the descriptive analysis, they deepened their
understandings of students” difficulties and also extended the scope of the
investigation. As a brief summary, they shifted their questioning mode
from interviews toward written tests as their understanding of student
difficulties grew.

Beichner (1994) suggested a model for developing and analyzing a
diagnostic test in uncovering student difficulties. He initially mentions
about interviews and multiple choice tests. Interviews are very useful in
probing the answers of students to the researcher’s questions. However,
they need too much time for conducting to large numbers of students and
analyzing. At that point, multiple choice tests are very useful, because they
can be easily administered to large numbers of students and analyzed, thus
we can generalize our results. Beichner (1994) suggested the combination of

interviews and multiple choice tests.
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It is beneficial to focus on the process of test development suggested by

Beichner (1994) as briefly as possible.

1. Formulate a list of specific objectives after recognizing the need for the
test.

2. Carry out a pilot study for the last version of the list of specific
objectives. (Objectives which nearly all students succeed in must be
removed, because the aim of the test is to uncover students’ difficulties,
not their achievement.)

3. Ask open-ended questions of a group of students to determine the most
frequently appearing mistakes.

4. Write three items for each objective to produce the test by using the
mistakes found in the open-ended questions as distracters. (Items may
be selected from some outside sources, such as textbooks, question
banks, etc.)

5. To modify several of the questions, administer the test to 100-150
students.

6. To establish the content validity, distribute the revised test to some
educators and professors. Then, ask them to complete the tests,
comment on the appropriateness of the objectives, criticize the items,
and match items to objectives.

7. Administer the test to a sample whose size is enough.

8. Conduct an instructional activity to the sample of students.

9. Again administer the test to the sample after a little modification.

10. Calculate the Pearson product-moment correlation to examine if the
two test versions are similar (parallel forms). Steps 7, 8, 9, 10 indicate
equivalent-forms method.

11. Calculate a paired sample t-test to look for if the difference between
mean scores of pre- and post-test is significant. A significantly increase

in the mean scores is the evidence of validity.
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Beichner (1994) administered the test to 524 students after constructing
his valid and reliable test to uncover student difficulties. Analysis from this
data revealed that the test is certainly useful for diagnostic purposes and
should be helpful as a research tool.

Engelhardt and Beichner (2004) developed the Determining and
Interpreting Resistive Electric Circuit Concepts Test (DIRECT) to assess
students” understandings of a variety of direct current (DC). Their process
of test development started with constructing a set of instructional
objectives by a deep examination of the high school and university
textbooks and laboratory manuals plus informative discussions with
instructors using these sources. They presented the objectives to a panel of
independent experts to ensure that no significant objectives had been
ignored. In order to be able to detect the distracters for the multiple choice
format of the test, they first developed an open ended format. The
researchers tried to construct several items for an objective using different
modes of representation. Then, they developed DIRECT 1.0 and
administered to 1135 students from high schools and universities. They
used a very large sample to reduce the sampling errors. They presented a
table showing the descriptive statistics and a figure showing the
distribution of the scores. The distribution of the scores was positively
skewed indicating a difficult test. Next, they conducted follow-up inter-
views to improve their first version of the test and to increase the reliability.
Afterwards, they developed DIRECT 1.1. The final version was
administered to 692 from high schools and universities in Canada,
Germany, and the United States. The final version contained 29 items with
five choices. They again presented the descriptive statistics and the
distribution of the scores. The distribution of scores was again positively
skewed. In the descriptive analysis they estimated the overall mean,

university mean, high school mean, overall range, university range, high
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school range, Kuder Richardson 20 (KR-20), average point-biserial
correlation (reliability of a single item, and the average is desired to be
equal or more than 0.20), average discrimination index and average
difficulty index. The KR-20 values (0.71 and 0.70) for both versions were
little above 0.70, which is the acceptable value. To cause this low reliability
value, they claim the low discrimination index (0.26 and 0.23) and high
difficulty level (0.49 and 0.41). They also claimed that the low
discrimination index may be an indication of that the test indeed uncovers
students” misconception. They had established the content validity of the
test in the early versions of the test. They established the construct validity
by using factor analysis and follow up interviews. However, they only
inform us with the number of factors for two versions. For version 1.0 they
found 9 factors and for version 1.1 they found 11 factors. But, no
information is given about the interpretation of the factor analysis results.
They used the interviews to eliminate the question ambiguities and to
understand if students understand what had been intended in the
questions. A series of t-tests and ANOVA were used to determine if there
were significance differences between various groups of students who had
taken DIRECT 1.0 and 1.1. They found a significant difference between
high school and university students for both versions, that is, university
students outperformed high school students. They also found a significant
difference between males and females. Males outperformed females and

more misconceptions were held by females.

2.1.3 Two tier tests

Chung, Lin and Lin (2002) developed a two-tier diagnostic test to elicit
high school students’” misconceptions about the formation of images by

plane mirrors as a part of large scale survey study in all subject content
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areas of science in Taiwan. The researchers followed a methodology
described by Treagust (1988, as cited in Chung, Lin, & Lin, 2002). First, they
constructed a concept map by means of analysis of the physics curriculum
to prepare a list of propositional knowledge statements, which are the
statements used for linking the key words in a concept map. The
propositional knowledge statements are needed for conceptual
understanding of the mechanism of formation of images by plane mirrors.
The propositional statements were examined by physics professors to
establish the content validity. When the validation was established, some of
the propositional statements were eliminated or changed. Based on the
propositional statements the researchers developed an open ended
questionnaire to be able to identify misconceptions which would be used as
distracters in the intended multiple choice instrument. After administering
the questionnaire, they also conducted follow-up interviews whose results
would be used as reference for the findings of the questionnaire.
Afterwards, they developed the two tier test. The first tier is a multiple
choice question related to the propositional statements and the concept
map. The second tier presents a scientific reason and some misconceptions
derived from the open ended questionnaire and the interviews. The
researchers estimated discrimination index, difficulty level and the
Cronbach’s alpha (for reliability). Estimated values were in the acceptable
ranges. Finally, they presented a table showing percentages of student
responses for only first tier and for the combination of first and second
tiers. They regarded responses whose percentage was more than 10% as
possible misconceptions.

Other studies about two-tier diagnostic assessments use the same
procedure suggested by Treagust (1988) to develop the test (Odom &
Barrow, 1995; Tan, Goh, Chia & Treagust, 2002; Tsai & Chou, 2002). In

addition, it is reported that the first content tier has two or three choices
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and the second reason tier has four or five choices. Odom and Barrow
(1995) presented a table showing scoring on a two-tier test they developed
for measuring college biology students’” understanding of diffusion and
osmosis (Table 2.1). The researchers administered the test to 123 students
enrolled in a non-major freshman biology course and 117 students enrolled
in a major freshman biology course. In the table, 61.8% of the non-majors
chose the correct content (first tier), but only 21.1% chose the combination
of the correct content and reason. In other words, 61.8% of the non-majors
seem to understand the content according to only the first tier, whereas
both the first and second tiers do not indicate the same proportion. Only
21.1% of the students seem to understand the topic according to the first

two tiers.

Table 2.1 Percentage of Biology Non-majors and Majors Selecting Each

Response Combination for Item 3 on Diffusion and Osmosis Diagnostic

Test
Choice on the Reason
Total
first tier a b C d
A 8.9 18.7 49 5.7 38.2
Non-majors
B 8.9 41 276  21.1* 61.8
A 5.1 12.8 5.1 2.6 25.6
Majors

B 1.7 34 29.1 40.2* 74.4

* The correct answer according to answers for the first and second tiers

Sencar and Eryilmaz (2004) used the literature findings to form some
questions of the diagnostic test and some questions were directly translated
into Turkish. The questions were two-tiered questions. The first tier was a

classic multiple choice question with a correct answer and some distracters.
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The second tier provides some reasons for the given answer for the first
tier. The reasons were consisted of a correct reason and some
misconceptions formed by the help of the literature review. In addition, the
questions were two kinds within the test, theoretical and empirical
questions. The theoretical questions were those which had been introduced
during the course, and the empirical questions were based on the
experience with the electrical devices. The sample was consisted of 1678
ninth grade students (914 females, 764 males) from 13 high schools in
Ankara, Turkey. When evaluating a student, one point was assigned to
each misconception held by the student. That is, a student with a high score
had more misconceptions than a student with a low score. After analyzing
the results, they found that most of the students had many misconceptions.
In addition, it was observed that females had more misconceptions than
males. However, it was also observed that theoretical questions were
answered more correctly than the empirical questions. There was no
difference between females and males for the theoretical questions,
whereas females had more difficulty in answering the empirical questions

than males.

2.1.4 Three tier tests

Eryilmaz and Siirmeli (2002) developed a three-tier test to assess
students’ misconceptions on heat and temperature. They started their study
by probing the definition of misconception. In the study, it was emphasized
that misconceptions are conceptions that are acquired from the experiences
and conflict with the scientific facts. Also, misconceptions have a
connotation of error, but not all errors are misconceptions. Some errors
may be due to lack of knowledge, and it is a fact from the definition of

misconception that misconceptions are due to some conceptions from
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experiences, not due to some lack of knowledge. However, in the objective
tests all wrong answers are treated as misconceptions. This situation
questions the validity of objective tests. In the three tier tests, the first tier is
a classic multiple choice question. The second tier presents some reasons
for the first tier. And, the last tier asks the student whether he/she is sure or
not for the given answers. If the student answers the first tier incorrectly,
next gives the related reason for the answer, and finally the student is sure
about the answers for the first two tiers, then we can expect the student to
have a misconception. Eryillmaz and Stirmeli (2002) determined a 19-item
test on heat and temperature, and then they form the three-tier test. They
administered the test to 77 ninth grade students from local and private high
schools in Balgat, Ankara, Turkey. At the end, they compared the
percentages of students having a misconception, respectively according to
only the first tiers of items on the test, the first two tiers of items on the test
and all three tiers of items on the test. They found that 46% of the students
had in average at least one misconception according to the first tiers, 27% of
students had at least one misconception according to the first two tiers, and
18% of the students had at least one misconception according to all three
tiers. From these results, the researchers concluded that assessing
misconceptions with a one-tier test overestimates the percentages of
students having a misconception, and treats all wrong answers as a
misconception. In fact, although some of those incorrect answers may be
due to a misconception, some of them may not be due to a misconception.
In other words, as previously mentioned, some of incorrect answers may be
false negatives which are incorrect answers in spite of correct reasons, and
some may be due to randomly given answers. Additionally, some other
may be due to lack of knowledge. In the light of this explanation, 19% of
the students, which is found by subtracting 27% from 46%, gave incorrect

answers by mistake or chance because related reasons of the incorrect
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answers were not chosen on the second tiers of the test. In the same
manner, 9% of the students were not confident about the answers for the
fist two tiers on the test although their answers for the first tiers were
consistent. Those students gave incorrect answers due to some lack of
knowledge rather than some misconceptions. Thus, the researchers
concluded that three-tier tests assess misconceptions more validly than

one-tier or two-tier tests.

2.2 Misconceptions about Simple Electric Circuits

Lots of research studies have been conducted so far in order to
investigate the student understanding of electric circuits. These studies
have revealed that students mostly cannot distinguish among related
concepts such as current, energy, voltage, etc. Assuming battery as a
constant current source is an example of confusion between electrical
current and voltage. Another example is the consumption of current by
electrical devices within a circuit because of the confusion between
electrical current and energy (Bauman, & Adams, 1990; McDermott, &
Shaffer, 1992; Shipstone, 1988). These two misconceptions are the most
common and resistant misconceptions among students according to the
related literature. Of course, there are other misconceptions in the
literature, and therefore, all the misconceptions are presented separately so
that they can be easily understood.

Sink model: Only a single wire connection between the power supply and
the electrical device is assumed to let the electric current flow from the
power supply to the electrical device, thus running it. Students who have
this misconception may confuse the electric flow with the other flow
models such as heat flow, water flow or grounded electric flow. (Fredette &

Loachhead, 1980). Figure 2.1 demonstrates two of various electric circuits
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which are assumed by students holding this misconception so that the bulb

lights up.
Iy e
+ +
BATTERY BATTERY
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Figure 2.1 Examples of Electric Circuits by Students Holding Electric Sinks.

Attenuation model: In this model, the electric current, which travels round

an electrical circuit in one direction, is assumed to decrease gradually
because of the consumption of it by the resistors within the circuit. When
students are asked to rank two identical bulbs, which are in series as in
Figure 2.2, with respect to their brightness, they regard bulb A as brighter
because they think that bulb A which encounters the electric current first
uses up some of the current and less current passes through bulb B
(McDermott & Shaffer, 1992; Shipstone, 1988).

Shared current model: This model is very similar to the attenuation model

in that the leaving current is more than the returning current. But, the
difference is that in this model the electrical current is assumed to be
shared equally by electrical devices; therefore bulbs A and B in Figure 2.2

are assumed to be equal in brightness (Shipstone, 1988).
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Figure 2.2 Two Identical Bulbs which are in Series

Sequential model: When pupils are asked to predict what happens to the

brightness of the bulb in Figure 2.3 if either Ri or Rz is changed, many
anticipate that change in R affects the brightness and change in R2 does not
affect the brightness of the bulb. That is, students assume a change at a
point in the circuit to affect forward in the direction of the electric current,
not backward (Dupin & Johsua, 1987, McDermott & Shaffer, 1992;
Shipstone 1988; Shipstone et al., 1988).

Eq Eq

HEREED O

Figure 2.3 Electrical Circuit Used for Assessment of the Sequence Model

Clashing current model: Students who have this model assumes that

positive electricity and negative electricity from the power supply meet at
an electrical device and clash there, thus running the electrical device.

(Chambers & Andre, 1997)
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Empirical rule model: Students who have this conception believe that the
further away the bulb is from the battery, the dimmer the bulb (Heller &
Finley, 1992).

Short circuit misconception: Wires without any electrical devices are

ignored by the students who have this misconception as they analyze the
circuit. (Chambers, &Andre, 1997; Fredette, & Clement, 1981). Figure 2.4 is
obtained from the study of Fredette and Clement (1981) in the purpose of
exemplifying short circuit misconception. Students who have this
misconception ignore the wire path causing a short circuit and try to
analyze the electrical events through the battery, the resistor and the

capacitor as in the figure.

Fesistor

Caparitor

Figure 2.4 Circuit Used for Eliciting the Short Circuit Misconception

Power supply as a constant current source model: This misconception

belongs to the students regarding a battery as a constant electrical current
source rather than electrical energy source, whatever the circuit it is flowed
in (Cohen et al., 1983; Dupin & Johsua, 1987; McDermott & Shaffer, 1992;
Shipstone, 1988; Shipstone et al., 1988).
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Parallel circuit misconception model: Students regard a resistor as an

obstacle to current flow and they claim that the total resistance of a circuit
increases as the number of resistors which are in parallel increases
(Chambers, & Andre, 1997; Cohen et al., 1983; McDermott, & Shaffer, 1992).

Local reasoning: If a modification is done in a part of an electrical circuit,

students who have this misconception try to analyze this local part and
they ignore global changes. However, it is required to analyze both the
local and the global changes. For example, a resistor is connected in parallel
to a given resistor, then the current is divided between the resistors, but the
sum of these currents is not equal to the previous magnitude of the current
at the original circuit before the modification (Cohen et al., 1983; Shipstone
et al., 1988).

Models of junctions in parallel circuits: Heller and Finley (1992) reported 8

different responses for the question shown in Figure 2.5.

ac. Compare the amount of current in
the wires at points 1, 2 and 3. Explain
YOUr reasoning.

Figure 2.5 Question used by Heller and Finley (1992)

The following list shows different types of the given answers. The given
answers were categorized according to if the junction was recognized or
not. The first four answers are the answers in which the junction divide
was not recognized and the rest of the answers are the answers in which

the junction divide was recognized.
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1. The current is the same at all points (I. = I.= Is) because the current has
not yet reached the bulbs.

2. The current is the largest at point 2 because of being the closest to the
negative pole. The current at point 3 is greater than at point 1 due to the
distance to the negative pole (I>Is> Ir).

3. The currents at points 1 and 2 are equal because they have not yet
reached any bulb. The current at point 3 is the least because the current
has been used in passing through the bulbs A and B (Ii=1>> Is).

4. The currents at points 1 and 2 are equal because they have not yet
reached the bulb A. The current at point 3 is least because the current
flows around the circuit with the bulb A before it flows through the
circuit with the bulb B (I = 1> 5).

5. The currents at points 1 and 3 are about equal. Slightly less current
flows down the path to point 2 (I = Is> I2).

6. The current at point 1 is the largest because it has not yet split. The
current at point 2 is larger than the current at point 3 because more
current flows through the closer path (I1= L2+ Is; > I5).

7. The currents at points 2 and 3 are half of the current at point 1 because
it divides evenly when the split occurs (Ii= I+ I5; I.= I3).

8. The current at point 1 is the sum of the currents at points 2 and 3. The
current at points at points 2 and 3 are the same because more current
flows through the path with less resistance. Since the paths have the
same resistance, the currents through each path are the same (li=L+ I3

L=1s).

2.3 Force Concept Inventory

During the literature review, two findings attract attention. First, there

are few two-tier or three-tier tests on physics. Second, there are so many
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research studies focusing on the FCIL. Both make inevitable to review the
research studies on the FCI. The FCI is presented by two sections. The first
section is about its development and popularity. The following section

presents some serious concerns about the FCI.

2.3.1 Development of the Force Concept Inventory

Because the FCI is an improved version of the Mechanics Diagnostic
Test (Halloun & Hestenes, 1985), it is first needed to study the MDT.
Halloun and Hestenes developed the MDT to ascertain students’
qualitative conceptions of mechanics. The researchers articulated the
design, validity and reliability of the test clearly. They started developing
the test by selecting questions in order to be able to assess students’
qualitative conceptions and identify common misconceptions obtained
from the literature. Afterwards, various open ended versions, which
request written answers, were administered to more than 1000 college
students enrolling in introductory physics courses for more than three
years. As a consequence, the most common misconceptions were identified
and used as distracters in the final multiple choice version of the test.
Halloun and Hestenes established the face and content validity of the test
in four different ways. First, the researchers had a number of physics
professors and graduate students examine the early versions of the test and
they incorporated the suggestions into the final version. Second, 11
graduate students took the test and a complete agreement was reached on
the correct answers to each question in the test. Third, the researchers
conducted interviews with 22 introductory physics students who had taken
the test before and they observed that all the questions and alternative
answers were understood clearly by the students. Forth, the answers of 31

students who received A grade in University Physics were carefully
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examined in order to detect any probable common misunderstanding due
to the formulation of the questions in the test and they found no one. For
establishing the reliability of the test, Halloun and Hestenes (1985) not only
used quantitative data from the test results but also they used qualitative
data based on the interviews with a sample of students who had taken the
test. In the end of the interviews, they observed that the answers of the
students were identical with the answers the students had given in the test.
Furthermore, the researchers used the data from two comparable groups
tested at different times to estimate the Kuder-Richardson reliability
coefficients for pretest and posttest uses. The coefficients were 0.86 for
pretest use and 0.89 for posttest use. Accordingly, these unusual and high
values mean that the MDT is highly reliable.

In 1992, Hestenes, Wells, and Swachhamer designed the FCI which is an
improved version of the MDT and claimed that the inventory supplies a
more systematic and complete profile of the misconceptions. The
researchers divided the Newtonian force concept into six conceptual
dimensions and grouped the misconceptions in six major categories. Each
question in the inventory presents a Newtonian concept and the
misconceptions as distracters. Hestenes et al. (1992) administered the FCI to
1500 high school students and more than 500 university students with an
accompanying test, the Mechanics Baseline Test based on problem solving
skills and analyzed the test results. They also conducted some interviews
for establishing the validity and reliability. Nevertheless, Hestenes et al.
(1992) articulated that they did not expend as much effort as on the MDT
for establishing validity and reliability because half of the questions in the
FCI are the same questions in the MDT whose results replicated many
times by other researchers. Thus, they alleged that it was unnecessary to do

the same formal analysis again.
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The results of the Mechanics Baseline Test used with the FCI were
reported by Hestenes and Wells (1992). The FCI was designed to be used as
pretest and posttest for assessing students’ qualitative understanding of
Newtonian concepts before and after the instruction. The Baseline test was
also designed in order to assess students’ qualitative understanding of
mechanics, but it requires problem solving acquired in instruction, that is, it
can be used after the instruction as a posttest. The researchers claimed that
the use of both tests can yield a complete assessment of students’
understanding of mechanics. However, the most important inference was
that the researchers indicated two thresholds for the FCI using an
Inventory posttest vs. Baseline posttest scattergram. Hestenes and Wells
indicated 60 % in the FCI for conceptual threshold because students below
this score are most likely to get below 60 % in the Baseline test. 80 % in the
FCI was indicated as threshold for mastery of basic Newtonian concepts,
because only the students above 80 % in the FCI can score above 80 % in

the Baseline test.

2.3.2 Some concerns about the Force Concept Inventory

Huffman and Heller (1995) reported some concerns about the FCI. The
researchers conducted a factor analysis using the FCI data, they obtained
by administering the test to 145 high school and 750 university students, in
order to answer what the FCI actually measures. Huffman and Heller
(1995) reminded that the force concept was divided into six conceptual
dimensions. For this reason, a factor analyzed FCI data would yield either
only one central factor or six different factors including all the items in the
FCI. Nevertheless, they found a wide variety of ambiguous factors and
only few acceptable factors. Therefore, Huffman and Heller claimed that

the items in the FCI are loosely related to each other and they do not
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measure either a single force concept or six dimensions of the force concept.
This report was followed by some other papers on the concerns.

Hestenes and Halloun (1995) said that what the FCI measures is a
question about content validity. In other words, the probability of false
positives and false negatives must be estimated. A false negative is defined
as the incorrect answer of a Newtonian thinker and a false positive is
defined as the correct answer of a non-Newtonian thinker. Hestenes and
Halloun (1995) stated that the probability of false negatives was less than
ten percent according to the interviews they had conducted. However, they
pointed that the minimization of false positives is more difficult. Because,
the students have a chance of guessing the correct answer in a multiple
choice test, and elimination of this threat is obviously impossible. In spite of
the existence of such a difficulty, the researchers claimed that the
probability of false positives had been minimized because of the use of
more than one question assessing each dimension of the force concept and
the use of powerful distracters culled from student interviews. The
researchers showed the false positives to be the reason for the results of the
factor analysis. They suggested that if Huffman and Heller (1995) had used
the students” data between 60 and 80 % scores and separately the data of
students above 80 %, they would have reached more acceptable results.
Heller and Huffman (1995) repeated their claim about the validity of the
FCI by giving an example of hypothetical statistical analysis.

Hestenes and Halloun (1995) also emphasized that students’
conceptions are not coherent, that is, it is not a suitable way to use factor
analysis for the FCI data. They also said that Huffman and Heller had
ignored that non-Newtonian answers (wrong answers) must be studied to
reach some results about students’ conceptions, not the Newtonian answers
(correct answers), that is, Huffman and Heller had factor analyzed the

correlations between the Newtonian answers. In their response, Hufman
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and Heller (1995) stated that there are two possible explanations for such a
loosely related test items. First, students do not have coherent conceptions.
Second, students have coherent conceptions, but the test can not measure
them.
Another focus on the discussions is the use of the FCI. Hestenes, et al.
(1992) suggested that the FCI can be used for three different purposes.
1. As a diagnostic tool (It can be used for identifying and classifying the
misconceptions)
2. For evaluating instruction
3. As a placement exam (it can not be used to place beginning students,
but it can be used in colleges and universities for determining if a
student can be placed in a more advanced course after taking the
introductory physics course.)
However, Huffman and Heller (1995) claimed that it may be unfair to
use the FCI as a placement test, because it is not obvious what the FCI
actually measures. They also advised considerable caution when the

FCl is used as a diagnostic tool or for evaluating instruction.

2.4 Summary

The literature review can be summarized in three categories such as
diagnostic tools, misconceptions about electric circuits and the force
concept inventory.

In the literature, one of the first diagnostic tools is interviews.
Interviews can be used to investigate student conceptions deeply.
However, they cannot be administered to large number of students for
generalization, cannot be analyzed easily, and are too much time
consuming. So, multiple choice items have been most commonly used so

far. Because, multiple choice tests can be easily administered to large
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number of students, are objective due to the scoring, and can be easily

analyzed. But, they cannot investigate the student answers deeply.

Therefore, two tier tests have been used for diagnostic assessment in the

literature for a long time. Two-tier test items include a first tier which is an

ordinary multiple choice item, and a second tier which presents reasons (a

set of misconceptions and the correct reason) for the answers on the first

tier. That is, it can be said that two-tier tests are superior to multiple choice
tests in probing the student answers. Nevertheless, two-tier tests have been
criticized due to inability to discriminate lack of knowledge from possible
misconceptions. And consequently, three-tier tests were introduced for
diagnostic purposes. Three-tier tests are superior to the two-tier tests in that
they have a third tier which is especially used for discriminating lack of
knowledge from misconceptions. Because, on the third tier, students are

asked if they are sure about the answers they give for the first two tiers. If a

student is sure for a wrong answer and the related reason he/she gives for

the first two tiers, then the student can be said to have a misconception.

Otherwise, the wrong answer, which is due to a lack of knowledge, cannot

be named a misconception.

Another topic which was reviewed in the literature is misconceptions
about simple electric circuits. The misconceptions can be listed as:

1. Sink Model: Students think that only one connection between the
electrical device and the power supply is enough for running the
device.

2. Attenuation Model: Students think that the current leaving one
terminal of the power supply is more than the current returning to the
other terminal, and the lamp receiving the current last is least in
brightness in a circuit with a series combination of identical lamps.

3. Shared Current Model: This model is identical with attenuation model

except that all the lamps in a circuit with a series combination use the
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10.

same amount of current, that is, they have the same brightness.
Sequential Reasoning: Messages about changes taking place in a circuit
are carried forward in the direction of the current but not backwards.
Clashing Current Model: Students holding this misconception believe
that charges from + and — terminals meet within the electrical device
and clash, thus the device runs.

Empirical Rule Model: The further away the bulb from the battery, the
dimmer the bulb.

Short Circuit Preconception: Students holding this model ignore the
wires without electrical devices and think that the wires have no effect
on the circuit.

Power Supply as Constant Current Source Model: Power supply is
assumed to supply the same amount of electrical current whatever the
type of circuit is.

Parallel Circuit Misconception Model: Adding a new resistor in a new
parallel path is believed to increase the amount of total resistance.

Local Reasoning: Students holding this model focus their attention
entirely upon what is happening at one point in a circuit ignoring
whatever may be happening elsewhere.

Also, Heller and Finley (1992) reported 8 different answers for
comparing electrical currents at a junction divide of a parallel circuit.

Finally, the FCI was reviewed in the literature. It was designed to assess

introductory physics students” force conceptions by Hestenes et al. (1992.).

It is the most popular diagnostic tool on physics, was claimed to be highly

valid and reliable, and have been used many times by different researchers.

However, Huffman and Heller (1995) reported some concerns as a result of

factor analysis they conducted. They claimed that the factor analysis must

have formed one or six factors because the writers of the FCI had claimed

that the test assesses six different conceptual dimensions of the force
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concept. Nevertheless, the factor analysis results presented a wide variety
of ambiguous factors and only few acceptable factors. That is to say,
Huffman and Heller (1995) claimed that the FCI does not measure the force
conceptions properly. Hestenes and Halloun (1995) reported their
responses to the claims. They interpreted the results in terms of the false
negatives and positives (see Section 1.2). Because, the researchers claimed
that the probabilities of false positives and false negatives are the reason for
such a result of factor analysis. They also claimed that such a result of
factor analysis is because of student conceptions which are not coherent.
They suggested the factor analysis to repeat using separately the scores of
the students whose scores are between 60 and 80%, and the scores of the
students whose scores are above 80%, thereby, getting more acceptable

results.
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CHAPTER 3

METHOD

In this chapter, sampling, variables, instruments, procedures and

analyses of data are presented in a logical sequence.

3.1 Population and Sample

All ninth grade students in Turkey were the target population in this
study. However, it is a fact that data collection from that population is
extremely difficult. In that case, all ninth grade students in Polatli, the
biggest outlying district of capital Ankara, were identified as accessible
population for generalization.

In this study, three sample groups were drawn from the accessible
population for conducting interviews, administering the open ended

questionnaire, and the Simple Electric Circuit Diagnostic Test (SECDT).

3.1.1 Sample Group for the Interviews

A purposive sample was drawn from general high school, foreign
language based high school and Anatolian high school because they
include most of the students at secondary school level in Turkey.

Interviewees were extracted from each school by means of administering
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the Interest and Experience Questionnaire about Electricity (IEQ) to some

intact classes at each school with a total number of 184 students. Analyzing

the results from the questionnaire, the interviewees were selected

according to the school type, gender, knowledge level and IEQ scores.

Table 3.1 shows the list of the interviewees from each school type. Each

student at each category was interviewed at suitable locations (lit, silent,

heated, etc.). Interviewees were between 14 and 16 years old. Before the

interviewees in the table were interviewed, two students from Atatiirk

Foreign Language Based High School were interviewed for practicing.

Table 3.1 List of the Interviewees

Atatiirk High School
Knowledge Name of the
Gender Experience Grade
Level Interviewee
Yes 10t Ferhat
High
No Oth Firat
Male
Yes 10t Soner
Low
No 9th Okan
Yes 10t Seher
High
No Oth Yasemin
Female
Yes - -
Low
No 10t Mehtap
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Table 3.1 (continued)

Atatiirk and Polatli Foreign Language Based High Schools

Knowledge Name of the
Gender Experience Grade
Level Interviewee
Yes Preparatory Fikri
High
No Preparatory Merig
Male
Yes 10t Kemal
Low =
No Preparatory Ozdemir
Female High Yes 10t frem
No 10t Serap
Low Yes - -
No 10t Tugba
Polatli Anatolian High School
Gender | Knowledge | Experience Grade Name of the
Level Interviewee
Male High Yes 10% Mehmet
No 10t Sefa
Low Yes 9th Efe Can
No 10t Ismet Cagr
Female High Yes 9th Merve
No Oth Gokge
Low Yes 9th Cangiil Kiibra
No 10t Merve
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3.1.2 Sample Group for the Open Ended Questionnaire

The open ended questionnaire was administered to a convenience

sample including ninth grade classes from each school type. The students

were 14 or 15 years old. Table 3.2 shows genders and numbers of the

students included in the sample according to each school type.

Table 3.2 Students Having Taken the Open Ended Questionnaire

Male | Female | Total
Atatiirk High School 24 30 64
Polath Foreign Language Based High School 10 17 27
Anatolian High School 7 11 18
Total 41 58 99

3.1.3 Sample Group for the SECDT

Again a convenience sample including ninth grade students from each

school type was drawn for the SECDT. Table 3.3 shows the details.

Table 3.3 Students Having Taken the SECDT

Male Female Total
Atatiirk High School 21 39 60
Polatli Foreign Language Based High School 2 10 12
Anatolian Teacher Training High School 23 27 50
46 76 122
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In fact, the SECDT was administered to 124 students, however, 2
students had not signed gender section on the cover page of the test;

therefore, there were two missing data associated with student genders.

3.2 Variables

In the study, nine variables were produced for each student using the
raw data, answer key of the SECDT, and the choice selections indicating a
misconception (see Appendices H, I and J). Logical functions (IF, AND, OR
functions) of Microsoft Excel were used for recoding the student answers
on the raw data as 0 (incorrect answer / non-existing misconception) or 1
(correct answer / existing misconception). The details are as follow:
Scores-1: They were produced by using each student’s correct answers for
only the first tiers of items on the SECDT. Students” answers for each item
were coded as 0 (incorrect answer) or 1 (correct answers) according to the
first tiers. In other words, each student’s correct answers for the first tiers
were coded as 1, and wrong ones were coded as 0. For example, the first
student in Figure 3.1 gave correct answers for items 1, 3, 6, 9, and 11
according to only the first tiers, and the student’s total score was 5.

Every student answers were coded with the same manner. This coding
also enabled the researcher to estimate the proportion of correct answers
for each item.

Scores-2: They were produced by using every student’s correct answers for
both of the first two tiers on the SECDT. That is, when a student’s answer
and reason were correct, it was coded as 1; otherwise, it was coded as O.
Total scores for each student and proportion of correct answers for each

item were estimated, too.
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CORRECT ANSWERS (ONLY FIRST TIERS)
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5 0 | | 0 | ] | | 0 | 0 0 6
121 0 0 0O 0 0 | 0 | 1 0O 0 | | 4
122 0 | 0 1 0 | O 0 0 0 1 1|5
123 0 | | 0 | 0 | 0O 0 0 | 0|5
124 0 0 0 0 0 | 0 0 1 1 | 1 | 5

TOTAL 95 157 63| 51|28 858547 ]|44]35]74] 50

PERCENT (%) | 77 | 46 1 51 | 41 | 23169 )1 69| 38| 35] 28] 60| 40

Figure 3.1 Scores-1 according to only the first tiers on the SECDT

Scores-3: They were produced by using every student’s correct answers for
all three tiers on the SECDT. That is, answer of a student, who chose “Yes,
I am sure” as well as the correct answer and reason, was coded as 1;
otherwise it was coded as 0. At the end, student scores and proportion of
each correct answer according to all three tiers were estimated.

Confidence levels: They were produced by using student answers to only

the third tiers which ask if a student is confident about the answers for the
first two tiers. That is, “Yes, I am sure” selections of students were coded as
1, and the rest were coded as 0. Finally, sum of 1 points, each student had,
yielded confidence level of each student.

Misconceptions-1: They were produced by using choice selections

indicating a misconception in Appendix I and student answers for only the
first tiers. For each item on the SECDT, choice selections indicating a

misconception were coded as 1, and the rest were coded as 0. This enabled
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the researcher to estimate the percentages of misconceptions assessed by
each item. Then, the average of percentages of the same misconceptions
assessed by different items was estimated, thus the percentages of each
misconception were found according to only the first tiers on the SECDT.

Misconceptions-2: They were produced according to the first two tiers.

When a student chose both the choice indicating a misconception and the
related reason, student was expected to have a misconception and it was
coded as 1. Thus, percentages of misconceptions, assessed by each item,
were estimated separately, and then the average percentages of the same
misconceptions, assessed by different items, were estimated.

Misconceptions-3: They were estimated by using choice selections

indicating a misconception and evaluating all three tiers on the test. That is,
when a student selected the choices indicating a misconception in the first
two tiers and chose “Yes, I am sure” in the third tier, it was coded as 1 for
the item. Using these data, percentages of misconceptions assessed by each
item were estimated. Some misconceptions are assessed by more than one
item on the test. So, the average of percentages of the same misconceptions
assessed by different items was estimated and therefore the correct
percentages of misconceptions were estimated for all three tiers on the
SECDT.

Misconceptions-4: This variable is similar misconceptions-3 in that both are

based on choice selections indicating a misconception. But, misconception-3
presents misconceptions (0 or 1) according to each choice selection whereas
misconceptions-4 presents misconceptions by combining these choice
selections. For example, Clashing current model (M4) is assessed by two
choice selections (see Appendix I). Misconceptions-3 variable presents 0’s
or 1’s for each choice selection separately, whereas misconceptions-4
presents a combination of these two choice selections. That is, if both choice

selections are coded as 0, then it is again coded as 0, otherwise, as 1.
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Scores-based on only second tiers: They were obtained by using student

correct answers for only the second tiers. In detail, student correct answers
to only second tiers were coded as 1 and the wrong answers were coded as

0. Sum of them for each student gave the total student scores.

3.3 Instruments

In this study, four different instruments were used for different

purposes. It is more suitable to present the instruments separately.

3.3.1 Interest and Experience Questionnaire about Electricity

The IEQ was used to select suitable interviewees in the purpose of
including all types of students in terms of gender, knowledge level, type of
school they go, and experience with electricity. The IEQ had been
developed by Sencar and Eryilamaz (2004) apart from four additional
questions requesting information about students’ names, their fathers” and
mothers” occupations, and their physics grade on the last academic record
sheet (see Appendix A). Students’ physics grades on their last academic
record sheet were used for discriminating them on the grounds of their
knowledge level. Five items which rated on a 4 point Likert scale on the
questionnaire exhibited information about student interest in electricity.
Ten items which was rated on a 3 point Likert scale exhibited information
about the students” experiences with electricity.

Sencar and Eryilmaz (2004) established the face and content validity of
the questionnaire asking some experts for comprehensiveness of items,
representativeness of content by the selected items, appropriateness of the
format. The researchers administered the questionnaire to 166 ninth grade
students from three different high schools for pilot study and the Cronbach

alpha reliability coefficient was estimated to be 0.89.
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3.3.2 Interviews

The clinical interview technique (Piaget, 1929, as cited in Fredette &
Lochhead, 1980) and the interview-about-instances technique, explained by
Osborne and Gilbert (1980), were used in this study. In the clinical
interview, students were wanted to light up a bulb giving several pieces of
conducting wires, a battery and a light bulb as done by Fredette and
Lochhead (1980) so that different connections by the students for lighting
up the bulb were observed. And in the interviews-about-instances, a card
on which some diagrams are depicted was shown to the interviewees, and
then the related questions on the interview guide were put (see Appendices
B and C). All of the diagrams on the card were selected or adapted from the
literature about student difficulties in electricity. Table 3.4 demonstrates the
details about the interview card. Furthermore, the interview guide was
semi-structured, that is, only main questions used in the interviews were
included in the interview guide because also some other probing questions

were yielded during the interviews.

Table 3.4 Diagrams on the Interview Card from the Related Literature

Diagrams on the Card Source
Diagram in Figure A Heller & Finley (1980)
Diagram in Figure B Shipstone (1988)
Diagram in Figure C Heller & Finley (1980)
Diagram in Figure D Cohen et al. (1983)
Diagram in Figure E Shipstone et al. (1988)
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3.3.3 Open Ended Questionnaire

The open-ended questionnaire was developed according to observed
student misconceptions during the interviews and the related literature
(see Appendix D). Most of the questions were adapted from the items on
the interview guide. Moreover, some textbooks and test banks were
reviewed in addition to the related literature with the object of finding
some more qualitative questions assessing students’ conceptual
understanding and assessing each misconception with more than one item.
Unfortunately, almost all of the questions in the textbooks and test banks
were quantitative, that is, mostly based on numerical calculations. As a
result, the items in Table 3.5 were added in the questionnaire after highly
careful considerations. Besides, items 13 and 14 were written by the

researcher.

Table 3.5 Additional Items on the Open Ended Questionnaire

Items on the Open Ended
Source
Questionnaire
Item 1 Fredette & Lochhead (1980)
Item 2 Borklii (n.d., p. 242)
[tem 11 Engelhardt & Beichner (2004)
[tem 12 Fredette & Lochhead (1980)
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3.3.4 Simple Electric Circuit Diagnostic Test

The SECDT was developed as a three-tier test (see Appendix G). First
tiers of the test items are ordinary multiple-choice questions. Second tiers
include a set of reasons for the answers on the first tiers. Third tiers
questions if examinees are confident about their answers for the first two
tiers. The SECDT was developed for assessing ninth grade students’
misconceptions about simple electric circuits as well as students’
qualitative understanding. The test was designed using findings of the
open-ended questionnaire. All item stems were the same stems on the
open-ended questionnaire. However, item 2 on the open-ended
questionnaire was not used on the SECDT because item 2 had not yielded
any considerable answers. Also, both items 9 and 12 on the open-ended
questionnaire were used for designing item 10 on the SECDT. In addition,
choices of both the first and second tiers were designed using the
categories, which include similar student answers for each item on the
open-ended questionnaire, and findings of the literature review.
Furthermore, answer key of the SECDT and choice selections indicating a

misconception are presented in Appendices H and I, respectively.

3.4 Procedure

In this study, the SECDT was designed for the purpose of assessing
ninth grade students’ misconceptions about simple electric circuits.
Therefore, this study is a cross-sectional survey study.

First of all, keywords were identified for the aim of literature review.
And then, international and national primary and secondary sources were
searched. In detail, Educational Resources Information Center (ERIC),

International Dissertation Abstracts, Social Science Citation Index, Science
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Direct, Kluwer Online Gateway, Ebscohost were investigated, and the
search engine Google was generally used so as to look into Internet. It must
be emphasized that METU Library and Turkish Academic Network and
Information Center (ULAKBIM) online services helped so much with
searching those sources. Also, photocopies of the findings from the search
could be easily obtained by means of information and document delivery
service of ULAKBIM. Furthermore, Turkish research studies were searched
by means of METU Library, online service of the Council of Higher
Education (YOK) for thesis search and Internet in general. Hacettepe
Universitesi Egitim Fakiiltesi Dergisi, Egitim ve Bilim, Cagdas Egitim
Dergisi, Milli Egitim Dergisi, and Bogazici Universitesi Dergisi at METU
Library were also reviewed.

After reviewing the literature, the steps in developing the SECDT were
identified. Conducting interviews was decided to begin with, and the
interview guide was designed to assess some common misconceptions in
the light of related literature. The interviews revealed what and how
widespread the misconceptions were, and if there were any unknown
misconceptions among students. Afterwards, the open ended questionnaire
was developed with a view of the findings from the interviews and the
literature. As it was being developed, special attention was paid for each
distracter to assess only one misconception and each misconception to be
assessed by more than one distracter. And then, the questionnaire was
given to two physics teachers from Atatiirk High school and an instructor
from the department of Secondary School Science and Mathematics
Education at METU with the aim of establishing the content validity. The
experts investigated the questionnaire in terms of whether the items were
appropriate for the grade level and misconceptions intended to assess,
whether the items covered all the misconceptions, and whether the items

were easily understood. Also, attention was paid for assessing each
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misconception with more than one item and for minimizing the number of
misconceptions each item assess. Needed improvements were done
according to the feedback from the experts and the specifications were
achieved as in Appendix F. However, the content, simple electric circuits,
was waited for a while to be completed at the high schools mentioned in
Section 3.1.2 in spite of making the open ended questionnaire ready for
administration. At last, the questionnaire was administered to 99 ninth
grade students from three different types of high schools, that is, it was
time to analyze the results from the open ended questionnaire. The results
of the open ended questionnaire were going to be used for writing the
distracters of the intended three-tier test. Therefore, student answers to
each item on the questionnaire were needed to be categorized. On the other
hand, similar student responses to each item formed a category, and so, an
item on the questionnaire had several categories. Each category for an item
included either the correct conceptions or misconceptions. However, there
were also some categories including deficient or meaningless responses.
One of the difficulties in the study was to write a suitable title for each
category so that those titles were going to be the distracters and the
distracters can be chosen by all the students in the category with zero or
minimum exception. Finally, the most prevalent categories were selected to
design the SECDT after careful considerations. For establishing the content
validity, the SECDT was again given to the instructor at METU. In the light
of the feedback from the instructor, some improvements were done.
Although there was no much time for pilot study in the last week of the
term, fortunately, the SECDT was able to be administered to 124 ninth

grade students.
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3.5 Analysis of Data

After a successful pilot study of the SECDT, the results were analyzed.
First of all, the raw data were produced by means of Microsoft Excel (MS
Excel). Variables were coded in the columns and participants were coded in
the rows of the spreadsheet. Apart form the correct answer and the
distracters, blank choices were also presented in the second tiers of the
SECDT so that students would use them if they had not found their
reasoning among the given choices. However, only several answers were
given using the blank choices and most of them could be categorized into
the choices with the same meaning. In other words, most of such answers
were coded the same as the choices with the same meaning. On the other
hand, few of them (6 or 7) were coded as blank answers because they were
different from the presented choices in meaning.

MS Excel, Statistical Package for the Social Sciences (SPSS) and Item and
Test Analysis Program (ITEMAN) were used for the statistical analyses.
Statistical analyses were first conducted for establishing the content and
construct validity of the SECDT. If there was a positive correlation between
the student scores from both the first two tiers and student confidence
levels from the third tiers was investigated to begin with, and this was
hoped to be evidence for construct validity (Cataloglu, 2002). Then, factor
analyses of student scores and student misconceptions were respectively
conducted. The number of subjects was 124 and the number of test items
was 12, that is, the subject to item ratio was more than 10. SPSS settings
used for factor analysis in this study are given in Table 3.6. After
conducting the factor analysis first time, several factor analyses followed
the first one according to the results of each factor analysis. That is to say,
some instructions were followed as factor analyses were being conducted.

First, every correlation between each pair of variables was examined if they
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were over 0.30 by means of the correlation matrix. Second, Kaiser-Meyer-

Olkin (KMO), which is a measure of sampling adequacy, was examined to

be more than 0.50. Also, Bartlett’s test of sphericity, which tests the

hypothesis that correlation matrix is an identity matrix (diagonals are one

and off-diagonals are zeros), was investigated. The analysis requires that

the probability (p-value) associated with Bartlett’s test of sphericity to be

less than the level of significance (0.001) so as to be able to reject the null

hypothesis which assumes the correlation matrix to be an identity matrix.

Table 3.6 SPSS Settings for Factor Analysis

Descriptives ~ Statistics Univariate descriptives
Initial solution
Correlation Matrix Coefficients
KMO and Bartlett’s test of sphericity
Anti-image
Extraction Method Principal components
Analyze Correlation matrix
Display Unrotated factor solution
Scree plot
Extract Eigenvalues over 1
Rotation Method Varimax
Display Rotated solution
Options Exclude cases listwise

Coefficient display format

Sorted by size

Suppress absolute values less than 0.10
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Third, KMO was investigated to be more than 0.50 for each individual
variable and any variable whose KMO is less than 0.50 was removed from
the analysis. Forth, every communality value which is the sum of squared
loadings for each variable and the proportion of the variance explained by
the other variables was investigated to be more than 0.50. Any variable
whose communality does not satisfy this rule was eliminated from the
analysis. Fifth, for retention of factors, either scree test was conducted, or
percent of variance explained by each variable and cumulative percent of
variance was examined to be at least 5% and 70%, respectively. At last,
rotated component matrix was examined so as to interpret the extracted
factors. Also, it was not ignored to estimate the Cronbach alpha for each
factor with the aim of understanding how reliable the factors are (Field,
2004; Costello & Osborne, 2005; Schwab, 2005).

Furthermore, probabilities of false positives and false negatives were
estimated because they were expressed by Hestenes and Halloun (1995) to
be evidence for the content validity. Also, item analysis of the SECDT was
carried out and its reliability was estimated by means of Cronbach’s alpha
test. Finally, how widespread the misconceptions were in terms of type of
the test and how widespread the correct responses were in terms of type of
the test were investigated assuming that the first tiers form an ordinary

multiple choice test, and both the first and second tiers form a two tier test.

3.6 Assumptions

There are several assumptions in this study. They can be listed as:

1. Drawing a sample size 10 times larger than the test items is enough for
item analysis (Schwab, 2005).

2. Subijects, took the open ended questionnaire and the SECDT, were

completely sincere in answering the questions.
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CHAPTER 4

RESULTS

In this chapter, the results of the interviews, the open-ended exam and

the SECDT are given by means of three different sections.

4.1 Analysis of the Interviews

Interview results revealed what are the common misconceptions
students hold, and if there are any different misconceptions from the
literature. In this section, it is managed to present the results in a logical
order.

In general, inability to use some important terms properly was
widespread among the interviewees. When the students were asked with
what a battery does in an electrical circuit, a wide range of responses were
obtained such as it provides a circuit with current, electricity, power,
energy, etc. This situation indicates that students cannot use the physical
terminology properly, that is, electricity, current, energy and power are
interchangeable terms for them.

The students had also some other difficulties such as in determining the
direction of current, identifying the resistance or equivalent resistance,
discriminating serial, or parallel combination, etc. Even, when the question

was how a bulb lights up, most of the students could not give any answers.
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In the following sections, the misconceptions detected during the
interviews are presented in consequence of some significant episodes from

the interviews.

4.1.1 Sink model

One of the time consuming questions in the interviews was the first
question which requests to light a bulb providing the interviewees with a
battery and one or several pieces of wires. Because, most of the students
were not able to light up the bulb at once and tried several connections
until succeeding in lighting. Most of the students managed to remember
how their science teacher had lit up the light bulb in the elementary school,
and they tried to imitate what their science teacher had done. Some
students first tried only one connection between the battery and the light
bulb as suggested in the sink model, and then they tried some other
connections. The most common connections are shown in Figure 4.1. The
correct connection D used to be formed mostly after trying other types of

connections shown in the figure.

(A) (B (€] (o

Figure 4.1 Drawings Representing the Students” Connections
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4.1.2 Attenuation model

The rest of the questions were about some electrical circuit drawings on
a paper shown to the interviewees. It is suitable to present some important
episodes from the interviews in order to avoid frustrating the reader with
excessive details and making the deductions about the misconceptions
culled from the interviews concrete.

An episode from the interview with Cagri, a tenth grade student at
Polath Anatolian High School, is a sufficient example of attenuation model.

It is about the diagram shown in Figure 4.2.

Figure 4.2 Diagram in the Episode from the Interview with Cagr1

Researcher I: Can you compare the brightness of bulb A and B?
Interviewee (I): Bulb A lights more [brightly].

R: Why do you think so?

I: Because, it [bulb A] first takes the electricity, then the rest of the
electricity goes through bulb B.

R: Ok! Can you compare the magnitude of the currents at points 1, 2 and 3?
I: Current! [The current at point] 1 is bigger [than the current at 2], [the
current at] 2 is bigger [than the current at] 3.

R: Why do you think so?

I: Again in the same way [The bulbs consume the current].
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Briefly, Cagr1 had the idea that bulb A takes the current first, consumes
some of it, then the current reaches bulb B, it consumes some current too,
and finally the rest of the current returns to the battery with a less

magnitude; that is, the attenuation model.

4.1.3 Shared current model

The following episode is extracted from the interview with Ferhat, a
ninth grade student at Polatli Atariirk High School. It is again about the
question in Figure 4.2 and Ferhat assumes the direction of current from the

negative terminal to the positive one.

R: Can you compare the brightness of bulb A and B?

I: Both [of bulb A and B] light equally [in brightness].

R: What is the reason?

I: The circuit [current] goes in the same direction.

R: That is!

I: Their [the bulbs’] connections, sir.

R: Their connections [paths on which the bulbs are] are the same [, aren’t
they]? That is, they are on the same paths [, aren’t they]?

I: Yes.

R: Ok! How does being on the same path affect [the brightness]?

I: The same [amount of] energy is given to both [of the bulbs] by the wires.
R: Ok! What about the amount of current at points 1, 2 and 3?

I: [The current at] 3 is big, this [current at 2] is the medium, [the current at]
1 is the smallest.

R: That is, the current at 3 is bigger than [the current at] 2 and [the current]
at 2 is bigger than [the current at] 1 as going from the negative [terminal] to
the positive [terminal].

I: Yes.

R: Ok! What is the reason?

I: This [bulb B] is in contact with the wire [from the negative terminal]
directly, and this [the current at point 1] decreases as [the bulbs] take
electricity from these [wires on which points 3 and 2 are].

It is obviously that Ferhat held the shared current model. That is, in
brief, the bulbs are equally bright and the current lessens as traveling from

one terminal to the other.
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4.1.4 Clashing current model

Another common misconception was clashing current model in which
the electricity from the positive terminal and the electricity from the
negative terminal meet in the bulb, thus lighting up it by clashing. The
episode from the interview with Gokge, a ninth grade student at Anatolian

High School, indicates directly this misconception.

R: ...Do you have an idea about how a bulb lights up? It radiates, does not
it? Can you give information about it?

I: Are you asking how a bulb works?

R: Yes, I am asking how a bulb works.

I: Because here [part of the bulb wires touch] is made of metal, it conducts
electric current. There are wires, conducting wires inside [the bulb]. Here
[inside the bulb], there is blue something. I think, there, when coming two
currents meet, [they] clash, electricity radiates at last.

As it can be apparently understood from the episode, Gokge thought
that a light bulb lights since electricity from positive and negative terminals

meet and clash. This is exactly the clashing current model.

4.1.5 Empirical rule model

Empirical rule model was observed among several students too. An
episode, is exactly a sign of empirical rule model, is from the interview
with Tarik, a preparatory student at Atatiirk Foreign Language Based

School. The diagram which the question is about is shown in Figure 4.3.

R: ... Can you compare the brightness of bulbs A and B?

I: We can compare the brightness of bulbs A and B as that, because
coming electric current first passes through bulb A, the brightness
of bulb A will be greater than the brightness of bulb B. So, [bulb] A
lights more brightly.

R: Ok! Why does the current first pass through bulb A?
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I: Because, bulb A can more easily take the electricity due to being
closer to the battery.

As it can be seen in the episode, being closer to the battery is assumed to

make a bulb brighter. Therefore, this indicates an empirical rule model.

Figure 4.3 Diagram in the Episode from the Interview with Tarik.

4.1.6 Short circuit misconception

The most common misconception observed during the interviews was
short circuit misconception in which a single wire without any electrical
devices such as bulb, resistance, etc. is ignored within a circuit. For
example, almost none of the students could answer the question requesting
to rank the brightness of bulb A in the first diagram and bulb A in the
second diagram in Figure 4.4. Most of the students assumed bulb A in the
second diagram to be brighter and ignored the empty wire in the circuit.
Only a few students realized that bulb A in the second diagram does not

light as bulb A in the first diagram lights.
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Figure 4.4 Diagrams Used for Assessing Short Circuit Misconception

4.1.7 Power supply as a constant current source

In the interviews, students were wanted to compare the amount of the
currents at point 1 in first diagram and the point 1 in the second diagram
in Figure 4.5. Most of the students said they were the same assuming that
identical batteries provide an electrical circuit with the same amount of
electric current. As an example, an episode from the interview with Serap, a
tenth grade student at Polatli Foreign Language Teaching High School, can

be presented.

R: ... Can you compare the amount of current at point 1 in the first
diagram and point 1 in the second diagram?

I: [They are] the same.

R: Why do you think so?

I: Both of the currents leave the battery from the positive terminal and in
here [at the junction division in the second diagram], there will be a change
due to the junction division.

R: You say that it [the current at point 1 in the second diagram] changes
after passing through the junction! Ok! Are the currents leaving identical
batteries the same?

I: [They are] the same.

As most of the students in the interviews, Serap assumed that the

batteries in both of the diagrams supply the same amount of current.
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Figure 4.5 Diagrams Used for Assessing Power Supply as a Constant

Current Source

4.1.8 Parallel circuit misconception model

The question in Figure 4.6 was asked during the interviews. When the
change in the brightness of the bulb was asked in case of closing the switch,
most students were not able to give any answers. And then, what they
knew about the equivalent resistance of the circuit was asked. In that case,
most students said they did not know anything about it. Consequently, it
means that the question assesses a lack of knowledge rather than a

misconception.

A
Ly 2 3

Figure 4.6 Drawing Used for Assessing Parallel Circuit Misconception
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As it has been said at the first section of this chapter, students mostly
had difficulties in identifying resistance or equivalent resistance during the
interviews. In fact, this misconception was extracted from the literature
review as most of the other misconceptions. However, inability to use the
knowledge that adding a resistance in parallel into a circuit decreases the
amount of equivalent resistance seems to be due to a lack of knowledge
rather than a misconception. Since equivalent resistance is a kind of
knowledge that is taught in the instruction using formulas. So, students
utilize the formulas in case of a problem asking for equivalent resistance
and they mostly do not know the knowledge that adding a resistance in
parallel into a circuit decreases the amount of equivalent resistance. That is
to say, in the literature, all incorrect answers to the questions designed for
assessing this misconception were accepted as misconception, even as a
very common misconception. However, most of the incorrect answers seem
to be because of a lack of knowledge rather than a misconception.

Briefly, this misconception was not observed during the interviews
properly. Students gave incorrect answers. However, they were due to lack
of knowledge rather a misconception. Even so, two items (2 and 11) were
designed for assessing this misconception because of the literature review

findings, not because of the interview findings.

4.1.9 Sequential reasoning

The diagram in Figure 4.7 was used during the interviews so as to
assess the sequential reasoning. First, the change in brightness of bulb A
was asked in case of a decrease in only the magnitude of resistance Ri.
Then, the change in brightness of bulb A was asked in case of a decrease in

only the magnitude of resistance Ro.
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Figure 4.7 Drawing Used for Assessing Sequential Reasoning

Most of the students having the idea that the direction of current is from
the positive terminal to the negative one thought that a decrease in the
magnitude of resistance R: does not affect the brightness of bulb A as a
decrease in the magnitude of resistance Ri affects. Besides, most of the
students having the idea that the direction of current is from the negative
terminal to the positive one thought that a decrease in the magnitude of
resistance Ri1 does not affect the brightness of bulb A as a decrease in the
magnitude of resistance R: affects. Briefly, a sequential reasoning model

was commonly observed during the interviews.

4.1.10 Local reasoning

The diagram in Figure 4.8 was used during the interviews to assess the
local reasoning. Amounts of the currents I, I. and Is were asked (all the
bulbs are identical). Incredibly, most of the students stated that they were
0.3, 0.3, and 0.6. The reason for such an answer was that the current on the
main path was assumed to divide into two equal amount of current at the
first junction and the rest was also assumed to divide equally at the second
junction. Such an approach to this question indicates that students
concentrate on a point within a circuit rather than a global interpretation of

the circuit.
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Figure 4.8 Diagram Used for Assessing Local Reasoning

4.1.11 Confusion between current flow and water flow

While interviewing about the diagram in Figure 4.9, an interesting
thinking was exhibited by several interviewees.

The question was to rank the currents at points 1, 2 and 3 in amount.
Several students told that the current at 1 is the biggest, the current at 3 is
slightly smaller than the current at 1, and the current at 2 is the smallest
(I>Is>I2). Their reasoning was that most of the current at 1 goes straight into

the path at which point 3 is.

Figure 4.9 Diagram Used for Assessing Current at Junction Divide
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That is, some students assume a relationship between the current flow
in conducting wires and water flow in water pipes. Indeed, it is very
reasonable for students to think in such a way because it is very common
using analogies based on water flow during physics instruction or in text

books with the aim of making current flow more concrete for students.

4.1.12 Vibrating tungsten filament

One of the questions in the interviews was how a light bulb lights up.
Most of the interviewees were seen to have difficulty towards this question
because they had never learned or thought it before. Some students tried to
explain how a bulb lights up saying that current passes through the bulb
and it lights. However, they also could not explain it in detail.

Two of the interviewees, Firat and Merve, gave an interesting answer.
They thought that the tungsten filament in the light bulb vibrates, thus
lighting up. This reasoning may be because of a misinterpretation of

clashing electrons in tungsten filament.

4.2 Analysis of the Open Ended Questionnaire

The analysis of the open ended questionnaire is exhibited by means of

two subsections; categorization, and analysis of categories.

4.2.1 Categorization of responses given to the Open Ended Questionnaire

After administering the open ended questionnaire to 99 students and
collecting the results, each student response was assigned to an appropriate
category according to similarities in meaning. That is, meaningfully similar

responses to an item formed a category; thus resulting in several categories
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for each item in the questionnaire (see Appendix E). Table 4.1,

summarizing the categories for each item, was designed in the purpose of

avoiding the reader boring with the details in Appendix E.

Table 4.1 Summary of Categories for Each Item on the Open-Ended

Questionnaire
Z
£ g
= = . g
= 4 Category Titles =
= > &
= | g
g =
=
S)
A piece of wire must be connected from the negative
1 terminal of the battery to the upper metallic side of the bulb 78
so that current passes through the bulb
2 | The battery and the bulb are in contact 11
3 The positive terminal of a battery can light up a bulb, but not 5
| the negative terminal
4 | The negative terminal of a battery produces electricity 4
A wire must be connected from the negative terminal of the
5 battery to the upper metallic side of the bulb so that “+” and 2
“-” charges meet in the bulb
6 | Deficient or not meaningful 2
2 - None of categories was revealed -
3 1 The current in the branch leaving the battery divides into 6
other branches in such a way that the same amount of current
passes through each bulb because three identical bulbs are in
parallel combination
2 | After the current divides equally into two branches at the first | 24
junction, the current again divides equally into two branches
at the second junction
3 The further away the branch is from the battery, the smaller 3
the amount of the current
4 Deficient or not meaningful 40
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Table 4.1 (continued)

The currents with the same amount from the batteries has not 14
been consumed yet in both of the figures

In both of the figures, potential differences supplied by the 3

batteries are the same, but the equivalent resistance in the

second figure is bigger

Current in the first figure is smaller because there is one bulb 4
in the first figure, whereas there are two bulbs in the second

figure

Current in the first figure is bigger because two bulbs in the 16
second figure share the current

Currents in both figures are the same because current is 5

constant at any point in circuits with serial combination

Deficient or not meaningful 28
Currents at all points are the same and bulbs A and B are the 30
same in brightness

The further away from the battery, the less the amount of 9

current and the brightness of a bulb

I;>I,>I; and Bulb A is brighter 11
I,=I,=I; and Bulb B is brighter due to being closer to the 2

battery

I;>I,>1; and Bulb B is brighter due to being closer to the 1

battery

I,>I,>I; and Bulbs A and B are the same in brightness 1

Deficient or not meaningful 15
It is bigger in Figure 6 because there are more bulbs in Figure | 28
7

It is bigger in Figure 7 because the equivalent resistance in 7

Figure 7 is smaller

Both currents are the same in both figures because currents 39
leaving the batteries with the same amount have not been

divided into branches yet

Deficient or not meaningful 6
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Table 4.1 (continued)

7.a 1 I>L=1; 44
2 | IpL>L 11
3 Deficient or not meaningful 11
7.b 1 Bulbs A and B are the same in brightness because the same 47
amount of current passes through bulbs A and B
2 | Bulb A is brighter because bulb A is closer to the battery 14
3 Bulb B is brighter because current first passes through bulb B 6
4 | Deficient or not meaningful 1
8 1 Bulb A in Figure 8 is brighter because all of the current is 37
consumed by only bulb A in Figure 8
2 | They are the same in brightness because current is divided 7
into two branches in both figures
3 Bulb A in Figure 7 is brighter because current does not pass 28
through bulb A in Figure 8
4 Deficient or not meaningful 4
9 1 Two terminals of the battery are connected to the bulb 41
2 The bulb takes electricity from both of the positive and 18
negative terminals
3 A connection between a bulb and the negative terminal of a 1
battery is enough to light up a bulb
4 | A connection between a bulb and the positive terminal of a 1
battery is enough to light up a bulb
5 Deficient or not meaningful 1
10 1 It changes in the first case, but not in the second case because 17
only R, affects the bulb
2 It changes in the second case, but not in the first case because 1
only R, affects the bulb
3 It does not change in both cases 8
4 | Deficient or not meaningful 10
11 1 Rk >Run 33
2 Rir=Rmn 4
3 R <Rmn 1
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Table 4.1 (continued)

12 1 Yes, it lights up 51
2 No, it does not light 28
13 1 I;>I3>1, because most of the current passes straight the 10

branch at which point 3 is on

2 | I;>L,=Iz3because current divides equally at the junction 36
3 Deficient or not meaningful 2
14 1 Bulbs A and B are the same in brightness 16
2 | Bulb B is brighter 22
3 Both bulbs do not light due to short circuit 4
4 | Bulb B lights, bulb A does not light due to short circuit 25
5 Deficient or not meaningful 5

4.2.2 Analysis of the categories

There are 6 categories for the first item on the open ended
questionnaire. The third and forth categories are related with the second
category and their frequencies are very small. Therefore, the first, second
and fifth categories were used in design of the first item in the three-tier
test. The frequency of the fifth category was very small too; nevertheless it
was used because of the extensive literature and results of the interviews.

The second item on the open ended version could not have been
answered by most of the examinees. Some had tried to answer by means of
formulas; however they could not have succeeded because the solution of
the question requires a conceptual understanding rather than a quantitative
solution. Inability to solve the question may be because of having been
motivated to always solve such questions related to equivalent resistance
by means of the formulas during physics instruction. Therefore, they could

not use the knowledge that adding a resistance within a circuit in parallel
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decreases the equivalent resistance in order to solve the question. As a
result, the item did not reveal any categories because there were no any
properly given responses, and so, this item was not included in the three-
tier test.

There are four categories for the third item on the questionnaire. The
second category is far common than the first category which is the correct
response. The third category has a very low frequency. However, the
frequency of the forth category including deficient or meaningless
responses attracts attention. When investigating the responses in the
category in Appendix E, it seems to be because of a common cheating due
to perhaps being very difficult.

For the forth item, there are three categories with a high frequency.
However, one of them is again the category including deficient or
meaningless responses. After a profound investigation by means of
Appendix E, it seems to be on account of lack of knowledge. Also, very low
frequency of category 2 attracts attention.

The highest frequency for the fifth item belongs to category 1 which
includes correct responses. Also in this question, the category including
deficient or meaningless responses has a high frequency, and it seems to be
due to inconsistent conceptions or lack of knowledge.

In the analysis of the categories for item 9, only two main categories are
observed. One may be assumed to include correct explanations, and the
other includes responses indicating clashing current model. This item was
excluded from the three-tier test seeing that there were not enough
categories and the latter category was also observed in item 12.

In item 10, there is no any category of correct responses and other
categories indicate sequential reasoning. Also, there are lots of blank
responses as well as a high frequency of the category of deficient or

meaningless responses.
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Item 11 revealed an interesting result. Almost all of the given responses
were correct. However, more than half of the students had not given any
responses. That is, students who know the required formula of equivalent
resistance, could solve the problem properly, nevertheless, the others could
not. Therefore, this item was also excluded from the three-tier test because
it seems to assess factual knowledge rather than a conceptual

understanding.

4.3 Analysis of the SECDT

A test has two important characteristics as validity and reliability.
Validity of a test is usually established by qualitative techniques, although
there are a few quantitative techniques for establishing validity. In this
study, some quantitative techniques were used to establish the validity of

the SECDT in addition to some qualitative techniques.

4.3.1 Validity and Reliability of the SECDT

In the purpose of statistically establishing the validity of the SECDT,
mainly three quantitative techniques were used.

First of all, the correlations between student scores on the first two tiers
(scores-2) and confidence levels on the third tiers were investigated,
because it is expected on a properly working test that students with higher
scores are more confident about the correctness of their answers if they
properly understand what they read on a test (Cataloglu, 2002).

Table 4.2 shows the correlation between scores-2 and confidence levels.
There is a significant correlation (0.508) between student scores and
confidence levels. It means that students with high scores generally have

higher confidence levels than students with low scores.
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Table 4.2 Correlation between Scores-2 and Confidence Levels

Confidence Levels

Scores-2  Pearson Correlation .508**
Sig. (2-tailed) .000
N 124

**. Correlation is significant at the 0.01 level

However, the correlation coefficient is not so high although it is
significant. This reason can be investigated using the scattergram of scores-
2 vs. confidence levels in Figure 4.10. In the figure, number of students at
each pedal can be observed. Each single pedal represents one student.
Nevertheless, there are also some sunflowers (a pedal and two or more
lines around the pedal) apart from the pedals. At the sunflowers, each line
represents one student. For example, a sunflower with three lines around it
indicates three students. At the right-bottom side of the graph, there are
some students with high confidence levels in spite of their low scores.
Those students are mainly the reason of medium correlation coefficient.
Those students are confident about their wrong answers, some of which are
misconceptions. Indeed, it is a sign of that some students hold resistive
misconceptions as well as some students who answered the questions by
chance. Another reason for the medium correlation coefficient is related to
the students at the right-upper side of the graph. Those students who have
quite high scores (above 8) are not expectable for the SECDT because they
are quite above the mean score (2.93). Additionally, the low slope of the
line in the figure indicates that students’ confidence levels are generally

more than their scores.
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Figure 4.10 Scattergram of Scores-2 vs. Confidence Levels

The second quantitative technique for establishing the validity of the
SECDT includes two factor analyses. The first factor analysis was
conducted because of that related questions would result in some
acceptable factors by means of the correct responses to all three tiers
(scores-3). The second factor analysis was conducted to make possible
related misconceptions result in acceptable factors by means of the
misconceptions according to all three tiers (misconceptions-3).

When the correlation matrix of the factor analysis, which was
conducted using scores-3, was examined, 15 of 28 correlation coefficients
were observed to be over 0.30 in one side of the diagonal in the matrix.

Table 4.3 shows KMO measure of sampling and Bartlett's test of
sphericity. The KMO indicates a meritorious value, 0.818. And, the

probability associated with the Bartlett’s test of sphericity (p-value) is less
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than the significance level. Hence, it is rejected that the correlation matrix is
an identity matrix. This result means that test items are generally not

independent from each other.

Table 4.3 SPSS Output Showing KMO and Bartlett’s Test
KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling

Adequacy. .818

Bartlett's Test of Approx. Chi-Square 221.565

Sphericity df o8
Sig. .000

Also, anti-image correlations were investigated so that all the KMO
measures of sampling adequacy for each variable were greater than 0.50,
which is the least acceptable value. Variables with KMO values less than
0.50 were removed from the analysis. Thus, items 9 and 10 were removed
from the analysis.

Next, each item’s communality value was investigated to be more than
0.50, and Item 1 whose communality was 0.44 was removed from the
analysis. Also, cumulative percent of variance accounted for was arranged
as 70% by changing the eigenvalue from 1 to 0.9. Afterwards, item 2 was
removed because it remained alone in one of 4 yielded factors. At the end
of the analysis, the cumulative percent of variance was 65% and
communalities of the completed factor analysis were as shown in Table 4.4.

As a result, three factors were obtained according to Table 4.5. In the
table, values less than 0.10 are not shown. Items in each factor (component)
can be said to be related according to the factor analysis. For example,

items 8, 4 and 12 are related according to the analysis.
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Table 4.4 SPSS Output Showing Communalities

Communalities

Initial Extraction
Item 3 1.000 .649
ltem 4 1.000 .664
Item 5 1.000 .698
Item 6 1.000 .669
ltem 7 1.000 578
Iltem 8 1.000 719
Item 11 1.000 .670
Item 12 1.000 .564

Extraction Method: Principal Component Analysis.

Table 4.5 SPSS Output Showing the Rotated Component Matrix

Rotated Component Matri®

Component
1 2 3

Item 8 .822 197
ltem 4 791 191
Item 12 .691 .276 .101
Item 6 .215 .787
Item 11 .238 779
Item 7 .460 .599
Iltem 5 .186 -.196 791
Iltem 3 .332 731

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.

a. Rotation converged in 6 iterations.

Before mentioning about the details in interpretations of the factors, it is
beneficial to review the physics textbook, ninth grade students read, for
detecting the qualitative dimensions of simple electric circuits. From the
review of the textbook by Kalyoncu and Cakmak (2000, p. 97) and in the
light of the literature review, following five qualitative dimensions (QD)

were determined. They are as follow:
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1. Identifying complete circuit (Items 1 and 10)
Identifying short circuit (Items 8 and 12)
Understanding the factors affecting the resistance of a conductor

Understanding Ohm’s Law (Items 3 and 5)

M

Understanding current in electrical circuits
a. Current in series circuits (Items 4, 9)
b. Current in parallel circuits (Item 7)

c. Current in main branch and parallel branches (Items 2, 6 and 11)

These qualitative dimensions of simple electric circuits permitted the
researcher to interpret the yielded factors. Consequently, Table 4.6 was
prepared so as to present the interpretations of each factor.

As a result, 4 of 5 qualitative dimensions are assessed by the SECDT. In
general, it can be said that most of students” qualitative understanding of
simple electric circuits is assessed by the SECDT. But, is this assessment
reliable enough? In order to answer this question, the Cronbach alpha,
which is an internal reliability coefficient, was estimated using student
correct answers according to all three tiers (scores-3) and it was found to be
0.69. So, it can be said that at least 69% of variance of total scores-3 is owing
to the true score variance (Marx, 1998). That is, the SECDT scores are
reliable measure of students’ qualitative understanding of simple electric
circuits. In other words, high scores on the test mean high qualitative
understanding of simple electric circuits, and low scores mean low

qualitative understanding.
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Table 4.6 Interpretations of the Factors Extracted from Table 4.5

Factor Name (Interpretation)

Items 8 and 12 require students to identify the
short circuit for giving correct answers (QD2).
Item 4 requires understanding current in a series
circuit (QDb5a). That is, it is reasonable that items 8
and 12 enter the same factor. But, it is not
reasonable that item 4 enters this factor. The
Cronbach alpha reliability for items 8 and 12 is
0.69.

Items 6 and 11 assess students’ understanding of
current in main and parallel branches (QDb5c).
Item 7 assesses students’ understanding of current
in parallel circuits (QD5b). Even so, this factor is
very reasonable because QD5b and QD5c are

much related.

Item(s)
1] 8412
®
2
Q
(]
=1l 216117
3 3,5

Items 3 and 5 require understanding Ohm’s Law
properly for giving the correct answers (QD4).
Circuit connections are series and parallel,
respectively; however, they both require ranking
currents at two different circuits. That is, this

factor is also a reasonable factor.

As a result, 4 of 5 qualitative dimensions are assessed by the SECDT. In

general, it can be said that most of students’ qualitative understanding of

simple electric circuits is assessed by the SECDT. But, is this assessment

reliable enough? In order to answer this question, the Cronbach alpha,

which is an internal reliability coefficient, was estimated using student

correct answers according to all three tiers (scores-3) and it was found to be
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0.69. So, it can be said that at least 69% of variance of total scores-3 is owing
to the true score variance (Marx, 1998). That is, the SECDT scores are
reliable measure of students’ qualitative understanding of simple electric
circuits. In other words, high scores on the test mean high qualitative
understanding of simple electric circuits, and low scores mean low
qualitative understanding.

Moreover, it is beneficial to estimate the reliability of each factor by
means of Cronbach alpha. The reliability coefficients were estimated to be
0.75, 0.73, and 0.24, respectively for the first, second and third factors.
Because item 4 is thought to be irrelevant from the first factor, the reliability
coefficient of the first factor was estimated again by not including item 4 in
this factor and it was found to be 0.69. The coefficients indicate that the use
of the first factor (items 8 and 12) for assessing if students can identify short
circuit yields reliable results. Also, the use of the second factor (items 6, 7
and 11) for assessing students” understanding of current in parallel circuits
yields reliable results. On the other hand, the use of the last factor (items 3
and 5) for assessing students” understanding of Ohm’s Law does not yield
as reliable as results. However, in this instance, it should not be forgotten
that the number of test items can affect the reliability estimates. That is, first
two factors yielded quite good reliability coefficients although there are 2
or 3 items in these factors. However, the reason of low reliability coefficient
may be the small number of items in the last factor. Aubrecht and Aubrecht
(1983) reported the following Spearman-Brown formula for estimating a
new reliability coefficient in case of a hypothetical increase in the number

of test items.

r’——fr
1+ (f=Dr
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In this formula, r is the reliability of the original test, 7’ is the reliability
of the test lengthened by a factor f. For example, if a forty-item test is added
10 items, then f becomes 5/4. Using this formula, a new reliability
coefficient can be estimated in case of a hypothetical increase in the number
of items in the third factor whose r is 0.24. When 10 items are added in the
factor hypothetically, f becomes 6. And, r’ is calculated as 0.66. That is, the
small number of the test items in the third factor may be the reason for such
a low reliability coefficient.

Moreover, a factor analysis was conducted using the most successful 50
students’ scores because Hestenes and Halloun (1995) suggested that factor
analysis to yield better results using successful students” scores. However,
the Bartlett’s test of sphericity failed to reject the null hypothesis that the
correlation matrix is an identity matrix (p>0.001). So, factor analysis could
not be conducted.

As was previously mentioned, a factor analysis was also conducted for
the students” misconceptions on the SECDT (misconceptions-4). However,
p-value of the Bartlett’s test of sphericity was estimated as 0.003 (more than
0.001); therefore, the null hypothesis that the correlation matrix is an
identity matrix cannot be rejected. That is, all misconceptions found to be
independent from each other, and any factors were not obtained as a result
of the factor analysis whereas some misconceptions may be thought to be
related according to the literature. For example, Shipstone et al. (1988)
reported the power supply as a constant current source model to be an
example of the local reasoning because of focusing on a point in a circuit
and ignoring whatever happens elsewhere. Also, the Cronbach reliability
was estimated for misconceptions-4; however, it was found as 0.33. That is,
only 33% of variance of total misconceptions is owing to variance of true

misconceptions.
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In the light of the suggestions of Hestenes and Halloun (1995), a factor

analysis conducted using the most successful students” misconceptions to

get better results. It yielded the results in Table 4.7. Cumulative percent of

explained variance was 73.56%.

However, these factors are not as expected. Although misconceptions 8

and 5 are statistically quite related, any qualitative relationship between

them is not expected. And, misconceptions 11 and 10 seem to be inversely

related statistically. Nevertheless, a positive relationship is expected

qualitatively because students holding one or both of these misconceptions

focus on a point in the circuit and ignore whatever happens elsewhere.

Table 4.7 Result of Factor Analysis with Successful Students’

Misconceptions-4

Rotated Component Matri®

Component
1 2 3
M8 914 .083 -.006
M5 .825 -.290 .058
M11 -.054 -.861 145
M10 -.287 .729 .225
M3 -117 .256 -.791
M2 -.078 .339 .739

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.

a. Rotation converged in 4 iterations.

Note:
M2
M3
M5
M8
M10 :
M11 :

: Attenuation Model

: Shared Current Model

: Empirical Rule Model

: Parallel Circuit Misconception
Local Reasoning

Confusion between Current Flow and Water Flow
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Also, misconceptions 3 and 2 are related statistically. But, this factor is
not sensible, either. As Shipstone (1988) reported, these misconceptions are
almost the same except for the different student thoughts about the
brightness of identical bulbs in series. As previously mentioned, the
reliability of misconceptions-4 is very low. That is, indeed, misconception
scores used for the factor analysis do not soundly represent true student
misconceptions. These unexpected factors may be yielded due to deficient
sample size in the analysis (only 50 students) and unreliable misconception
scores.

Third, the proportions of false positives and false negatives were exactly
estimated using the result of the SECDT. Because, Hestenes and Halloun
(1995) reported that factor analyzing test results is related to content
validity of a test, and another way for establishing the content validity is to
minimize the probabilities of false positives and negatives. They used
follow-up interview results for observing the probabilities of false positives
and negatives. However, it is a fact that not only interviewing all the
students who have taken the test but also interviewing an enough number
of students for generalization are very difficult and time consuming.
Therefore, the three-tier tests have a big advantage for estimating
proportions of false positives and negatives because not only student
responses to the first tier but also their reasoning are available from the test
results. Thus, the proportions of false positives and negatives were
estimated using scores-1 (answers) and scores based on only second tiers
(reasons). That is, if a student’s answer for a first tier is 0 (incorrect) on
scores-1, and his / her reason is 1 (correct) on scores based on only second
tier, then it was coded as 1 for indicating false negatives. In the same
manner, 1-0 pairs were coded as 1 for indicating false positives. All of these
processes were done by using Excel. The rest was to estimate each student’s

false negatives and positives, respectively by summing each student’s 1-
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values. Thus, sum of all students’ false negatives gave the total number of
false negatives, and sum of all students’ false positives gave the total
number of false positives. Finally, the proportions of false positives and
negatives to the total number of answers were estimated. The proportion of
false negatives was estimated as 10.82%. This is an acceptable value for
content validity because Hestenes and Halloun (1995) suggested the false
negatives and positives to be less than 10%. The reason for false negatives
can be only due to student inattention on the test because of powerful
distracters culled from the interviews and the open ended questionnaire.
However, the proportion of false positives was estimated as 17.47%. Of
course, it was inevitable to find such a result because students have a
chance to give responses randomly in all multiple choice tests.

Table 4.8 presents the overall descriptive statistics based on scores-3 and
misconception scores-4, respectively. The mean of the scores is 2.93 and
standard deviation (SD), which is a measure of the spread of scores, was
found to be 2.35. Besides, standard error of the mean for the scores is 0.21,
that is, it can be 95% confident that true mean of the scores is between 2.51
and 3.34. And, standard error of the measurement (SEM) is 1.31, that is, it
can be 95% confident that true score of a subject whose score was 7 on the
test is between 4.38 and 9.62. The mean of the misconception scores was
2.83, the SD was 1.60, the standard error of the mean was 0.14, and the SEM
was 1.31; but, the small reliability coefficient of misconceptions-4 attracts
the most attention at first glance as previously mentioned. What are the
reasons for such a small coefficient for misconceptions-4 as scores-3 yielded
a moderate value? There are several factors affecting the reliability
coefficient such as test length, homogeneity, spread of scores, difficulty of
test, objectivity (Gronlund & Linn, 1990). In the purpose of explaining this
question, first, comparing standard deviations was thought. However,

maximum scores must be the same so as to do it. Therefore, scores-3 and
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misconceptions-4 were transformed into their percentages, respectively, so
that maximum values of both were made 100. Then, standard deviations
were estimated as 18.8 and 13.7, respectively. That is, the spread of scores is
larger than the spread of misconceptions. This may be an explanation for

the misconceptions” small reliability coefficient.

Table 4.8 Overall Descriptive Statistics

Scores-3  Misconception-4

No of Students 124 124
No of Items / Misconceptions 12 11
Mean 2.93 2.83
Standard Deviation 2.35 1.60
Standard Error of the Mean 0,21 0.14
95 % Confidence Interval for Mean ~_ -OWe 2.51 2.55
Uppe 3.34 3.11
Variance 5.50 2.55
Skewness 0.72 0.14
Kurtosis -0.07 -0.65
Minimum 0.00 0.00
Maximum 10.00 7.00
Median 3.00 3.00
Reliability (Coefficient Alpha) 0.69 0.33
Standard Error of the Measurement (SEM) 1.31 1.31

Second, all students were ordered in a way that students with high
scores were at the top and students with low scores were at the bottom.
Next, each misconception proportion of 27% of the students at the top and
each misconception proportion of 27% of the students at the bottom were
estimated. Then, the differences were estimated and they were as in Table

4.9. Briefly, the technique for estimating the discrimination index was used.
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Table 4.9 Discriminations Indexes of each Misconception Based on All

Three Tiers

Indexes
M1 : Sink Model -0.09
M2 : Attenuation Model -0.03
M3 : Sharing Current Model - 0.06
M4 : Clashing Current Model 0.17
M5 : Empirical Rule Model -0.09
M6 : Short Circuit Misconception 0.06
M7 : Power Supply as a Constant Current Source Model 0.54
M8 : Parallel Circuit Misconception 0.00
M9 : Sequential Reasoning 0.11
M10 : Local Reasoning 0.40
M11 : Confusion between Current Flow and Water Flow -0.14

As a result, all misconceptions except seventh and tenth misconceptions
are common among all students. However, the seventh and tenth
misconceptions are surprisingly more common among successful students.
In other words, the sample seems to be homogeneous with respect to the
misconceptions. This may be the reason for small reliability coefficient.

Figure 4.11 shows the histograms of scores-3 and misconceptions-4.
Right-skewness of the first histogram means the difficulty of the SECDT
because most of the students got low scores on the test. The second
histogram is closer to the normal distribution because most of the students’

misconceptions are about the mean.
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Figure 4.11 Histograms of Scores-3 and Misconception-4

Moreover, Table 4.10 gives the results of the item analysis based on
scores-3. In the table, Prop. Correct is the difficulty level which is the
proportion of correct responses. And, Point-biserial (item-total) is the
correlation between the dichotomous test items (correct or incorrect

responses to each item) and the total student scores (Beichner, 1994). It
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gives all the information that discrimination index does. Discrimination
index is the difference between the difficulty levels of upper level students
and lower level students. In addition, upper level students are usually
determined by 27 % of the students at the top, and lower level students are
usually determined by 27 % of the students at the bottom of an ordered
student scores (Aubrecht & Aubrecht, 1983). Difficulty levels are between
0.016 and 0.492 with an average of 0.244. It means that items are very
difficult in general. And, the point-biserials are quite over 0.20 except from
item 2 with an average of 0.458. That is, item 2 can be removed from the
SECDT. When item 2 is removed, the reliability of the SECDT increases to
0.75 and mean point-biserial increases to 0.508 although the difficulty level

does not change.

Table 4.10 Output of the ITEMAN

Item Statistics Alternative Statistics
Seq. Scale Prop. Point Prop. Point
No. —Item Correct Biser. Biser. Alt. Endorsing Biser. Biser. Key
1 0-1 0.371 0.588 0.460 1 0.371 0.588 0.460 *
2 0.629 -0.588 -0.460
Other 0.000 -9.000 -9.000
2 0-2 0.258 -0.007 -0.005 1 0.258 -0.007 -0.005 ~*
CHECK THE KEY 2 0.742 0.007 0.005 2
1 was specified, 2 works better Other 0.000 -9.000 -9.000
3 0-3 0.089 0.619 0.350 1 0.089 0.619 0.350 *
2 0.911 -0.619 -0.350
Other 0.000 -9.000 -9.000
4 0-4 0.282 0.874 0.656 1 0.282 0.874 0.656 *
2 0.718 -0.874 -0.656
Other 0.000 -9.000 -9.000
5 0-5 0.016 0.612 0.196 1 0.016 0.612 0.196 ~*
2 0.984 -0.612 -0.196
Other 0.000 -9.000 -9.000
6 0-6 0.387 0.789 0.620 1 0.387 0.789 0.620 *
2 0.613 -0.789 -0.620
Other 0.000 -9.000 -9.000
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Table 4.10 (continued)

Item Statistics Alternative Statistics
Seq. Scale Prop. Point Prop. Point
No. —-Item Correct Biser. Biser. Alt. Endorsing Biser. Biser. Key
7 0-7 0.492 0.913 0.728 1 0.492 0.913 0.728 *
2 0.508 -0.913 -0.728
Other 0.000 -9.000 -9.000
8 0-8 0.210 0.934 0.661 1 0.210 0.934 0.661 *
2 0.790 -0.934 -0.661
Other 0.000 -9.000 -9.000
9 0-9 0.169 0.582 0.392 1 0.169 0.582 0.392 *
2 0.831 -0.582 -0.392
Other 0.000 -9.000 -9.000
10 0-10 0.097 0.340 0.197 1 0.097 0.340 0.197 *
2 0.903 -0.340 -0.197
Other 0.000 -9.000 -9.000
11 0-11 0.306 0.814 0.620 1 0.306 0.814 0.620 *
2 0.694 -0.814 -0.620
Other 0.000 -9.000 -9.000
12 0-12 0.250 0.850 0.624 1 0.250 0.850 0.624 *
2 0.750 -0.850 -0.624
Other 0.000 -9.000 -9.000
Mean P 0.244
Mean Item-Tot. 0.458
4.3.2 Results of the SECDT

Figure 4.12 was depicted using misconceptions-1, misconceptions-2 and
misconceptions-3. Proportion of each misconception was estimated
separately using only first tiers (misconception-1), the first two tiers
(misconception-2), and all three tiers (misconception-3).

When the figure examined, it is apparently observed that proportion of
each misconception is overestimated by only the first tiers with respect to
the first two tiers except for the forth misconception. Furthermore, each
proportion of misconception is also overestimated by the first two tiers

with respect to all three tiers apart from the eighth misconception.
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NOTE

M1 : Sink Model

M2 : Attenuation Model

M10 : Local Reasoning
M11 : Confusion between Current Flow and Water Flow

: Shared Current Model

: Clashing Current Model

: Empirical Rule Model

: Short Circuit Misconception
: Power Supply as a Constant Current Source Model
: Parallel Circuit Misconception
: Sequential Reasoning

Figure 4.12 Misconceptions in terms of Type of the Test

Some correct answers may be due to some misconceptions. This is not

an issue for a two-tier or three-tier test because the reasoning can be

obtained and if a correct answer on the first tier is due to the correct reason

can be understood. However, it is not the case when only the first tiers

were evaluated. The proportion of it according to only the first tiers is zero

because the first tiers assessing it are correct answers and it cannot be
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known how much percent of correct answers is due to that misconception.
And, some incorrect answers may be due to correct reasons. Whereas one-
tier tests have not the ability to overcome these issues, two-tier or three-tier
tests do. That is, they can assess if correct answers are really due to correct
reasons, or if wrong answers are really incorrect reasons. Consequently,
two-tier tests and three-tests are more valid than one-tier tests.

Misconceptions 3, 4, 6, 7, 10, and 11 seem to be prevalent among the
students because their proportions are around 10% (Chen et al, 2002).
Clashing current model (M4) is the most prevalent misconception. On the
other hand, parallel circuit misconception (M8) is the least.

Another result is that about 12% of the mean proportion of the
misconceptions disappears as the type of the test changes from the one-tier
test to the two-tier test. Most of it is the proportion of false negatives.
Besides, 5% of proportion disappears as the type of the test changes from
the two-tier test to the three-tier test. It is the proportion of lack of
knowledge.

Figure 4.13 presents the proportion of correct answers for each item in
terms of type of the test. Indeed, these proportions are the difficulty levels.
Examining the figure, mean proportions are 48% and 31% separately for
the one-tier test and the two-tier test; that is, there is a 17% disappearing
value, which does not represent any misconceptions. It is the proportion of
false positives which was estimated to be about 17.47%. The difference
0.47% is due to the rounding error. Additionally, 6% is the proportion of
lack of knowledge, revealed from the third tiers. It can be concluded from
these results that multiple choice tests and even two-tier tests overestimate

the proportion of students who have the correct qualitative understanding.
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Figure 4.13 Correct Responses in terms of Type of Test

The difference between the proportions based on the first two tiers and
all three tiers gives lack of knowledge proportions for each item on the test.
For example, subtraction of 37% from 40% yields 3%, which is the
proportion of lack of knowledge for item 1. As a result, proportions of lack
of knowledge for items 2, 4, 6, 7, 9 and 11 attract attention. Items 2, 6, 7 and
11 assess students’ qualitative understanding of current in parallel circuits.

And, items 4 and 9 assess students’ qualitative understanding of current in

series circuits.
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5.1 Summary of the Results

The results of this study can be listed as follow:

1. There was a significant correlation between scores-2 and confidence
levels. In other words, students with high scores on the SECDT were
more confident than the students with lower scores.

2. Factor analysis with scores-3 yielded 3 factors, and the internal
reliabilities (Cronbach alpha) of them were 0.75, 0.73 and 0.24,
respectively. Moreover, all test items on the SECDT assess 4 of 5
qualitative dimensions of simple electric circuits, and the Cronbach
alpha reliability of the SECDT was estimated as 0.69. That is, at least
69% of variance in the total scores is owing to the variance in true
scores.

3. The reliability of misconceptions-4 was estimated as 0.33. That is, only
33% of the variance in total misconceptions-4 scores is due to the
variance of true student misconceptions.

4. TFactor analysis with misconceptions-4 yielded no factors. That is, all
misconceptions seem to be independent statistically.

5. Proportion of false negatives was estimated as 10.82%, and the
proportion of false positives was estimated as 17.47%.

6. Difference between the mean misconception proportion of the one-tier
test and the proportion of the two-tier test was 12%. And, difference
between the mean misconception proportion of the two-tier test and the
proportion of the three-tier test was 5%. 11% of 12% was false positives.
Also, 5% was the mean proportion of lack of knowledge.

7. Difference between the mean proportions of correct answers to the first
tiers and to the first two tiers was 17%. And, difference between the

mean proportions of correct answers to the first two tiers and to al the

88



10.

three tiers was 6%. That is, 17% was the proportion of false positives
and 6% was the proportion of lack of knowledge.

The SECDT yielded 6 of 11 misconceptions whose proportions were
about or over 10%.

Proportions of lack of knowledge for items 2, 4, 6, 7, 9 and 11 attract
attention. Items 2, 6, 7 and 11 assess students” qualitative understanding
of current in parallel circuits. And, items 4 and 9 assess students’
qualitative understanding of current in series circuits.

The most common misconception was clashing current model (M4).
Respectively, other common misconceptions were short circuit
misconception, local reasoning, shared current model, power supply as
a constant current source model, and confusion of current flow with

water flow.
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CHAPTER 5

CONCLUSIONS, DISCUSSION, AND IMPLICATIONS

This chapter of the study is presented by means of seven sections. The
first section is about the overview of the study. In the second section,
conclusions from the study are presented. Discussion of the results is
exhibited in the third section. Internal and external validity is accounted for
in the fourth and fifth sections, respectively. The sixth section presents the
implications of the study as the recommendations for further research are

included in the last section.

5.1 Overview of the Study

In the purpose of assessing ninth grade students” misconceptions about
simple electric circuits, a three-tier test was developed and administered to
124 ninth grade students in Polatli, the biggest outlying district of capital
Ankara. So, this study is a cross-sectional survey study.

Assessing student misconceptions is very important for effective
physics instruction. However, importance of the study is not determined
only with it because one of the main characteristics of this study is the
design and use of a three-tier test. Moreover, very limited number of three-

tier tests on physics contents emphasizes the importance of the study.
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Completely special attention was paid for developing the SECDT. First,
interviews were conducted in the light of the literature review to probe and
grasp student conceptions. Second, results from the literature and the
interviews helped the researcher develop the open-ended questionnaire.
The questionnaire was given to experts for content validation. Afterwards,
it was administered to 99 students for determining the distracters on the
desired three-tier test. Third, the SECDT was developed by means of the
item stems on the open-ended questionnaire and revealed distracters from
the open-ended questionnaire. Again, content validity was established and
the SECDT was administered to 124 subjects. And, the rest includes

statistical analyses presented in Chapter 4.

5.2 Conclusions

During the interviews, students were observed to use concepts
interchangeably such as electricity, energy, current, voltage, potential
difference, etc. It means that students have difficulty in using physics
terminology.

Also, students gave lots of wrong answers during the interviews. They
were because of lack of knowledge but mostly misconceptions.
Commonness of some misconceptions attracted attention such as power
supply as a constant current source model, short circuit misconception,
attenuation model, empirical rule model, and local reasoning. Other
misconceptions were common, too, but parallel circuit misconception. Most
of the students gave wrong answers for the question designed for assessing
that misconception. However, the reason for those incorrect answers was
not a misconception because they did not know resistance or equivalent
resistance. Some knew the concepts; but they could not answer the

questions because they were qualitative questions and students were not
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used to giving qualitative answers. That is, this misconception was not
common, and this was supported by the results of the SECDT. Chen et al.
(2002) gave attention to answers that more than 10% of students gave. The
same evaluation was done, and 10 of 11 misconceptions were observed to
be common. Also, the most common misconceptions were power supply as
a constant current source model and short circuit misconception.

There was a significant correlation between scores-2 and confidence
levels. In other words, students with high scores on the SECDT were more
confident than the students with lower scores. This is a construct-related
evidence for validity of the SECDT. The proportions of false negatives and
positives (10.82% and 17.47%) are content-related evidence for validity.
Moreover, the test had been examined by an expert for establishing the
content validity.

Factor analysis with scores-3 yielded 3 factors, and the internal
reliabilities (Cronbach alpha) of them were 0.75, 0.73 and 0.24, respectively.
That is, the first and second factors assess reliably what they assess. But, the
same cannot be said for the third factor, which includes items 3 and 5. The
small number of the test items in the third factor may be a reason for such a
low reliability coefficient. That is, 1 or 2 items assessing the same
qualitative dimension, items 3 and 5 assess, can be added in the SECDT to
increase the reliability of the third factor. Moreover, all test items on the
SECDT assess 4 of 5 qualitative dimensions of simple electric circuits.
Although most qualitative dimensions of simple electric circuits are
assessed by the SECDT, 2 or 3 items can be added for assessing the
qualitative dimension (factors affecting the resistance) which is not
assessed by the test. In addition, the Cronbach alpha reliability of the
SECDT was estimated as 0.69. In other words, at least 69% of variance in

the total scores is owing to the variance in true scores. In spite of some
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mentioned deficiencies, the SECDT scores are valid and reliable measure of
students” qualitative understanding of simple electric circuits.

The Cronbach alpha reliability was estimated for misconceptions-4, too.
However, it was found as 0.33. That is, only 33% of the variance in total
misconception scores is due to the variance of true misconception scores.
Standard deviations of total scores-3 and total misconceptions-4 were
compared as in Section 4.3.1, and standard deviation of scores-3 was bigger
than the standard deviation of misconceptions-4. In other words, spread of
scores for total scores is larger than the spread of total misconception
scores. Also, discrimination indexes for each misconception were
estimated, and 9 of 11 misconceptions found to be around 0. That is, there
were no differences between students with high scores and students with
low scores with respect to the misconceptions they hold. In other words,
the sample was probably homogeneous with respect to misconceptions.
This may be the reason of such a low reliability.

Whereas the histogram of scores-3 was right-skewed, the histogram of
misconceptions-4 was similar to the normal distribution. That is, the
SECDT was difficult and most of the students had the mean misconception
scores. Item analysis using scores-3 also indicates the difficulty of the
SECDT because difficulty levels were between 0.016 and 0.492 with a mean
of 0.244. In addition, all the item-total correlations were quite over 0.20
except from item 2. It can be concluded from this result that item 2 can be
removed from the test because the misconception and the qualitative
conception which item 2 assess are assessed by other items on the SECDT.
Also, the discrimination index of misconception 10, which is also assessed
by item 2, was 0.40. That is, successful students seem to have this
misconception more than students with low scores. By removing item 2,

this problem may be overcome.
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Difference between the mean misconception proportion of the one-tier
test and the proportion of the two-tier test was 12%. And, difference
between the mean misconception proportion of the two-tier test and the
proportion of the three-tier test was 5%. 11% of 12% was false positives and
remaining 1% was inconsistent student answers. Also, 5% was the mean
proportion of lack of knowledge. Although the misconception scores are
not reliable enough, these results indicate that three tier tests are more valid
than one-tier and two-tier tests for assessing student misconceptions.

Difference between the mean proportions of correct answers to the first
tiers and to the first two tiers was 17%. And, difference between the mean
proportions of correct answers to the first two tiers and to all the three tiers
was 6%. That is, 17% was the proportion of false positives and 6% was the
proportion of lack of knowledge. These results indicate that three-tier tests
are more valid than one-tier and two-tier tests for assessing students’
qualitative understanding.

Finally, 4 of 11 proportions of lack of knowledge about misconceptions
are over 5%, the proportion of M4 (Clashing Current Model) is the biggest.
These students selected the choices indicating a misconception on the first
two tiers; however, they were not confident about the correctness of them.
As a result, these incorrect answers were due to lack of knowledge rather
than misconceptions. As well as, proportions of lack of knowledge for
items 2, 4, 6, 7, 9 and 11 also attract attention. Items 2, 6, 7 and 11 assess
students’ qualitative understanding of current in parallel circuits. And,
items 4 and 9 assess students” qualitative understanding of current in series
circuits. That is, students confess that they did not understand current in
series and parallel circuits although they gave correct answers for the first

two tiers.
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5.3 Discussion of the Results

One important discussion is about the use of the factor analysis for
establishing content validity (Heller & Huffman, 1995; Hestenes & Halloun,
1995, Huffman & Heller, 1995). Hestenes and Halloun (1995) suggested
using successful students” scores for factor analysis because their
conceptions are more coherent. Thus, they claimed to find better results. In
this study, misconceptions-4 was factor analyzed. Any factors were not
yielded, whereas some misconceptions were reported to be related in the
literature. For example, Shipstone et al. (1988) reported power supply as a
constant current source to be an example of local reasoning. Therefore, 50
successful students’” misconceptions were factor analyzed. At the end, 3
factors were yielded, but they could not be interpreted. Also, successful
students’ scores were factor analyzed, but Bartlett’s test of sphericity failed
to reject the null hypothesis that the correlation matrix is an identity matrix.
That is, factor analysis could not be conducted. Consequently, it can be said
that using successful students’ scores for factor analysis did not yield better
results in this study.

Hestenes and Halloun (1995) said that the concerns about the factor
analysis of the FCI are related to the content validity of the FCI. Instead of
having conducted a factor analysis, they had investigated the probabilities
of false positives and false negatives for establishing the content validity.
So, in this study, the proportions of false positives and false negatives were
estimated to be 17.47% and 10.82%, respectively, and these values are
evident enough for the validity of the SECDT according to the explanations
of Hestenes and Halloun (1955). In their explanations, they reported that
the probabilities of false negatives and false positives should be less than
10%. It can be fulfilled to minimize the probability of false negative by

producing powerful distracters. However, minimizing the probability of
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false positives is not as easy as minimizing the probability of false negatives
because of some students who answer the questions on the test by chance.

Cataloglu (2002) requested a positive correlation between students’
scores and students’ confidence levels to be evidence for validity.
Therefore, the correlation was investigated and found to be 0.508, a
significant value.

Linn (1986, as cited in Heller and Finley, 1992) suggested that students’
prior knowledge includes intuitive ideas, which are resistive to change, and
peripheral ideas, which are protective belt of intuitive ideas. That is,
students have some central ideas and some peripheral ideas to defend the
central intuitive ideas. Students readily change their peripheral ideas to
defend intuitive ideas. Briefly, student intuitive ideas are inconsistent. Also,
if student conceptions are consistent was discussed by Hestenes and
Halloun (1995), and Heller and Huffman (1995). Heller and Huffman (1995)
stated that there are two possibilities about the FCI. Student conceptions
are consistent, but the FCI does not measure; or, student conceptions are
inconsistent. In the same manner, inconsistency of student misconceptions
causes low reliability of misconceptions; or, the SECDT does not assess
misconceptions reliably. Additionally, it is known from extensive literature
that the reliability coefficient, 0.69, which was estimated by using sscores-3,
is an acceptable value for indicating a valid and reliable test to assess
students” qualitative understanding; however, there is no any information
in the literature about what a reliability coefficient, which is estimated by
using misconception scores, must be at least to assess students’
misconceptions validly and reliably. Consequently, the reliability
coefficient, based on misconception scores, was 0.33, but if it validly and
reliably assesses student misconceptions is not known.

In addition, narrow spread of scores and homogeneity of the sample

may be the reason for low reliability coefficients (Marx, 1998). In this study,
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spread of scores was larger than the spread of misconceptions. And,
students with high scores had as many misconceptions as students with
low scores had. That is, the sample was homogeneous with respect to the
misconceptions. These findings may be the reason of low reliability
coefficient.

Eryilmaz and Siirmeli (2002) estimated proportions of misconceptions
about heat and temperature in terms of the first tiers, first two tiers and all
three tiers. In average, they found 46% with the first tiers, 27% with the
first two tiers and 18% with all the tiers. Subtraction of 27% from 46%
yields 19%, which is the proportion of inconsistent student answers. And,
subtraction of 18% from 27% gives 9%. In this study, the proportion of
inconsistent student answers is 1%, and the proportion of lack of
knowledge is 5% as in the study of Eryilmaz and Stirmeli (2002). Eryilmaz
and Siirmeli (2002), and Griffard and Wandersee (2001) one-tier tests and
two-tier tests overestimate the proportions of misconceptions and correct
answers. Eryllmaz and Stirmeli (2002) also reported that three-tier tests
assess misconceptions more validly than one-tier or two-tier tests. Findings

of this study also support these conclusions.

5.4 Internal Validity of the Study

Internal validity is related to if an outcome observed in a study is
actually due to the independent variable of the study, or due to an
unexpected independent variable. Fraenkel and Wallen (1996, p. 383)
indicated four main threats to internal validity of survey research; (1)
mortality, (2) location, (3) instrumentation, and (4) instrument decay. And,
mortality was said to be a threat to internal validity of longitudinal survey

studies.
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Location in which interviews were conducted and written
questionnaires were administered may affect the student responses, thus
threatening the internal validity. To control this threat during the
interviews, the same room at each school was used by paying special
attention to provide the interviewees with comfortable conditions. For
instance, all interviewees were supported with a comfortable seat, a desk,
and a silent and lightened room. For the administration of the open ended
questionnaire and the SECDT, students’ classrooms were used and the
conditions at each school were similar, that is, the classrooms had a
blackboard, seats and desks for students, a chair and a table for the teacher,
about the same wideness, the same heating conditions, etc.

Instrument decay was a threat while evaluating the open ended
questionnaire because it was long and there were 99 papers to evaluate,
that is, fatigue of the scorer was possible. In the purpose of controlling the
threat, evaluation of the papers was carried out by the same scorer and
student responses were categorized systematically.

Data collector characteristic was another threat during the interviews in
case of utilization of different interviewers. However, it was not the case
because the researcher conducted all the interviews on his own.

Another threat for the interviews was data collector bias because the
interviewer could lead student responses in the purpose of desired
outcomes from the interviews. For controlling it, a complete attention was
paid to avoid the use of leading questions. Also, student names were
questioned during the interviews and on the open-ended questionnaire but
the SECDT. However, it is believed that confidentiality was not a threat
because all the students and interviewees were informed about that
findings obtained from their answers would be used for only the purposes
of this study, and that anyone else apart from the researcher would not

know anything about their answers.
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5.5 External Validity of the Study

The external validity of a study is determined by the extent to which the
results of the study can be generalized. There are two types of external
validity, population validity and ecological validity. Population validity is
related to the degree to which a sample represents the population of
interest. And, ecological validity is the degree to which results of a study
can be extended to other settings or conditions (Fraenkel & Wallen, 1996, p.
106).

Number of ninth grade students in Polatl1 is below 1000 and the SECDT
was administered to 124 ninth grade students, that is, more than 10% of the
accessible population was included in the sample of the SECDT from three
different types of schools. Consequently, the outcomes of this study can be
undoubtedly generalized to the accessible population, which covers all
ninth grade students in Polatl.

The SECDT was administered at each school in conventional classrooms
among which there were no many differences. However, it is obvious that
there are lots of variables determining subject characteristics within a
settlement such as region, ethnicity, educational facilities, socioeconomic
status, father’s occupation, mother occupation etc. And, those variables are
beyond the scope of this study. Therefore, the need for considerable caution
must be emphasized in case someone wants to generalize the findings of

this study to another population.

5.6 Implications of the Study

Several important implications have arisen from the findings of this

study and the related studies in the literature.
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During the interviews, when interviewees were requested to light up a
bulb using several pieces of wire and a battery, they commonly said that
they had done it in laboratory at elementary school. However, they mostly
could not succeed in lighting up the bulb, and they explained why they
could not by saying that their teacher had demonstrated the required
connection but they could not remember how it had been. That is to say,
students had not been involved actively in the laboratory activity, and so
they could not remember what they had seen. Hence, teachers should
supply their students with the involvement of them in laboratory activities
rather than demonstrating the experiments.

Moreover, during the interviews, students complained about that their
teachers had not solved such qualitative questions in their classes. Also, on
the papers of open ended questionnaire, it was observed that students tried
to solve the questions by means of some computations. In addition to these,
low achievement on the SECDT indicates students’ inability to reason
qualitatively. Therefore, physics teachers should also pay attention on
qualitative reasoning rather than only quantitative reasoning.

It was also observed that students could not distinguish between some
concepts such as voltage, current, power, energy, etc. because they were
using these concepts interchangeably. Certainly, power supply as a
constant current source is a result of this issue. Consequently, teachers
should place more importance on teaching effectively such concepts so that
students are able to grasp and overcome their inability to distinguish
between them.

Results show that the SECDT can be validly and reliably used for
assessing ninth grade students’ qualitative understanding of simple electric
circuits. Therefore, teachers can use the SECDT for formative evaluation.
This will give teachers feedback about if instruction needs modification, or

if any individual or group remedial works are needed.
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Reliability of the SECDT’s misconception scores was low. Even so, the
SECDT can be used for observing how widespread misconceptions about
simple electric circuits are because the SECDT was developed in the light of
the literature review and the findings of the interviews and the open-ended
questionnaire.

It was shown that three-tier tests assess student conceptions and
misconceptions more validly than one-tier or two-tier tests. Therefore,
researchers should prefer three-tier tests in their studies.

As well as, proportions of lack of knowledge showed that students did
not understand current in series and parallel circuits. So, students must be
provided with some more attempts for making them understand it.

Finally, quite commonness of clashing current model, short circuit
misconception, and local reasoning attract attention. So, teachers should

attempt more to overcome these misconceptions.

5.7 Recommendations for Further Research

There are several recommendations offered by this study. They are
listed below.

1. The validity of the SECDT can be extended by drawing a quite larger
sample. Because, there were some issues about the ecological validity of
the study although there was no any issue about the population
validity. Also, a larger sample will indeed increase the accuracy of the
statistical analysis.

2. Consistency of student conceptions and misconceptions can be
investigated. The reliability coefficient of the scores was high enough,
whereas the reliability of misconception scores was low. This reveals
the question; What if student conceptions are more consistent than

student misconceptions conceptions?
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3. The SECDT can be used as an instrument in the purposes of various
research studies such as for measuring the effectiveness of an
instructional method. If an instructional method provides students with
qualitative understanding of simple electric circuits can be investigated
because the SECDT is a valid and reliable three-tier test for assessing
students” qualitative understanding of simple electric circuits.

4. What a reliability coefficient based on misconception scores must be at
least so as to indicate a valid and reliable misconception test is not
known. Hence, a research study can be done for finding answer for this

question.
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APPENDIX A

INTEREST AND EXPERIENCE QUESTIONNAIRE ABOUT ELECTRICITY

ELEKTRIK KONUSUNA KARSI iLGi VE TECRUBE ANKETI

Bu anket elektrik konusuna kars! ilginizi ve alandaki tecribenizi ortaya ¢ikarmak Ozere
hazirlanmistir. Latfen her soruyu dikkatle okuyup size en uygun secenedi carpi ( X ) islareti
ile belirtiniz.

1) Ad ve Soyadiniz:

2) Cinsiyetiniz:

DKIZ
[JErkek

3) Dogum tarihiniz: _ / (ay { yil)
4) Babanizin meslegi:
5) Annenizin mesledi:

6) En son dénem aldiginiz karnenizdeki fizik notunuz:

D{Jyadm
[Jeyadas
[J¢yadas

7) En fazla ilgi duydugunuz ders:
a) Fizik  b)Kimya c)Biyoloji  d) Matematik &) Diger

8) Fizik dersine ne kadar ilgiliSiniz?........cocoove i
9) Fizik dersindeki elektrik konusuna ne kadar ilgilisiniz?..................
10) Cocukken elektrikli oyuncak ve aletlerle ne kadar ilgiliydiniz?.......
11) Su anda elekirikli oyuncak ve aletlerle ne kadar ilgilisiniz?............

12) Cocukken elektrikli oyuncak tamiri ve alet tamiri isleri ile ne
Kadar ilgiliydiniz? ... ... e e e e

D D D D D Cok iIgiliyim
O O0OOoQ coxigisizim

O OOQOoQ iiym
D D D D D ilgisizim
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13) Ne kadar siklikla bilgisayar kullanirsimiz?.........ccccccoeeeevececeeeeeeeees

14) Daha &nce ilkégretim ckulu ya da lisede elektrik ile ilgili
deney YaptinZ MI7 ... e

15) Daha 6nce hig pil ve tel kullanarak lamba yakmayi denediniz mi?

16) Daha 6nce hig elektrikli oyuncak ve aletleri agip incelemeyi
denediniZ MI? ..o e

17) Daha tnce hig elektrikli alet tamir etmeyi denediniz mi? ...........
18) Daha 6nce hi¢ oyuncaklarinizi tamir etmeyi denediniz mi? .........
19) Daha 6nce hig pil sarj ettiniz mi? ............oii i
20) Daha énce hig sigorta dedistirdiniz mi? ...

21) Elektrikle ilgili deney setlerini kullanarak birseyler tretme
SANSINIZ OlAU MUT Lo e e et e

22) Eve yeni alinan elektrikli ev aletlerini kullanmay1 égrenmek igin
caba gosterir misiniz? ...

O O doood g O e
U O ODO0O0O0 OO L0 Nede
O O O0O000 OO0 O swsk
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APPENDIX B

INTERVIEW CARD

MULAKATDA KULLANILAN ELEKTRIK DEVRELERI

Sekil 1

SEKIL A

Rz

SEKIL B

Sekil 1 Sekil3
SEKILC
A s s
1 2

i

Rad 4 \Ng
- R, |

f-12a
SEKIL D SEKIL E
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APPENDIX C

INTERVIEW GUIDE

1. Giic Ceken Akim Modeli (Sink Model).

Pil ve telleri kullanarak ampulii yakabilir misin?
Pil ne amagla kullanilir?

Elektrik akimi nedir?

Elektrik akimi devreden ayrildiktan sonra ne olur?
Elektrik akimi bir ampulle karsilastiginda ne olur?
Pil veya ampulde potansiyel fark var midir?

kWD =

Carpisan Akimlar Modeli (Clashing Current Model).
Zayiflayan Akim Modeli (Attenuation Model).
Paylasilan Akmi Modeli (Shared Current Model).
Empirical Rule

L=

wekil 1

Elektrik akiminin yoniinii syleyebilir misin?

Sekil 1’deki 6zdes A ve B ampullerinin parlakliklarini karsilastirabilir misin?
Elektrik akimi pilden ayrildiktan sonra ne olur?

1, 2 ve 3 noktalarindaki elektrik akimlarinin bitytikliiklerini karsilagtirabilir misin?
Ozdes A ve B ampullerinin iizerlerindeki potansiyel farklar1 karsilastirabilir misin?

— = \O 00
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12.
13. R, direncinin yerine daha kiiciik bir diren¢ baglarsak, A ampuliiniin parlakliginda

14. R, direncinin yerine daha kiiciik bir direng baglarsak, A ampuliiniin parlakliginda

15.

16.
17.
18.
19.
20.

1. Sirasal Diisiince (Sequential Reasoning).

A
R R
w— ;

Elektrik akiminin yoniinii soyleyebilir misin?
degisiklik olur mu?

degisiklik olur mu?

1. Gii¢ Kaynaginin Sabit Akim Kaynagi Olarak Algilanmasi (Battery as a
Constant Current Source)

Kisa Devre Onyargist Modeli (Short Circuit Preconception Model).
Bolgesel Diisiince (Local Reasoning).

Carpisan Akimlar Modeli (Clashing Current Model).

Zayiflayan Akim Modeli (Attenuation Model).

Paylasilan Akmi Modeli (Shared Current Model).

AN

Sekil 1 ve Sekil 2’deki 1 noktalarindaki elektrik akimlarinin biiyiikliiklerini
karsilagtirabilir misin?

A ampuliiniin Sekil 1 ve Sekil 2°deki parlakliklarini karsilagtirabilir misin?
Sekil 2°de A ve B ampullerinin parlakliklarini karsilastirabilir misin?

Sekil 2’de 1, 2, 3 ve 4 noktalarindaki elektrik akimlarini karsilastirabilir misin?
A ve B lambalariin iizerlerindeki potansiyel farklart karsilastirabilir misin?
A lambasinin Sekil 2 ve 3’deki parlakliklarini karsilagtirabilir misin?

Bolgesel Diisiince

Paralel Devrelerde Esdeger Direng Onyargist

Gii¢ Kaynaginin Sabit Akim Kaynagi Olarak Algilanmasi
Zayiflayan Akim Modeli

b S
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A
Ly 2 3

21. Elektrik akiminin yoniinii sdyleyebilir misin?

22. 1,2, 3 ve 4 noktalarindaki elektrik akimlarini karsilastirabilir misin?

23. S anahtar1 kapatilirsa, A ampuliiniin parlakliginda degisiklik olur mu?

24. Anahtar kapatildiktan sonra, 1,2,3 ve 4 noktalarindaki akimlart karsilastirabilir misin?
25. Anahtar kapatildiginda toplam direng¢ degisir mi?

5. Bolgesel Diisiince

i=12 A

26. Sekilde iy, i, ve i3 akimlar1 kag amperdir?
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APPENDIX D

OPEN-ENDED QUESTIONNAIRE

BASIT ELEKTRIK DEVRELERI
Acik Uclu Sinav 'l

}
ADISOYADI: "l

OKULU :
SINIFI ; '
CINSIYETI :[0 Erkek [OKiz }l

I(

)

I:‘

)

If

I(

)

I:‘

4

}:‘

4

II Yinergeler '
{ I. Sinava basglamadan tnce yukanda verilen kisma adimzi, soyadimizi, okulunuzun ’
Il adini, simfimz yazarak, cinsiyetinizi isaretleyiniz. 'l
‘ 2. Butin sorulara cevap vermek igin gayret giisteriniz. Cevaplanmzi sorularn hemen ’
l altinda verilen bosluklara kursunkalem kullanarak yazimz. Cevaplanimzin sebeplerini '
I ‘ yazmay1 unutmayinz. }l
3. Devrelerde kullamilan pil ve ampuller Gzdestir.

IL 4. Devrelerde kullamlan piller ideal pillerdir. Yani, pillerin ic diren¢leri Snemsizdir. 'l
)
I:‘
If
I(
I:‘

4
I:‘
)

Sinavda Kullamlan Sembaoller '

91 = (
g : (
mo | X, J|

Lambalar | Ampul taleih duy 'l

LV-V-V-V-V-V-V-V-V-V-V-V-V-V-VJ
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SORULAR

1) Sekil 1’de gosterilen devredeki ampul 151k verir mi? Cevabinizin
sebebini agiklayiniz.

2) Sekil 2’de verilen devre parcasinda, K-L uglar1 arasindaki esdeger
diren¢ 10 ohm’dur. R; ve R; direnglerinin biiyiikliiklerini esdeger
direncin biiyilikliigii ile karsilastiriniz? Cevabinizin sebebini aciklayiniz.

3) Sekil 3’deki elektrik devresinde ana koldaki akim 1,2 A olarak
verilmistir. Buna gore, i, i, ve i3 akimlarinin biiyiikliiklerini yaziniz.

Cevabinizin sebebini agiklayinz.

13E}

)
si1=124
d@u FiL o 1!
Sekdl 3
1= A h=........ A 3= .o A.
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Sekil 4’de verilen bir elektrik devresine, Sekil 5’de gosterildigi gibi
bir B ampulii ekleniyor. 4 ve 5. sorular1 bu bilgiye gore
cevaplandiriniz.

—r[@ Fi. :-_'-1}7 44@ il 3

ekl 4 ekl 5

4) Sekil 4 ve Sekil 5°deki 1 noktalarindan gegen elektrik akimlarinin

biiyiikliiklerini karsilastiriniz? Cevabinizin sebebini agiklayiniz.

a. Sekil 5’de 1, 2 ve 3 noktalarindaki akimlarin biiytikliiklerini
karsilastiriniz? Cevabimizin sebebini agiklayiniz.

b. Sekil 5’de A ve B ampullerinin parlakliklarini karsilastiriniz.

Cevabinizin sebebini agiklayiniz.

117



Sekil 6’da bir elektrik devresi verilmistir. Ik nce bir B ampulii Sekil
7’de goriildiigii gibi devreye ekleniyor. Daha sonra B ampulii
devreden ¢ikarilarak ve onun yerine bir tel kullamilarak Sekil 8’deki
devre olusturuluyor. 6, 7 ve 8. sorulari bu bilgilere dayanarak
cevaplayiniz.

@

wekdl & ekl 7 wekdl 5

6) Sekil 6 ve Sekil 7°deki 1 noktalarindaki elektrik akimlarinin
biiyiikliiklerini karsilastiriniz. Cevabinizin sebebini agiklayiniz.

7)
a. Sekil 7°de 1, 2 ve 3 noktalarindaki akimlarin biiytikliiklerini
karsilastiriniz. Cevabinizin sebebini agiklayiniz.

b. Sekil 7°de A ve B ampullerinin parlakliklarini karsilastiriniz.
Cevabinizin sebebini ac¢iklayiniz.

8) Sekil 7 ve Sekil 8’deki A lambalarinin parlakliklarimi karsilagtiriniz.
Cevabinizin sebebini agiklayiniz.
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9) Sekil 9°da verilen elektrik devresinde ampul 151k vermektedir. Ampuliin
151k vermesini saglayan nedenleri agiklayimiz?

Seleil 9

10) Sekil 10’daki devrede birbirinden bagimsiz iki durum varsaymmz. Ik
durumda sadece 10 ohm’luk R; direncinin yerine 20 ohm’luk bir direng
baglaniyor. Ikinci durumda sadece 10 ohm’luk R, direncinin yerine 20
ohm’luk bir diren¢ baglaniyor. ilk ve ikinci durumlarda ampuliin
parlakliginda degisiklik olur mu? Cevabinizin sebebini ac¢iklayiniz.

Ik Durum: Ikinci Durum:

R,=10chm . R,=10 ohm
Loy o
AL

—du: piL ;;1}7

Seleil 10

11)R; ve R, direngleri Sekil 11 ve Sekil 12°de gosterildigi gibi
baglanmistir. Buna gore K-L uglari arasindaki Rg; esdeger direnci ile
M-N uclari arasindaki Ry esdeger direncini karsilagtiriniz. Cevabinizin
sebebini agiklayiniz.

E,
AP
Rl RE
K s ——Afit—s L, hs—] — I
E,
AR
Sekil 11 ekl 12
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12) Sekil 13’deki ampul 151k verir mi? Cevabinizin sebebini aciklayiniz.

Seleil 13

13. Sekil 14’de verilen devre parcasinda elektrik akiminin yonii ok ile
gosteriliyor. Buna gore, 1, 2 ve 3 noktalarindaki akimlarin
biiyiikliiklerini karsilastiriniz. Cevabinizin sebebini agiklayiniz.

14. Sekil 15°de gosterilen devrede A ve B ampullerinin parlakliklarini
karsilagtirinmiz. Cevabinizin sebebini aciklayiniz.

JT @, @,

3 o 1}7

Sekeil 15
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APPENDIX E

CATEGORIES BASED ON THE OPEN-ENDED QUESTIONNAIRE

Question 1

Category 1 (A piece of wire must be connected from the negative terminal of the battery to the upper

metallic side of the bulb so that current passes through the bulb)

1.

L

o ® N«

11.
12.

13.

14.

15.

16.
17.

18.

19.
20.

Isik vermez. Ciinkii ampul pilin — kutbuna bagh degil.

Calismaz. Clinkii sadece 1 ucuna baghdr.

Ampul 151k vermez. Ciinkii pilin iki ucunun da ampule baglanmasi gerekir.

Devredeki ampul 151tk vermez. Ciinkii ampul sadece pozitif tarafa baglanmis. Ampuliin 1s1k
vermesi i¢in negatif tarafa da baglanmasi gerekir.

Vermez, ciinkii baglant1 yanlistir.

Isik vermez. Ciinkii baglant1 yanls yapilmus.

Isik vermez. Ciinkii tek bir uctan baglant: yapilmus.

Sekildeki ampul vermez. Ciinkii — kutbundan ampule enerji gelmedigi igin

Isik vermez Ciinkii iki kutba da bagli degil.

Vermez. Clinkii ampule bagli olan telin — tarafina bagli olmadig; igin.

Isik vermez. Ciinkii + ve — yiikler birbirini ¢ektigi icin vermez.

Vermez c¢iinkii katot (-) yiikii ucuna bagli yapmamislar. Ciinkii 151$1n yanmasi igin (+) ve (-)
yiiklerin bagh olmas1 gerekir.

Vermez, ciinkii devredeki pilin sadece (+) kutbuna tel baglandig1 ve (-) kutbu bos oldugu igin
devreden akim ge¢mez. Bunun igin pil 151k vermez.

Pilin altindan elektrik yiikii {ist tarafa verilseydi, ampul 151k verirdi. Pilin sadece {izerinden akim
verildigi i¢in ampul 151k vermez.

Hayir vermez. Ciinkii tel sadece pilin + ucuna baglidir. Ampuliin yanmast icin pilin ampuliin + ve
—ucuna bagh olmasi gerekir.

Vermez. Elektrik devresi sadece + yiike baglandig1 igin 151k vermez.

Isik vermez .Ciinkii sadece (+) kutba bagli oldugu icin. Eger 2 kutba da bagl olsaydi o zaman 151k
verirdi.

Isik vermez clinkii sadece kablo + ucuna deymis. Oysa + ucunu da deymesi gerekmektedir. Diye
diistiniiyorum

Devrede bulunan ampul 151k vermez. Nedeni ise sadece + kutbu lambaya bagl.

Vermez Ciinkii pilin diger bir kablosu yok
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21.

22.

23.

24.

25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.

38.

39.
40.
41.
42.

43.
44.
45.
46.
47.
48.
49.
50.

Isik vermez ciinkii — yiiklii tarafina degmemistir. + yiiklii tarafiyla da yanmaz. Yanmast i¢in her iki
uca da iletken telin degmesi lazimdir.

Vermez: Ciinkii lambanin diger kablosu olmadig: i¢in 151k vermez. Eger ki diger kablo da olsayd1
151k verirdi.

Isik vermez. Ciinkii + yiiklii kola dokundurulurken — yiiklii kola dokundurulmamustir. — yiikli
kola dokundurulsaydi ampul yanar.

Aydinlatmaz. Ciinkii + yiiklii kola dokundurulurken - yiiklii kola dokundurulmamis. Ondan
ampul 151k vermez.

Vermez. Ciinkii, fakat, lakin, ama sebebi ampul + ya bagh oldugu i¢in 151k vermez.

Hayir. Ciinkii pilin + tarafiyla baglanmaktadir. Eksi tarafin da bagli olmas: gerekir.

Isik vermez. Ciinkii — kutbunda iletken tel yoktur.

Isik vermez.Ciinkii — kutbunda iletken tel yoktur. Ve oradan akim ¢ikmaz.

Vermez Ciinkii lambanin diger kablosu — degmemis. Tek ugla ampul yanmaz

Uretecin - kutbuna da baglanmadig; icin akim gegmez

Uretecin - kutbuna da baglanmadigi icin akim gecmez

Uretecin - kutbuna da baglanmadig; icin akim gegmez

Uretecin - kutbuna da baglanmadig1 icin akim gecmez

Uretecin - kutbuna da bagli olmadig1 igin ampul 151k vermez

Uretecin - kutbuna da baglanmadig: icin akim gegmez

Uretecin — kutbuna da baglanmadig: icin akim gegmez

Ampuliin yanmas: igin elektronlarin hareket ederek akim olusturmasi gerekir. Normalde
elektronlarin hareket edebilmesi i¢in lambalar pilin + ve — uglarinin arasina baglanir. Ancak boyle
bir sekilde yanar. Verilen sekildeki lamba yanmaz

Ampuliin yanmas1 igin elektronlarin hareket ederek akim olusturmasi gerekir. Normalde
elektronlarin hareket edebilmesi i¢in lambalar pilin + ve — uglarinin arasina baglanir. Ancak bdyle
bir sekilde yanar. Verilen sekildeki lamba yanmaz

Uretecin - kutbuna da baglanmadig; icin akim gegmez

Uretecin - kutbuna da baglanmadigi icin akim gegmez. Lamba yanmaz

Uretecin - kutbuna da baglanmadig; icin akim gegmez

Ampul 151k vermez. Clinkii ampuliin 151k vermesi icin ampuliin hem (-) eksi hem de (+) art1
kutuplara baglanmas: gerekir. Boylelikle hem ampul yanar fakat pil de yavas yavas nétrlesir ve
enerji veremez.

Yanmaz. Ciinkii ampuliin iiretecin hem + hem de- kutbuna baglanmas: gerekir

Ampul 151k vermez. Devrenin tamamlanmasi gerekir. Ampuliin birde — y&ne tel uzanmak

Uretecin — kutbuna da baglanmadig; igin akim gegmez

Vermez Ciinkii sadece + ya baglanmis

Isik vermez. Ciinkii — ucuna baglanmasi gerekir

Isik vermez. Ciinkii ampul pilin sadece + ucuna baglanmis

Isik vermez. Pilin — ucuna baglh degil (telin teki)

Isik vermez Ciinkii ampul pilin bir kutbuna degiyor
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51.
52.
53.
54.
55.
56.
57.
58.

59.
60.
61.
62.

63.
64.

65.
66.
67.
68.
69.
70.

71.

72.

73.

74.

75.
76.

Isik vermez Ciinkii ampul direkt pile ve + ucuna baglanmistir

Isik vermez ampul — uca baglanmamis

Vermez nedeni: ampul - uca baglanmamistir

Vermez. Clinkii ampul — uca baglanmamis

Vermez. Clinkii - uca baglanmamis

Vermez Ciinkii — yiiklii devre baglanmamig

Isik vermez. Ciinkii — uca bagli kablo olmadig1 icin devre tamamlanmamuistir

Vermez. Ciinkii ampul sadece + uca iletken telle baglanmis. Ampuliin yanmasi icin — ve + uglara
tel baglanip, ampule baglanmali

Isik vermez. Ciinkii — yiiklii olmadigi i¢in

Vermez. Clinkii akim - kutuptan ge¢gmiyor

Isik vermez. Ciinkii sadece + uca baglidir

Isik vermez. Ciinkii ampuliin yanmas: igin bir + kutba bir de — kutba bagli olmas1 gerekir. Burada
sadece + gruba bagl oldugundan 151k vermez

Isik vermez. Ciinkii hem + hem — baglanmali. Ampule bagh bir tel de - ye baglanmali

Vermez. Clinkii akim + dan -’ ye dogrudur. Ama ampule + ug baglandigindan 151k vermez. Ayrica
telin bir ucunun — olmasi gerekirdi.

Isik vermez. Ciinkii telin diger ucu pilin — ucuna bagh degildir

Vermez: Ciinkii — uca da baglanmali

Isik vermez.Ciinkii — yiike de baglanmamis

Isik vermez. Ciinkii hem + hem de — nin baglanmasi gerekir.

Ampul 151k vermez. Ciinkii — yiikle baglanmamustir.

Hayir 151k vermez. Lamba sadece + uca bagli. Dolayisiyla elektrik akimi yoktur. Akim olmasi icin
her iki uca baglanmasi gerekir.

Vermez. Cilinkii ampuliin kablosu pilin hem bagina hem de altina takilmasi gerekir.

Vermez ¢linkii akim yok

Vermez. Ciinkii — ugtan tel ¢gickmamig. Devreden akim kesilmis. Akim tamamlanmamis. Tek ug
kullanilmus.

Yanmaz Ciinkii ampule baglanan + oldugu i¢in yanmaz yanmasi icin + ve - baglanmal1 Su sekilde

olmal

Isik vermez ciinkii dogru baglanmamustr.

Isik vermez. Ciinkii baglant1 yanhstir. Ayrica ampulii acacak bir anahtar yoktur.
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77. Isik vermez tek olarak + kutuptan 1s1k vermez (-) kutbunun da kabloyla ampulii sarmak gerek
ancak (+) ve (-) kutupta kablo olmasi gerek
78. Isik vermez. Ampuliin ucu sadece + kismina degdiriliyor. Ampuliin + kisminin iizerine kablosu —

kismina degdirilmelidir.

Category 2 (The battery and the bulb are in contact)
1. Isik verir. Ciinkii pozitif ucuna takihidir.
2. Sekilde ampul 151k verir. Ciinkii; art1 ve eksi isaretleriyle bunlar1 anlaya biriz. Art1 olan yeri 1518a

iletir. Eksi olan yeri iletmez yani yakmaz. Ciinkii eksile art1 birbirini ¢eker. Bu sayede ampul yanar.

3. Ampulsik verir. Ciinkii elektrik baglanmustir.

4. Verir. Sebebi ¢iinkii pilin + yerine ampul baglanmistir bu yiizden devredeki ampul 151k verir.
5. Isik verir, ¢linkii pil takili oldugu icin 151k verir.

6.  Evetigsik verir. Ciinkii pile baghdir. Pilden “+” yiik alarak ampuliin 151k vermesini saglar.

7. Verir. Clinkii ampul + yiiklii pile bagli oldugu icin pil 151k verir

Pil zayifsa yanmaz. Degilse yanar.
9.  Evet. Art1 yiikten ¢ikan akim lambay1 yakabilir
10. Evet. Art1 yiikten ¢ikan akim lambay1 yakabilir
11.  Ampul 151k verir. Ciinkii — yiikler +'y1 ceker. Bu devrede de — ve + yiikler oldugu i¢in birbirlerine

bagli yani pilin uclar1 birbirlerine degdigi zaman 1s1k yanar

Category 3 (The positive terminal of a battery can light up a bulb, but not the negative terminal)
1. Isik verir. Istk vermesinin sebebi de lamba + yiike baglidir. — yiike bagl olaydi 1sk vermezdi.
2. Isik verir. Clinkii lambay1 artiya bagladig: icin lambada 151k verir. Lambay1 — ye baglarsak lamba

151k vermez.

Category 4 (The negative terminal of a battery produces electricity)
1. Hayir vermez. Ciinkii — kutbundaki elektronlar hareket etmez.
2. Uretici - dir. Akim ge¢cmez. Bu yiizden 151k vermez

3. Uretici - dir. Akim gecmez. Bu yiizden 151k vermez
4

Uretici — dir. Akim gegmez. Bu yiizden 151k vermez

Category 5 (A wire must be connected from the negative terminal of the battery to the upper metallic

side of the bulb so that “+” and “-” charges meet in the bulb)

1. Isik vermez. Ciinkii lambanin yanmasi ig¢in hem + hem de — yiikler gerekir. Sekildeki ampule
sadece + yiik bagl.
2. Hayir 1sik vermez. Ciinkii +, - uglarindan ampule elektrik verilmesi lazim. Sadece + yiik 151k

vermez. + ugtaki akimin — uctan akmas gerekir
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Category 6 (Deficient or not meaningful)
1. Lamba 1s1k verir. Sebebi de +, - durumundaysa 11k verir.

2. Ampul isik vermez. Ciinkii devreden biri negatif oldugu icin.

Question 2

None of categories was revealed.
Question 3

Category 1 (The current in the branch leaving the battery divides into other branches in such a way that
the same amount of current passes through each bulb because three identical bulbs are in parallel
combination)

1. 04,0404 Cinkii3i=12isei=04

2. 04,04, 04. Clinkii 3i=1.21isei=0.4

3. 04,04, 0.4. Paralel kollardaki akimin toplamu seri kollardaki akima esittir. Onun i¢cin 1.2 A : 3

4. 04,0404

5. 04,0404

6. 04, 04, 04. Paralel devrelerde ana koldan gecen akim tiim direnglerden gecen akimlarin

toplamiyla bulunur. 0.4 x 3=1.2 A

Category2 (After the current divides equally into two branches at the first junction, the current again

divides equally into two branches at the second junction)

—_

0.6,0.3,0.3

2. 06,0303

3 0.6, 0.3, 0.3 i3 ve iz toplamu i1 i verir.

4. 06,03,03

5. 06,0303

6. 06,0303

7. 0.6,0.3, 0.3 Devre paralel oldugundan dolay1 ana koldan gegen akim paralel kollara gelince kag
tane kablo varsa ona gore esit bir sekilde ayrilacak. Yukaridaki sekilde gostermis oldugum gibi her
paralel kabloda akim boliinmiistiir

8. 06,0303

9. 0.6,0.3,0.3.11, i2=i3 i'ye paralel olarak baglidir

10. 0.6, 0.3, 0.3. 1= 0.6 olur. Ciinkii 1.2 iki kola ayrilmis. iz ve i30.3 olur. Ciinkii 0.6’da iki kola ayrilir.

11. 0.6,0.3,0.3

12. 0.6, 0.3, 0.3. Akim paralel olarak dagilmis ikiye ayrilan akimda i1 =akimin yarisi (0.6) A almus,
diger yar1 da kendi aralarinda ikiye ayrilmis ve 0.6 / 2 =13, i2= 0.3 A almustir.

13. 0.6,0.3,0.3. i akim1 1.2 A siddetiyle gecerken iki kola ayrilir. Bu nedenle i1 = 1.2 / 2=0.6 olur. Diger
kolda iki kola ayrildigindan yine ikiye boleriz. i3=i>=0.6/2=0.3 olur.

14. 0.6,0.3,0.3
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15. 0.6,0.3,0.3

16. 0.6, 0.3, 0.3 Ana kol akimi ilk &nce ikiye ayrilir. Daha sonra iistteki telden 2ye ayrilir.

17. 0.6,03,0.3

18. 0.6, 0.3, 0.3 Akim yar1 yariya paylasilir paralel devrelerde

19. 0.6, 0.3, 0.3. Ciinkii akim ikiye ayrilir. I1 akimuin yarisini alir. Kalan akimi ise iz, is paralel oldugu
i¢in paylasirlar.

20. 0.6,03,0.3

21. 0.6, 0.3,0.3. i2 ve is paralel baglidir. I1’de hepsine paralel baglidur.

22. 0.6,03,0.3.

23. 0.6,0.3,0.3

24. 0.6,03,0.3

Category 3 (The further away the branch is from the battery, the smaller the amount of the current)
1. i1>i2>i3
2. 11>i2>1i3

3. i1>i2>isve 0.9, 0.6, 0.3. Ciinkii yukariya ¢ikildik¢a akim giicii azalir. Yogunluk ana koldadir

Category 4 (Deficient or not meaningful)

1. 05,0493

2. 05,04,93
3. 4.2,42,42. Ciinkii 3+1.2=4.2 (3 ayr1 kol oldugu icin)
4. 12,26, 3.6. Ciinkii hepsinin ¢arpimi
5. 0.6,04,0.2.
6. 32,2121
7. 56,2828
11, 48, 96
9. 24,2424
10. 04,0.2,0
11. 12,111

12. 4.2,64,84
13.  ix=is<iy, iz+is=i1, 3i=1.2, i=0.4 A. Bundan dolay10.8,.0.4, 0.4
14.  ix=is<iy, iz+is=i1, 3i=1.2, i=0.4 A. Bundan dolay10.8,.0.4, 0.4
15.  ix=is<iy, iz+is=i1, 3i=1.2, i=0.4 A. Bundan dolay10.8,.0.4, 0.4
16. 0.8,04, 04
17. 0.8,04,04
18. 0.8,.04,0.4
19.  ix=is<iy, i2+is=i1, 3i=1.2, i=0.4 A. Bundan dolay10.8,.0.4, 0.4
20.  iz=is<iy, iztis=i1, 3i=1.2, i=0.4 A. Bundan dolay10.8,.0.4, 0.4
21.  ix=is<iy, i2+s=i1, 3i=1.2, i=0.4 A. Bundan dolay1 0.8,.0.4, 0.4
22, ir=is<iy, iztis=i1, 3i=1.2, i=0.4 A. Bundan dolay10.8,.0.4, 0.4
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23.  ia=ia<iy, i2+is=i1, 3i=1.2, i=0.4 A. Bundan dolay10.8,.0.4, 0.4

24.  i=ia<ii, ia+is=i1, 3i=1.2, i=0.4 A. Bundan dolay10.8,.0.4, 0.4

25.  ir=is<iy, iztis=i1, 3i=1.2, i=0.4 A. Bundan dolay10.8,.0.4, 0.4

26. ix=ia<i, ia+is=i1,3i=1.2, i=0.4 A. Bundan dolay10.8,.0.4, 0.4

27.  ir=is<iy, iztis=i1, 3i=1.2, i=0.4 A. Bundan dolay10.8,.0.4, 0.4

28. 60, 30, 30 Ciinkii her akim ikiye ayriliyor

29. 0.3,03,0.6.

30. 0.3,0.3,0.6.

31. 1.2,0.6,0.6. “i” den gegen akim iki kola ayrilarak i1 gider daha sonra iz ve i3 gitmektedir

32. 1.2,1.2,1.2. Akimlar1 bulmak i¢in hepsinin de 1.2 olmasi gerekir

33. 12, 1.2, 1.2. Sekildeki devrede pil oldugu igin, anahtar kapali oldugu ic¢in akim biiyiikliikleri
aynidir. Ciinkii; akim ayni dogrultuda hepsine birden yiiklenir.

34. 24,48,9.6

35. 2.4, 4.8, 9.6 Ciinkii bunlar birbirine paralel olarak baglanmistir

36. 24,4.8,9.6

37. 24,4.8,9.6 Ciinkii devre siirekli paralel olarak boliinmiis

38. 24,48,9.6

39. 24,3648

40. 24,3.6,4.8

Question 4

Category 1 (The currents with the same amount from the batteries has not been consumed yet in both of

the figures)

1.

N S gk » N

10.

11.

Sekil 4'den gegen akim sekil 5'deki akima esittir. Clinkii pilden ¢ikan akimi i dersek 1'de de i
olarak kaliyor. Aynen sekil 5'de de i olarak kaliyor.

Elektrik akimlar esittir. Ciinkii akim ayn1 yonden aym sekilde geger.

Elektrik akimlart aynudir. Sekilde goriindiigiine gore bir degisiklik yapilmamuisgtir.

Elektrik akimlarinin biiyiikliikleri ayrnudar.

Ayni siddetle akim gecer. Ciinkii ana koldan gider. Etkilenmez.

2 devrede de yiiklerin akim siddetleri aynidir.

Sekil 5’ deki akim azdir. Ciinkii orda 2 tane akim var pilden gelen akim 2’ye ayriliyor. Sekil
4’dekisa akim $ekil 5'dekinden fazla ¢iinkii orda 1 akim var. Pilden gelen akim hepsi Sekil 4’e
geliyor.

Sekil 4'tin ve Sekil 5'in akim1 bence esittir. Ciinkii pilin enerjisi ilk 1 noktasindan ge¢mektedir.
Biiyiikliik aymdir. Ciinkii 1 noktasinda akim her iki sekilde de direngle karsilasmaz.

Akim her zaman +'dan —ye dogrudur. 1. noktalardaki akimlar birbirine esittir. Ciinkii iki sekilde
de direng 1. noktaya kadar yoktur.

Sekil 4'deki akim, Sekil 5’ deki akim aynidir. Ama sekil 5'de 2 ampul oldugundan akim ikiye
boluniir. Parlaklik sekil 5’de daha azdur.
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12.

13.
14.

1 noktalarindan gegen akim +dan —‘ye dogru gidiyor. Sekil 4=sekil5. Ciinkii akim 1 noktalarindan
sonra dagiliyor.

Sekil 4=sekil5. Ciinkii + kutuptan ¢ikan akim bos telden 1’e girer.

Sekil 4 ve sekil 5'deki 1 noktalarindan gegen elektrik akimlar: esittir. Clinkii akim hentiz ana
koldan gelmekte ve higbir engelle yani direngle karsilasmadigi icin hentiz 1 noktalarindan gegen

akim birbirlerine esittir.

Category 2 (In both of the figures, potential differences supplied by the batteries are the same, but the

equivalent resistance in the second figure is bigger)

1.

Ureteglerin gerilimleri V ise sekil 4 i¢in V=11.R (her lambanin direnci R kabul ediliyor). I1=V/R ise
sekil 5 i¢in V=12.2R yani i>=V/2R=i1/2 olur.
Ureteclerin gerilimleri V ise sekil 4 i¢cin V=11.R (her lambanin direnci R kabul ediliyor). I1 =V/R ise
sekil 5 i¢in V=12.2R yani i>=V/2R=11/2 olur.
Ureteclerin gerilimleri V ise sekil 4 i¢cin V=11.R (her lambanin direnci R kabul ediliyor). I1 =V/R ise
sekil 5 i¢in V=12.2R yani i2=V/2R=11/2 olur

Category 3 (Current in the first figure is smaller because there is one bulb in the first figure, whereas

there are two bulbs in the second figure)

1.
2.

Sekil 4’deki akim daha kiigiiktiir. Ciinkii bir devre baglanmistir.

1. akim tek ampul oldugu icin daha az gelir. Ama 2. sekilde iki ampul oldugu igin 2. sekildeki
akim 1. sekildeki akimin 2 kat1 olmalidir

Sekil 4’de elektrik akimi daha azdir. Sekil 5’ de elektrik akimi daha fazladir. Ciinkii fazla olarak B
ampulii ekleniyor bu yiizden...

Sekil 4'de 1 noktasindan gecen elektrik akimi Sekil 5'dekinden daha azdir. Ciinkii Sekil 4’de 1 tane
ampul oldugundan ve Sekil 5'de 2 tane ampul oldugu igin Sekil 4’e gore daha fazla enerji gerekir.

Sekil 4’de akim az, Sekil 5'de daha ¢ok.

Category 4 (Current in the first figure is bigger because two bulbs in the second figure share the current)

1.
2.

1’deki daha yiiksektir. Ciinkii akim boliinmiis

Sekil 4'de 1 noktasindan gegen akim, sekil 5’dekinden daha biiytiiktiir. Clinkii sekil 5'de akimu ikisi
paylasiyor.

Sekil 4'de 1 noktasindan gegen akim, sekil 5’dekinden daha biiytiiktiir. Clinkii sekil 5'de akimu ikisi
paylasiyor.

Alkimin biiyiikliikleri esit degildir. Ciinkii sekil 5'de A ve B ampulleri yanmaktadir. Yani sekil
4’deki akim daha biiytiktiir.

1 noktasindan gegen akim daha biiyiiktiir. Ciinkii ampul bir tanedir.

Sekil 4’deki daha biiyiiktiir. Clinkii elektrik sadece bir yerde ortaya ¢iktig1 icin daha az elektrik
kaybeder. Onun icin sekil 4 daha biiyiiktiir.
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4. Sekil 4'de daha ¢ok elektrik vardir. Ciinkii 1 ampul vardir. Sekil5’de 2 ampul oldugu icin elektrik
akimi daha kuigtiktiir.

5. Sekil 4de daha biiyiiktiir. Ciinkii tek ampul vardir.

6.  Sekil 4de daha ¢ok elektrik vardir. Ciinkii 1 ampul vardir. Sekil5’de 2 ampul oldugu igin elektrik
akimi daha kiigtiktiir.

7. Sekil 4'de elektrik akimi daha biiytiktiir. Cilinkii sekil 4’de 1W varken 5'de 2W vardir.

8. Sekil 4deki 1 noktasindan gegen elektrik akimi sekil 5’deki 1 noktasindan daha ¢ok elektrik akimi
gegcer. Clinkii, Sekil 4 bagka bir noktadan ge¢cmedigi icin. Sekil 5’ de bagka noktalar ve 2 ampul var.
Elektrik ¢ok harcar. 1 noktasindan az elektrik akimi geger.

9.  Sekil 5deki noktalardan daha ¢ok akim geciyor, Sekil 4’de ise 1 tane akim gegiyor.

10. Sekil 5’in elektrik devresi daha biiytiktiir. Clinkii Sekil 4’de 1 tane ampul var. Sekil 5'de 2 tane bu
da Sekil 5’in elektrik devresi daha biiyiiktiir.

11.  Sekil 4 akimu biiyiiktiir. Ciinkii ikisinin pillerinin biiyiikliigii ayn1 ama 4. sekilde 1 lamba 5. sekilde
2 tane lamba vardir. O yiizden 4’de akim biiyiiktiir.

12.  Sadece A oldugu zaman pil'den gelen kuvveti sadece “a” ampulii kullantyordu. Sekil 5’ de ise
ampuller iki tane oldugu i¢in ve pil sayis1 artmadig icin pilden gelen akim A ve B ampulleri
arasinda paylasilmaktadir.

13.  Sekil 4'de daha biiyiik. Ciinkii Sekil5’de 2 ve 3 akimlar1 da vardir.

14. Her iki devrede de lambanin 1 noktas1 + kutbundan ¢ikmistir. Ama 14>1s. Ciinkii Sekil 5’de ampul
say1s1 goktur.

15. Sekil 4de daha coktur. Ciinkii akim giden yer daha azdir.

16. Sekil 4'de elektrik akim1 daha fazladir. Ciinkii digerine gore daha az ampul olduguna goére daha

fazladir.

Category 5 (Currents in both figures are the same because current is constant at any point in circuits
with serial combination)

1. Sekil 4 ve 5’den aym biiyiikliikte akim geger. Ciinkii seri bagl devrelerde akim sabittir.
ikisinde de esittir. Seri baglamada akim her noktada ayni siddetle gecer.

Aynudir. Ciinkii 2’side seri baglhdir.

Hepsi aymdir. Clinkii seri baghdar.

S

iki sekilde de 1 noktalarindaki akimlar aymdir. Ciinkii seri bagli devrelerde esit miktarda akim

geger.

Category 6 (Deficient or not meaningful)

1. Sekil 4'deki akim A’da ayn biiyiikliiktedir. Sekil 5'deki ile de aynidir. Ancak sekil 5 A ve B olarak
ikiye boliiniir. Ancak seri baglandig icin akim aym geger.

Esittir. Clinkii 2. noktada 1. akim sona erer.

Esittir. Clinkii 2. noktada 1. akim sona erer

1 noktalarindan gegen akim esittir. Clinkii A lambalar1 ayn1 direnctedir.

S

1 noktalarindan gecen akim esittir. Ciinkii A lambalar1 ayn1 direngtedir
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Hepsi ayni 151k verir. Sekil + ve 5'de A’da aym
Hepsi ayni 151k verir. Sekil + ve 5'de A’da aym
sekil 4 > sekil 5. Ciinkii Sekil 4 i¢in Res= R ve sekil 5igi¢ Res=R/2

© ® N

sekil 4 > sekil 5. Clinkii Sekil 4 i¢in Res= R ve sekil 5igi¢ Res=R/2

10. sekil 4 > sekil 5. Clinkii Sekil 4 igin Res= R ve sekil 5igi¢ Res=R/2

11. sekil 4 > sekil 5. Clinkii Sekil 4 icin Res= R ve sekil 5igi¢ Res=R/2

12.  sekil 4 > sekil 5. Ciinkii Sekil 4 icin Res= R ve sekil 5igi¢ Res=R/2

13. sekil 4 > sekil 5. Ciinkii Sekil 4 igin Res= R ve sekil 5i¢i¢ Res=R/2

14. sekil 4 > sekil 5. Ciinkii Sekil 4 icin Res= R ve sekil 5igi¢ Res=R/2

15. sekil 4 > sekil 5. Ciinkii Sekil 4 igin Res= R ve sekil 5i¢i¢ Res=R/2

16. sekil 4 > sekil 5. Ciinkii Sekil 4 icin Res= R ve sekil 5igi¢ Res=R/2

17.  sekil 4 > sekil 5. Ciinkii Sekil 4 igin Res= R ve sekil 5i¢i¢ Res=R/2

18. sekil 4 > sekil 5. Clinkii Sekil 4 icin Res= R ve sekil 5igi¢ Res=R/2

19. sekil 4 > sekil 5. Clinkii Sekil 4 igin Res= R ve sekil 5igi¢ Res=R/2

20. sekil 4 > sekil 5. Clinkii Sekil 4 igin Res= R ve sekil 5igi¢ Res=R/2

21. sekil 4 > sekil 5. Ciinkii Sekil 4 igin Res= R ve sekil 5igi¢ Res=R/2

22.  Gegen akimlar esittir. Devreler paralel baglanmustir.

23. Gerilim daha fazla oldugu i¢in ikisinin de biiytikliikleri aynidir.

24. Sekil 4'de daha ¢ok elektrik vardir. Ciinkii 1 ampul vardir. Sekil 5'de 2 ampul oldupguicin akim
daha coktur.

25. Sekil 4'deki akim lambay1 daha ¢ok yakar. Ciinkii orada 1 akim geciyor. Sekil 5'de elektrik lambay1
daha az yakar. Ciinkii orada 2 akim gegiyor.

26. Her iki sekilde de elektrik akimlarinin biiytikliikleri ayni degildir. Clinkii ampul sayilari farklidir.

27. Sekil 4'deki 1 ampul oldugu i¢in daha az aydinlatir. Sekil 5'deki ise 2 ampul oldugu igin daha ¢ok

aydmlatir.

28. Sekil 4'de elektrik akimi daha hizli akim geger. Sekil 5’ de ise daha yavas akim gecer.

Question 5

Category 1 (Currents at all points are the same and bulbs A and B are the same in brightness)

1. Seribagl olduklar1 i¢in hepsi esit. A ve B parlakliklar1 birbirine esit.

Birbirlerine esittir. Ayni parlakliktadir.

Elektrik akiminin biiyiikliikleri aymdir. Ciinkii akim kablolardan ayni anda tiim ampullere gider.

1=2=3. Devredeki akimlar esittir. A=B. Ayni1 yanar.

S

Alam biiyiikliigii aynidir. Seri bagl oldugu i¢in. Ampullerin parlakliklar: aynidir. Seri
baglamalarda ayni miktarda akim geger. Bu yiizden parlakliklar1 ayrudar.

6. Hepsi aymdir. Ciinkii seri baglanmistir. Hepsi ayni parlakliktadir.

7. Her 3'de aymidir. Ciinkii seri baglidir. Akim her yerden esit gecer. Parlakliklar da aynidir.
8.  Hepsi aymdir. Ayni parlakhiktadir. Ciinkii seridir.

130



10.
11.

12.
13.

14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.

29.

30.

Gegen akimlar aynidir. Ciinkii akim ayni diizliikte yol izler. Gegen akimlar ayni olduguna gore
ampuller de ayn1 15181 verir. Yani parlakliklarinda bir fark yoktur.

1=2=3. Ciinkii seri baglh oldugu i¢in hepsinden gecen akim esittir. Parlakliklar ayrnidir.

Seri baglida akim siddeti esittir. A ve B ampullerine etki eden akim esit oldugu icin parlakliklar
esittir.

1=2=3'diir. Ciinkii devre seridir. A=B’dir. Devreden gecen akim esittir. Devre seridir.

1, 2, 3 noktalarindaki akimlarin biiyiikliikleri aynidir. Ciinkii seri baglamada akim her yerde
aynidir. Ana koldan gecen akim her iki ampulde de ayni oldugundan parlakliklar: ayndir.

1, 2, 3 esittir. + kutbundan ¢ikan akim —ye aym sekilde gider. A=B.

1, 2, 3 esittir. + kutbundan ¢ikan akim —‘ye ayni sekilde gider. A=B.

1, 2, 3 esittir. + kutbundan ¢ikan akim —ye aym sekilde gider. A=B.

1, 2, 3 esittir. + kutbundan ¢ikan akim —‘ye ayni sekilde gider. A=B.

1, 2, 3 esittir. + kutbundan ¢ikan akim —‘ye ayni sekilde gider. A=B.

1, 2, 3 esittir. + kutbundan ¢ikan akim —ye aym sekilde gider. A=B.

1, 2, 3 esittir. + kutbundan ¢ikan akim —‘ye ayni sekilde gider. A=B.

1, 2, 3 esittir. + kutbundan ¢ikan akim —ye aym sekilde gider. A=B.

1, 2, 3 esittir. + kutbundan ¢ikan akim —‘ye ayni sekilde gider. A=B.

1, 2, 3 esittir. + kutbundan ¢ikan akim —ye aym sekilde gider. A=B.

1, 2, 3 esittir. + kutbundan ¢ikan akim —‘ye ayni sekilde gider. A=B.

1, 2, 3 esittir. + kutbundan ¢ikan akim —ye aym sekilde gider. A=B.

1, 2, 3 esittir. + kutbundan ¢ikan akim —‘ye ayni sekilde gider. A=B.

1, 2, 3 esittir. + kutbundan ¢ikan akim —ye aym sekilde gider. A=B.

Seri bagli devrede sadece bir akim vardir. Ve her noktada ayni olup degeri %%’dir. Ampullerin
parlaklig1 ise tizerlerindeki gerilime baghdir. Ampullerden ayni akim geger, direnglerde ayni
oldugu icin: Va=IR, Vs=IR olur. Gerilim esit oldugunda parlakliklarda ayn1 olur.

Seri bagli devrede sadece bir akim vardir. Ve her noktada ayni olup degeri %%’dir. Ampullerin
parlakligi ise {izerlerindeki gerilime baglhidir. Ampullerden ayn1 akim gecer, direnglerde aymn
oldugu icin: Va=1IR, Vs=IR olur. Gerilim esit oldugunda parlakliklarda ayni olur

1=2=3. Seri baglanmistir. Aym parlakliktadur.

Category 2 (The further away from the battery, the less the amount of current and the brightness of a

bulb)

1.

Sekil 5’de 3'iin akimi daha biiyiiktiir. 2’de ise 3’den biraz azalir. 1’de ise biraz daha azalir. Ciinkii 3

pile daha yakindir. Digerleri gittikce azalir. B ampulii daha parlaktir. Ciinkii enerji direkt gelir.
3>2>1 A B’de daha parlak. Akim A’dan direkt gectigi icin.
En fazla akim 3’den ge¢mektedir. En az akim 1’den ge¢mektedir. En parlak B ampuliidiir.

3 pile yakin oldugu icin akim daha fazla geger ve en biiyiiktiir. 2, 1 akim daha az geger. Pil daha

uzak oldugu i¢indir. B pile yakin ve akim daha ¢ok oldugu i¢in B daha parlak yanar. A daha uzak

ve akimin daha yavas gegecegi icin parlak yanmaz.

3>2>1
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6. 3>2>1. Ciinkii elektrik akiminin yiikii — oldugu i¢in 3’de biiyiik, 2'de ise 6nce ampul bulundugu
i¢in sonra 2 ve 1'in 6niinde de iki tane ampul bulundugu icin.

7. 3>2>1. Ciinkii 3 pile daha yakindir. B daha parlaktir. Ciinkii pile daha yakindir.

8.  3>2>1. A parlak yanar.

9. 3»2>1

Category 3 (ir>i2>I3 and Bulb A is brighter)

1. Buakimda diyelim 1 noktas: 15 akim aliyorsa 2 noktasi 10, 3 noktas: 5 akim alir. Dolayistyla 1
akimi her zaman akim daha fazla alir. Pilin akimi ilk 6nce A’dan gectigi icin A daha parlak yanar.

2. 1lenbiiyiik, 2 1"den kiigiik, 3 en kiiciik. Anottan gelen enerji 1 akimindan gegerek 2 ve 3’e gegiyor.
A kismina + gelen yiik A’y1 daha ¢ok parlatip B'ye gecer. A B’den daha ¢ok parhiyor.

3. 1.noktada akim fazla, 2. noktada 1’e gore daha az, 3'de ise akim daha az. Ciinkii 1. noktada A’ya
gelindiginde bir miktar akim burada kalir. 3. noktada B’ye geldiginde bir miktar akimda burada
kalir. A daha parlaktir. Ciinkii gelen ilk akim buraya ugradig: igin.

4. 1>2>3. A B’den daha parlaktir.

5. 1>2>3. Ciinkii 1 noktasinda heniiz enerji verilmemis. 2 noktasinda enerjisi 1 lambaya verilmis. 3
noktasinda enerji diisiiriilmiistiir. A ampulii daha parlaktir. Ciinkii enerjisi en yiiksek olan 1
noktasidir. B ampuliiniin parlakligi daha azdir. Ciinkii enerji azalmistir.

6. 1>2>3. Clunki 1'de akim hig direncle karsilasmamus. 2’de akim direngle karsilasmis. 3’de akim 2
direngle karsilagmis.

7. 1’deki akim daha biiytiktiir. Ciinkii akim ilk olarak oradan gegiyor. A daha parlaktir. Ciinkii ilk
basta parlaklik oradan geciyor.

8.  1'deki akim daha biiytiktiir. A B’den daha parlaktir.

9. 1akim daha yiiksektir. A daha parlak. Ciinkii kolda tek basina oldugu igin.

10. En biiyiik akim 1’dedir. Ciinkii higbir direngle karsilasmaz. 2 noktasinda A direncinden gegecegi
i¢in akim azalir. 3 noktasinda Ave B direnclerinden gegecegi i¢in akim daha da azalir. Yani: 1>2>3.
A B’den daha parlak yanar. Ciinkii A’dan gegen akim B’den gecen akim siddetinden daha fazladir.

11. En biiyiik akim 1’dedir. Ciinkii heniiz hicbir direngle karsilasmamustir. 2. akim 1. akimdan biraz
daha kiigiiktiir. Cilinkii A direnciyle karsilagsmistir ve A direncini gegebilmek igin enerji
harcamistir. 3. akim ise 2’den de kiigiiktiir. Clinkii buraya hem A hem de B direncini gegerek
gelmistir. Bu yiizden digerlerine gore daha ¢ok enerji harcanmigtir. A ampulii B ampuliine gore
daha parlak yanar. Ciinkii A ampulii daha fazla gelen akimi kullanarak 1s1k vermektedir. Ama B
ampulii kullanilmis olan akimi ve bu yiizden azalmis olan akimi kullanarak daha az 1s1k verebilir.
Ama B ampulii ile A ampulii yer degistirilirse A’dan daha parlak yanar. Bunun sebebi de az 6nce

belirtmis oldugum sebeple aymidir.
Category 4 (i1=i>=I3 and Bulb B is brighter due to being closer to the battery)

1.  Akimlarn biiyiikliigii aynidir. B'nin parlakligi daha fazladir.

2. Akimlar aymdir. B daha parlaktir. Ciinkii ampul ile iirete¢ arasindaki mesafe daha azdir.
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Category 5 (i>i2>I3 and Bulb B is brighter due to being closer to the battery)

1.

Pilin akimi1 nce A’dan gectigi i¢in 1>2>3. B ampulii daha parlaklik gosterir. Pile daha yakindir.

Category 6 (i1>i2>I3 and Bulbs A and B are the same in brightness)

1.

1. nokta daha ¢ok, sonra 2. nokta daha sonra 3. nokta. Ciinkii; pilden ¢ikan akim 6nce 1. noktaya

ugrar, sonra A ampuliine ve akim biraz azalir, sonra 2. noktadan gecer B ampuliine gelir, akim

biraz daha azalir ve 3. noktaya geldiginde hi¢ kalmayacak kadar azalir. A ve B ampulleri ayru

parlakliktadir.

Category 7 (Deficient or not meaningful)

1. 1,2, 3 noktalarinin akimlar biiyiik degil. Ciinkii noktalar uzak. A ve B ampulii yanmamaktadir.
Ciinkii pilin her iki ampulii birden yakmasi zor bu yiizden daha ¢ok volt gerekir.

2. Sekil 5'de elektrik akimi hepsini esit miktarda yakar.

3. 2=3>1=2. Ciinkii 2=3'{in arasindaki mesafe 1=2'nin arasindaki mesafeye gore daha azdir. A'nin
parlakligi daha ¢oktur. Ciinkii B'nin verdigi 1stk A’ya sagdan yansir.

4. 1akim en biiyiiktiir. 2=3'd{ir. Ciinkii ikisinde de arada 1 ampul vardir. A ampulii daha parlaktir.
1’de daha az. 2’de daha biiyiiktiir. Ciinkii 2 lamba arasinda kalir. 3'de yine daha azdir. fkisinin de
parlakliklar1 ayni diye diisiintiyorum. Ciinkii pildeki akimu ikisi de paylasiyorlar.

6. 1=2>3 A=B olarak akim dogru olarak gecer. A'nin ve B'nin parlakliklari esit olur.

7. Aynidir. A daha parlaktir.

8.  Hepsi esittir. Akim kollara ayrilmiyor. A ampulii daha parlaktir. Ciinkii...

9.  1=2=3’diir. Hepsi paralel baglanmistir. Parlakliklar da esit. Devre paralel.

10. 1,2 ve 3 noktalardaki akimlar aymdir. Ciinkii hepsinden de ayni direng gegiyor.

11. 3 bir ve 2’den azdir. En yakin oldugu igin. 2 birden azdir.1 hepsinden ¢oktur. En uzak oldugu icin

12. 1. akim ¢oktur. Daha sonra ampule gecer ve 2. noktaya ulasir. 2. noktada B ampuliine gecer ve 3.
noktaya kadar gelir. Bu arada da ampuller yanar. A B’ye gore daha az parlaktir. Ciinkii A ampulii
yandiktan sonra akim B ampuliine kadar gelir ve A ampuliindeki parlaklik azalir.

13.  Hepsi esittir. Akim kollara ayrilmiyor. A daha parlaktir.

14. 1 NOKTASINDA AKIM AZDIR. Sebebi akim oradan ge¢meye baglar. 2. 1.ye oranla biraz fazladur.
3’de en fazladir. Akimlar 3’de toplarnur.

15.  Akim 1’den 2’ye kadar daha fazla, 2’den 3’ede daha fazladir.

Question 6

Category 1 (It is bigger in Figure 6 because there are more bulbs in Figure 7)

1.
2.

Sekil 6’daki 1 noktasinin akimi daha fazladir. Ciinkii enerji fazla boliinmeden gelir.

Sekil 6’daki seri oldugu i¢in akim daha biiyiiktiir. Sekil 7’deki ise paralel oldugu icin akim azdir,
daha kii¢tiktiir.

Sekil 7 daha kiigiiktiir Sekil 6’dan. Ciinkii Sekil 7’de akim iki kola ayrildig: igin.

Sekil 7 daha kiigiiktiir Sekil 6’dan. Ciinkii Sekil 7'de akim iki kola ayrildig: igin

Sekil 6 > Sekil 7
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10.
11.
12.
13.
14.
15.

16.
17.
18.
19.
20.
21.
22.
23.
24.

25.

26.

27.

28.

Sekil 6’daki daha biiyiiktiir. Clinkii Sekil 7’ deki elektrik akim 3’e béliiniiyor.

6>7. Clinkii Sekil 7’de daha fazla ampul vardir.

6>7. Ciinkii Sekil 7’de lamba sayis1 ¢cok oldugu icin voltaj diisebilir.

Sekil 6’da akim daha fazladir. Clinkii direnci azdir. Sekil 7’de akim daha azdir. Direng fazladur.
Sekil 6’daki akim Sekil 7’den daha biiyiiktiir. Ciinkii oradaki lamba daha fazladir.

Sekil 6’daki daha biiytiktiir. Clinkii sekil 7'deki akim 3 akimdan gegiyor.

Sekil 6’da 1 tane akim oldugu igin Sekil 7’den akim biiyiikligh biiytiktiir.

Sekil 6’daki daha biiyiiktiir.

Sekil 6’da daha biiytiktiir. Clinkii Sekil 6’da dogrudan, Sekil 7'de dolayli akim vardir.

Sekil 6’daki elektrik akimi Sekil 7’den biiyiiktiir. Ciinkii Sekil 7’de gelen elektrik akimi gesitli
kollara ayrilir.

Sekil 6’da pil 1 ampule akim verdigi i¢in daha goktur.

Sekil 6’da daha biiytiktiir. Clinkii Sekil 6’da bir, 7’de iki lamba vardir.

Sekil 6’daki 1 noktasinda akim daha biiyiiktiir. Ciinkii 1 lambaya baglanmuistir.

Sekil 6>Sekil7

Sekil 6>5ekil7

Sekil 6>5ekil?7. Ciinkii Sekil 6 tek ampule akim veriyor. Sekil 7 iki ampule akim veriyor.

6>7. Ciinkii altinc1 sekilde akim aynidir. 7. sekilde akim ikiye ayrilir.

6>7. Ciinkii altinc1 sekilde akim aynudir. 7. sekilde akim ikiye ayrilir

Sekil 6’daki akim daha biiyiiktiir. Ciinkii biitiin akim sadece bir ampulden geciyor. Sekil 7’ deki
akim 1’den sonra 2’ye béliinecek. Bundan dolay1 akim yariya iner.

Pilden gecen akim Sekil 6’da A’ya gider. Sekil 7’de A ve B daha kiigiiktiir. Ciinkii akim ikiye
boliindtir.

Pilden gegen akim Sekil 6’da A’ya gider. Sekil 7’de A ve B daha kiigiiktiir. Ciinkii akim ikiye
boliiniir

Pilden gegen akim Sekil 6’da A’ya gider. Sekil 7’de A ve B daha kiigiiktiir. Ciinkii akim ikiye
boliniir

Sekil 6’da daha biiytiktiir. Clinkii Sekil 6’da 1 ampule baghdir.

Category 2 (It is bigger in Figure 7 because the equivalent resistance in Figure 7 is smaller)

1.

2
3
4.
5

Karsilastirdigimizda Sekil 7'nin akimi daha fazladur.

Sekil 6’daki elektrik akiminin biiyiikliigii azdar.

Sekil 7’de daha biiyiiktiir. Ciinkii hem 2 hem de 3’e akim verebiliyor.

Sekil 7'deki 1 noktasinda akim daha biiyiiktiir.

Her {iretecin gerilimleri V ve lamba direngleri R ise: Sekil 6’da V=1iR, Ii= V/R=i olsun. Sekil 7’de
V=DLRes ve Res=R/2’dir. Yani, I1= 2V/R=2i olur.

Her {iretecin gerilimleri V ve lamba direngleri R ise: Sekil 6’da V=1iR, Ii= V/R=i olsun. Sekil 7’de
V=DRes ve Res=R/2’dir. Yani, Ir1= 2V/R=2i olur.
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7.

Her {iretecin gerilimleri V ve lamba direngleri R ise: Sekil 6’da V=IiR, Ii= V/R=i olsun. Sekil 7'de
V=DRes ve Res=R/2’dir. Yani, I:= 2V/R=2i olur.

Category 3 (Both currents are the same in both figures because currents leaving the batteries with the

same amount have not been divided into branches yet)

1.

S

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

20.

21.
22.

23.
24.
25.
26.
27.
28.

Biiytikliikleri aynidir. Akim ilk 1 noktasindan gegmektedir. Bu nedenle elektrik akimlarmin
biiyiikliikleri esittir.

ikisi de ayrnudir. Ciinkii ayn1 oranda ayn1 1 noktasinda kesismis ve 1’er nokta konulmustur. Buda
arasinda bir biiyiikliik yoktur. Yani aymdir.

Ayni olur. Akim ikiye ayrilip sonra birlesir. Tkisi de birbirine esittir.

Alkimlar ayni olur.

Biiyiikliikleri aynidir.

Sekil 6 ve 7'deki 1 noktadaki elektrik akimu esittir. Clinkii iki sekilde de 1 noktasi ana kolda
bulunuyor.

Bence 2 devrede de yiikleri esittir. Ciinkii 2 devrede de ilk basta geg¢mis.

Sekil 6 ve 7’de aym biiyiikliiktedirler.

Elektrik akiminin biiyiikliikleri aynidir. Clinkii Sekil 7’de akim A ve B’den gegcip tekrar ana kolda
birlesiyor.

Ana koldan gegen akim aynidir. Ciinkii ikisi de akimuin gectigi ilk koldur.

Alamlar esittir. Ciinkii pilden ¢ikan akim ikisinde de ayn yerdedir.

Esittir. Clink{i akimla karsilasmamustir.

Aymnudir. Ciinkii ikiye boliinmeden gidiyor.

1 noktalarmin akimlar1 aynidir. Ciinkii pilden ¢ikan akim esittir.

Aymidir. Ciinkii akimin ayrilacagi higbir kol yoktur.

Aynudir. Ciinkii Sekil 7’dekinde 1'de akim daha kollara ayrilmamuistir.

iki sekilde de akim 1 noktalarima direkt gittigi icin bityiikliikleri aynidir.

1 noktalarinda akim esit. Ciinkii 1 noktalarindan sonra direnglere ulasiyor.

Elektrik akimlart aynidir. Ciinkii akim daha ayrilmamistir ve ayni diizlitk akim ilerler. Akimlarda
fark yoktur.

Sekil 6=5ekil 7. Ciinkii akim pilden ¢ikar ¢tkmaz 1 noktalarina ulasmigtir. Bu yiizden 1
noktalarinda akimlarin bityiikliikleri esittir.

Esittir. Clink{i akimla karsilasmamustir.

Esittir. Clinki Sekil 7’de akim 1 noktasindan geger, sonra 2 ve 3 noktalarina dagilir. Sekil 6’da ilk
once 1 noktasindan geger. Iki sekilde de gegen elektrik akimlar1 ayni biiyiikliiktedir.

61=71. + kutbundan bos telle 1 noktasina gidiyor.

61=71. + kutbundan bos telle 1 noktasina gidiyor

61=71. + kutbundan bos telle 1 noktasina gidiyor

61=71. + kutbundan bos telle 1 noktasina gidiyor

61=71. + kutbundan bos telle 1 noktasina gidiyor

61=71. + kutbundan bos telle 1 noktasina gidiyor
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29. 61=71. + kutbundan bos telle 1 noktasina gidiyor

30. 61=71. + kutbundan bos telle 1 noktasma gidiyor

31. 61=71. + kutbundan bos telle 1 noktasina gidiyor

32. 61=71. + kutbundan bos telle 1 noktasma gidiyor

33. 61=71. + kutbundan bos telle 1 noktasina gidiyor

34. 61=71. + kutbundan bos telle 1 noktasina gidiyor

35.  61=71. + kutbundan bos telle 1 noktasina gidiyor

36. 61=71. + kutbundan ¢ikan akim direkt 1 noktasindan gegiyor.
37. 61=71. + kutbundan bos telle 1 noktasina gidiyor

38. 61=71. + kutbundan bos telle 1 noktasina gidiyor

39. Sekil 6 ve 7’ de elektrik akimlar1 aynidir. Ciinkii higbir direngle karsilasmamuslardir.

Category 4 (Deficient or not meaningful)

1. Sekil 7’de daha fazla olabilir. Sebebi de seri bagh olduklari i¢in olabilir.

2. Ikisi de esittir. Ciinkii ampul tarafindan kullanilmig

3. 1lamba yandig1 igin A’daki daha parlaktir.

4. 1noktasindan gecen akimlar birbirine esittir.

5. 1 noktasindan gecen akimlar birbirine esittir. Ciinkii akimlar 1 noktasina kadar akimla
kargilagmstir.

6.  Sekil 6>Sekil 7. Ciinkii ilk devre seri, digeri paralel.
Question 7.a

Category 1 (ir>i2=is)

1. 2ve 3 birbirine esittir. 1’de 2 ve 3'{in toplamina esittir.

2. 1>2=3

3. 1>2=3

4. 1’de enbiiyiik daha sonra 2 daha sonra da 3'tiir. Nedeni devreye sonradan B ampulii eklenmis.

5. 1noktasinda akim siddeti biiyiiktiir. Clinkii ana koldadir. 2 ile 3’de birbirine esittir. Ciinkii iki kola
ayriliyor. Burada esit bir sekilde ayrilir.

6. 1>2ve3esit

7. 1>2=3

Pilin enerjisi 6nce 1’den gectigi icin 1 en biiytiktiir. 2 ve 3 esit olabilir.

9.  1>2=3. Akimlar 1 noktasindan geger ve 2 ile 3’e dagilir.

10. 1>2=3. Akim hi¢bir yere ugramadan 1’den gectigi i¢in en biiyiik akim geger. 2 ve 3’de 1'deki akim
ikiye ayrilir.

11.  1>2=3. Akim hi¢bir yere ugramadan 1’den gectigi i¢in en biiyiik akim geger. 2 ve 3’de 1'deki akim
ikiye ayrilir.
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12.

13.

14.
15.

16.

17.
18.
19.
20.
21.
22.
23.
24.

25.
26.

27.

28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.

1>2=3. Akim hicbir yere ugramadan 1’den gectigi i¢in en biiyiik akim geger. 2 ve 3’de 1’deki akim
ikiye ayrilir

1>2=3"diir. Ciinkii 1 noktasinda enerjinin tamamu yer almaktadir. 2 ve 3 noktalarinda ayrilarak
ikiye ayrilmis, 1 noktasindan akim 2 ve 3’e yar1 yartya dagilmustir.

1>2=3.

1>2=3 olur. Akim 1’den gectikten sonra ikiye ayrilir. Yani akim iki kola béliiniir ve iki koldan da
ayni siddetle geger.

1>2=3. 1’deki akim biiytiktiir, ¢linkii tam olarak gecer. 2 ve 3’de akim yariya iner. Ciinkii iki telden
geger.

1>2=3. Akim 1 noktasindan sonra ikiye ayriliyor.

1>2=3. Akim 1 noktasindan sonra iki kola ayriliyor.

1>2=3. 2 ve 3 noktalarinda iki tane ampul var. 1 direkt akim alarak dagiliyor.

1>2=3. Ciinkii 2 ve 3. noktalara gelirken akim ikiye ayriliyor.

Ii>I>>Is 1. noktada akim béliinmemis. 1. noktadan sonra 2. ve 3. noktalara esit paylasilmstir.
1>2=3.

1>2=3.

1>2=3. 1’deki akim biiytiktiir, ¢linkii tam olarak gecer. 2 ve 3’de akim yariya iner. Ciinkii iki telden
geger.

1>2=3. Ciinkii 2 ve 3. noktalara gelirken akim ikiye ayriliyor

1>2=3. Akim hicbir yere ugramadan 1’den gectigi icin en biiyiik akim geger. 2 ve 3’de 1’deki akim
ikiye ayrilir.

1>2=3. Akim higbir yere ugramadan 1’den geger ve 2 ve 3'de i/2 olacak sekilde paylasilir. 1.si ise
i’dir.

Li=I>+Is ise Ii>I>=Is. Ciinkii akim iki kola ayrilir.

1>2=3.

ir>i>=i3 Paralel kollarda direncler 6zdes, akimlar esit olarak paylasilir.

i1>i>=is Paralel kollarda direngler 6zdes, akimlar esit olarak paylasilir.

ir>i>=i3 Paralel kollarda direncler 6zdes, akimlar esit olarak paylasilir.

ir>i>=is Paralel kollarda direngler 6zdesse, akimlar esit olarak paylasilir.

ir>i>=i3 Paralel kollarda direncler 6zdegse, akimlar esit olarak paylasilir.

ir>i>=i3 Paralel kollarda direngler 6zdesse, akimlar esit olarak paylasilir.

ir>i>=i3 Paralel kollarda direncler 6zdegse, akimlar esit olarak paylasilir.

ir>i>=i3 Paralel kollarda direngler 6zdesse, akimlar esit olarak paylagilir.

ir>i>=i3 Paralel kollarda direncler 6zdegse, akimlar esit olarak paylasilir.

ir>i>=i3 Paralel kollarda direngler 6zdesse, akimlar esit olarak paylasilir.

i1>i>=is Paralel kollarda direngler 6zdesse, akimlar esit olarak paylasilir.

ir>i>=i3 Paralel kollarda direncler 6zdegse, akimlar esit olarak paylasilir.

i1>i>=is Paralel kollarda direngler 6zdesse, akimlar esit olarak paylasilir.

ir>i>=i3 Paralel kollarda direncler 6zdegse, akimlar esit olarak paylasilir.

i1>i>=is Paralel kollarda direngler 6zdesse, akimlar esit olarak paylasilir.
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Category 2 (ir>i2>is)

1. 1. devrede daha ¢ok, 2. devrede normal, 3. devrede ise yok denecek kadar azdir. Ciinkii akim
kollara ayrilmistir.

1 ve 2 daha biiytiktiir. Ciinkii ilk akim1 onlar yapiyor.

1 ve 2 daha biiyiiktiir. Ciink{i akimlar ilk 6nce ona gelir.

1>2>3. Once akim 1’den, daha sonra 2 ve daha sonra 3'den geger.

1 akim daha fazladir. 2 akim normaldir. 3 daha az. Ciinkii direngleri az.

S T

1’in akim1 daha fazla ¢iinkii enerji direkt 2’de biraz daha azalir. Enerji 1’den sonra gelir. 3'de ise
daha azalir. Ciinkii enerji 1 ve 2'ye ugramustir.

1>2>3. Pile daha yakin daha sonra 2, sonra da 3’diir.

8. 1ve2noktalarinda akim daha biiyiiktiir. Ciinkii akim ilk onlara geliyor.

9. 1>2>3diir.

10. 1>2>3.nokta

11. 1>2>3. nokta

Category 3 (Deficient or not meaningful)

1. 1=2=3. Cilinkii devredeki akimlar A ve B ampullerine esit miktarda veriliyor.

2 Akimlarin biiyiikliikleri ayni, hepsi ayn1 boydadir, hepsi ayni biiyiikliiktedir.

3. Sekil 7’de akimlarin hepsi esittir.

4. 1=2=3 Ciinkii devreden gegen akim birbirine esit. Pilin voltajindan dolay1 devreden akim miktar1
ayni geger.

1, 2,3 akimlarinin biiyiikliikleri aynidir.

1=2=3. Akimlar esit ayrildig icin.

1 ve 2'deki akim esit. Ciinkii seri baghdir. 3’de ise daha azdur.

1 ve 2'de akimlar daha fazladir. 3'de ise daha azdir

© »® N o @

Ana kollarda daima akim fazladir. 1 ve 2 fazla 3 ise azdir.
10. 1. nokta >3. nokta >2. nokta

11.  1>3>2. Clinkii akim 6nce 1 sonra 3 daha sonra 2 gider.

Question 7.b

Category 1 (Bulbs A and B are the same in brightness because the same amount of current passes
through bulbs A and B)

1. Esittir. Clinkii A ve B birbirine paraleldir.

Ikisi de ayni1 yanar. Ciinkii ikisi de aymni elektriklidir.

Esittir. Clinkii burada A ve B ampulleri birbirine paralel oldugu igin.

Ikisinin de parlaklig1 aynidir.

Esit parlaklikta yanar. Paralel baglamadir.

S T

Esittir. Clink{i A ve B ampulleri birbirine paraleldir.

N

A ve B'nin parlakliklar1 ayni. Ciinkii ayni boyda, aynu biiyiikliikte olduklar1 igin.
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10.
11.
12.
13.
14.
15.

16.

17.

18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.

Ayni parlakliktadirlar. Akim tam ikiye boliintir.

A ve B ampullerinin parlakliklar1 ayn1 diye diistiniiyorum Ciinkii paralel baghlar.

Her ikisi de aym yanar. Ciinkii elektrik akimi hepsini ayn1 yakar.

A ve B esittir. Clinkii A ve B'ye ayn1 akimlar gider.

Ikisinin de parlaklig1 esittir. Birbirine karsilikl1 151k verirler.

Parlakliklar1 ayni. Ayni akim gelir.

Esit akim gectigi icin esit parlakliktadirlar.

Direngleri verilmedigi i¢in tam bir say1 verilmemistir ama A ve B ampullerinin parlakliklar
aynidir. Ciinkii paralel devreye baghdirlar.

Direngleri verilmedigi i¢in tam bir say1 verilmemistir ama A ve B ampullerinin parlakliklar
aynidir. Ciinkii paralel devreye baghdirlar.

Direngleri verilmedigi i¢in tam bir say1 verilmemistir ama A ve B ampullerinin parlakliklar
aynidir. Ciinkii paralel devreye baghdirlar

A=B’dir. Clinkii 2 ve 3 akimlarinda enerjiler esittir.

ikisi de ayni1 parlakliktadir. Ciinkii akim ikisine de ayni anda gelir.

A=B’dir. Paralel bagli ampuller akimlar es oldugundan ayni siddetle yanar. (6zdes ise)

A ve B’de akim yariya diistiigii igin ikisi de esittir. Ayn1 parlaklikta olurlar.

A ve B ampullerinin parlakliklari aymdir. Devreden gecen akimdan dolay1

A ve B ampullerinden ayni akim gectigi i¢in parlakliklar1 aynidir.

Esittir. Ayn1 akim gegiyor.

Parlakliklar aynidir. Ciinkii her ikisine de ayn1 akim gelir.

Ave B ampulleri ayn1 parlaklikta yanmigtir. 1. noktadan sonra akim esit olarak paylagilmstir.
Esittir. Ayn1 akim gegiyor.

A=B’dir. Clinkii ikisinden de gegen akimlar esittir

Ampullerin parlakliklar aynidir. Uzerlerinden gegen akimlar esittir.

Esittir. Ayn1 akim gegiyor.

A=B’dir. Clinkii ikisinden de gecen akimlar esittir

A=B’dir. Clinkii ikisinden de i/2’lik akim geger.

Esit parlaklikta yanar. Ciinkii {izerinden gegen akim esittir.

A ve B lambalarinin parlakliklar: aynidir. Ciinkii devre paraleldir.

A=B

A=B

A=B

A=B akim esit

A=B akim esit

A=B

A=B

A=B

A=B

A=B



45.
46.

A ve B paralel olduklari icin gerilimleri esittir. Bundan dolay1 parlakliklar esittir.

A ve B paralel olduklari i¢in gerilimleri esittir. Bundan dolay1 parlakliklar: esittir

47. A ve B paralel olduklari icin gerilimleri esittir. Bundan dolay1 parlakliklar: esittir

Category 2 (Bulb A is brighter because bulb A is closer to the battery)

1.

0 ® N o e b

10.
11.
12.
13.
14.

A ampulii daha parlak yanar B ampuliine gore

A B'ye gore parlaktir.

A ampulii daha parlak. 1 ve 3. akimlar buraya ugradig: icin.

A lambasi daha cok parlaklik gosterir. Ciinkii pile daha ¢ok yakindir.

A B’den parlaktir. Clinkii pilden ¢ikan akim 6nce A alir daha sonra ise B alir.
A daha parlaktir. B'ye gore akim fazladir.

A daha parlaktir. Ciinkii devrede en ¢ok akim ondan geger

A ampulii daha parlaktir.

A’daki 151k parlaktir. B'deki 151k ise daha azdir. Sebebi A’daki akim daha fazladir. Daha fazla
parlaklik gosterir.

A B’den daha parlak yanar

A ampulii B ampuliinden parlaktir.

A daha parlaktir. Pile daha yakindir.

A B’den daha parlaktir. Ciinkii akim ilk 6nce A’ya sonra B’ye gelir.

A B’den daha parlaktir. Ciinkii akim ilk énce A’ya sonra B’ye gelir

Category 3 (Bulb B is brighter because current first passes through bulb B)

1.
2.
3.

B ampulii daha parlaktir. Ciinkii akim ilk basta ondan geciyor.
B’de parlaklik daha fazladir.

B daha parlaktir. Ciinkii akim ilk ona geliyor.

B lambas1 A lambasindan daha parlaktir. Devreden gelen akim ilk olarak B noktasindan geger.
B ampulii daha parlaktir. Ciinkii en bagta akim ondan geciyor.

B akimi daha parlak. Ciinkii ilk basta akim ona gelir.

Category 4 (Deficient or not meaningful)

1.

A az parlaktir. Yakindir. B daha parlaktir. Uzaktir.

Question 8

Category 1 (Bulb A in Figure 8 is brighter because all of the current is consumed by only bulb A in

Figure 8)

1.

2.

Parlakliklari esit degildir. Ciinkii Sekil 7’de iki ampul vardir. Paralel baglidir. Sekil 8'de ise sadece
bir ampul vardir.

Sekil 8’deki lamba daha parlaktir. Ciinkii tek lamba var.
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S

10.

11.
12.

13.
14.

15.
16.
17.

18.
19.
20.
21.
22.
23.

24.
25.

26.

27.
28.
29.

30.
31.
32.

Sekil 7’deki lamba az yanar. Ciinkii iki devre oldugu i¢in A lambasi fazla yanmaz.

Sekil 7'de daha az, ¢linkii; iki tane lamba oldugu icin.

Sekil 8’de daha ¢ok parlaklik verir. Ciinkii 1, 3 gibi noktalardan ge¢medigi icin ¢ok parlaklik verir.
7. sekildeki lambanin parlakligi daha azdir. Ciinkdi, sekil 8’ deki akim sadece A lambasindan
geciyor.

7<8

Sekil 8’de lamba daha parlaktir. Ciinkii onda tek bir lamba var.

Sekil 8’deki A lambasi daha parlaktir. Ciinkii baska ampul olmadig1 icin daha parlaktir.

Sekil 8'deki biiyiiktiir. Clinkii sekil 7’deki akimi B lambasi da kullaniyor. Sekil 8'de akim direkt A
lambasina veriliyor.

7. sekilde daha az yanar. Ciinkii; akim 2'ye ayrilir. 8'de ise sadece dogru gelir ve gider.

Sekil 7’deki daha az yanar. Sekil 8 iyi yanar. Sebebi Sekil 7 2W elektrik olmas: sekil 8'de 1 W
elektrik akimi vardir.

Sekil 8'de biiyiik, sekil 7’de kiigiiktiir. Ciinkii sekil 7’de 2 tane ampul kullanilmus.

Sekil 7’de akim iki lambay1 yaktig1 icin parlaklig1 azdir. Fakat sekil 8’de akim sadece bir ampulii
yaktig1 icin sekil 7’den parlaktir.

Sekil 8’de daha parlaktir. Ciinkii sekil 8’de B ampulii kalkmus.

8 daha parlaktir. Ciinkii elektrik yiikii daha fazladir.

Parlakliklar esit degildir. Ciinkii sekil 7’de 2 ampul vardir. Paralel baghdir. Sekil 8'de ise sadece 1
ampul var.

Sekil 7’deki ampul daha soniik yanar.

7’deki lamba 8'deki lambadan daha park degildir.

Sekil 8’de tek ampul oldugu i¢cin daha parlak yanabilir.

8<7. Ciinkii 7’de akim B lambasina da gidiyor. Ancak 8'de sadece A lambasina gidiyor.

Sekil 8’'deki A lambas1 daha parlaktir. Ciinkii akim yiiksektir.

7’deki akim az parlar.

7’deki akim azdir. Ciinkii sekil8’de A lambasina etki eden akim daha ¢oktur.

Sekil 8'de daha parlak. Ciinkii sekil 7’de 2 ampul baglanmustir. Bu yiizden akim ikisine de
gelecektir.

Sekil 8’deki A daha parlaktir. Ciinkii o daha ¢ok 151k alir. Ama digerinde B ampuliide oldugu icin
B’ye de 151k gider ve 15181 yariya paylasirlar.

Sekil 8'deki sekil 7’den daha parlaktir.

Sekil 7’de akim direkt A lambasina gelmez. Bu yiizden 8 daha parlaktir.

Sekil 8'deki B lambas: daha parlaktir. Sekil 7’deki A lambasina gelen akim daha az oldugu igin
parlak degildir.

Sekil 7’de akim ikiye boliiniiyor. Bunun i¢in daha az parlak.

Sekil 8’'deki A lambasina direkt olarak akim gider. Diger kolda ise kisa devre olur.

Sekil 8’de A lambasi daha parlaktir.
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33.

34.
35.
36.
37.

Sekil 8’de daha parlak, ciinkii; seri bagl devrelerde lambalar paralel bagli olanlardan daha
parlaktir.

Sekil 7'de daha az parlaktir. Ciinkii 7’de A’da parlaklik normalin yarisidir.

8’deki A lambas1 daha parlaktir. Ciinkii akim direkt gelir. 7’deki A lambasina akim direkt gelmez.
Sekil 8'deki daha parlaktir. Ciinkii 7. sekilde iki ampul vardar.

8’de daha parlaktir.

Category 2 (They are the same in brightness because current is divided into two branches in both

figures)

1. Aymn parlaklikta olur.

2. Parlakliklar1 aymdir.

3. Aymdir ¢linkii akim giicti ayn1

4. Paralel olduklari i¢in parlakliklar: aynidir.

5. Ikisi de ayni. B ampulii alinmasina ragmen orada tel akimin ikiye béliinmesine neden olur. Ampul

olmasa da oradan akim gecer.
A lambalarinin parlakliklari her iki devrede de esittir. Ciinkii akim her iki devrede de ikiye
ayrilmigtir.

Ikisi de ayni parlaklig1 gosterir.

Category 3 (Bulb A in Figure 7 is brighter because current does not pass through bulb A in Figure 8)

1.
2.
3.

10.

11.

12.
13.

8 yanmaz, 7 yanar. Ciinkii sekil 8'de kisa devre olur. $ekil 7’de lambalar yanar.

8'de kisa devre olur ve A yanmaz.

Sekil 8’deki A lambas1 yanmaz. Ciinkii akim direnci sevmez. Diren¢ olmayan yolu seger. Sekil
7’deki A lambasi yanar, ¢link{i, {izerinden bir akim geger.

Sekil 7'de akim 3 noktasindan gegerek A lambasindan geger. Ancak sekil 8’de akmi direngle
karsilasmak istemeyeceginden A’ya ugramaz. Direkt telden geger.

Sekil 7'deki daha parlaktir. Sekil 8’deki yanmaz. Ciinkii kisa devre yapar.

Sekil 7’de A daha parlaktir. Sekil 8'de ampul yanmaz. Ciinkii kisa devre yapar.

Sekil 7’de A daha parlaktir. Sekil 8'de ampul yanmaz. Ciinkii kisa devre yapar.

Sekil 7’deki ampul yanar, ama sekil 8'de akim ampulden ge¢mez, diiz telden geger. Bu yiizden
sekil8’deki yanmaz.

Sekil 8'deki lambaya akim gitmez ve devre kisa devre olur. Akim her zaman bos teli seger. Direngli
tele ge¢mez.

Sekil 7’deki lambanin parlakligi daha biiyiiktiir. Ciinkii akim gitmez, ve kisa devre olur. Akim
daima bos teli seger.

Sekil 7’deki lambanin parlaklig1 daha biiyiiktiir. Ciinkii akim gitmez, ve kisa devre olur. Akim
daima bos teli seger.

74>8a 8'de ampul yanmaz. Akim bos telden geger.

72>84 8'de ampul yanmaz. Akim bos telden geger.
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14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.

74>8a 8'de ampul yanmaz. Akim bos telden geger.
74>8a 8'de ampul yanmaz. Akim bos telden geger.
72>84 8'de ampul yanmaz. Akim bos telden geger.
74>8a 8'de ampul yanmaz. Akim bos telden geger.
Sekil 8'de A ampulii yanmaz. Bos telden gecip gider.
Sekil 8’de A ampulii yanmaz. Bos telden gegip gider.
Sekil 8'de A ampulii yanmaz. Bos telden gecip gider.
74>8a 8'de ampul yanmaz. Akim bos telden geger.
72>84 8'de ampul yanmaz. Akim bos telden geger.
74>8a 8'de ampul yanmaz. Akim bos telden gecer.
72>84 8'de ampul yanmaz. Akim bos telden geger.
74>8a 8'de ampul yanmaz. Akim bos telden geger.
74>8a 8'de ampul yanmaz. Akim bos telden geger.
72>84 8'de ampul yanmaz. Akim bos telden geger.

Sekil 7’deki lamba daha parlak yanar, ¢iinkii; akim bos direnci segerek oradan gitmek ister.

Category 4 (Deficient or not meaningful)

1. Sekil 7’deki A daha parlaktir. Direng az, akim fazla.

2. Enparlak 7 sonra 8'dir. Sebebi 7'nin devresi daha biiyiik oldugu igin en biiytik 7'dir.
3. Sekil 7’de A lambasi daha parlaktir.

4. Sekil 7’deki ampul sekil 8’deki ampulden daha parlaktir.

Question 9

Category 1(Two terminals of the battery are connected to the bulb)

1.

o N o o »Dd

=
I

13.

+ ve — uclardan ampulii tel ¢ekimi ve bu tellerden akim gitmesi

Pilin iki tarafindan da ampule bagl tel vardir. Ampule 1s1k verir. Bir de pilin bitmemis olmasidir.

Ciinkii pilin 2 tarafindan da baglant1 kurmustur.

fletken telin hem + hem de — ucuna baglanmak

Pilin + ve — durumunda olmasi

Ampule bagl teller pilin hem + hem de — ucuna degdigi igin 151k verir.

Ciinkii ampul pilin + ve — kutuplarina baghdir.

Pilin + ve — kutbunda iletken tel ampul takili duya bagldir.

Ciinkii +, - uclara degiyor, haliyle yanar.

Ampule bagl bilunan kablolar pilin + ve — yonlerine baglanmis ve akim saglanmis
Ampuliin 151k vermesinin sebebi pildir. Pil olmasayd1 ampul yanmazdi.

Pilde + ugtan ¢ikan telin bir ucu duyun sol tarafina, - uctan gikan tel duyun sag tarafina takildig:
i¢in lamba yanar.

Ampul pilin her iki ucuna bagh oldugu i¢in
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14. Duya bagli olan piller hem + ucuna hem de — ucuna baglidir. Uzerinden bir akim geger. Pile bagh
oldugu icin gerilim vardir.

15.  Pil + ve — kutuplardan baglaniyor ve pilden gegen akim ampulii ulagiyor.

16. Telerin + ve — uglara baglanip, pilden gii¢ alinmasidir.

17.  Enerji veren bir pilin olmasi ve devre elemanlarinin tam olmasidir.

18. Hem + hem de — devrelerine baglanmustir.

19.  Ampuliin iki ucunun da pile bagh olmasidir.

20. Pil ve ampul birbirlerine dogru kutuplardan baglanmis

21. Ampuliin iki ucunun da pile bagl olmasidir.

22.  Akim +'dan —ye dogrudur. Buda ampuliin 1s1k vermesine etkendir. Ciinkii buradaki pilden gecen
akim pozitiften negatife dogrudur.

23.  Akim +'dan —‘ye dogrudur. Buda ampuliin 1s1k vermesine etkendir. Ciinkii buradaki pilden gecen
akim pozitiften negatife dogrudur

24. Bir iirete¢ var ve ampul bu {iretece + ve — kutuplardan bagli. Buda ampuliin yanmasi icin yeterli.

25.  Akim + kutuptan ¢ikip — kutba gider

26. Akim + kutuptan ¢ikip — kutba gider

27.  Akim + kutuptan ¢ikip — kutba gider

28. Teller pilin her iki tarafina baglanarak déngii saglanmistir. Ampuliin belirli bir dirence sahip
olmasi

29. Ampuliin + ve —uca baglanmasi, devrenin tamamlanmasi

30. Akim + kutuptan ¢ikip — kutba gider

31. Akim + kutuptan ¢ikip — kutba gider

32.  Akim + kutuptan ¢ikip — kutba gider

33. Akim + kutuptan ¢ikip — kutba gider

34. Akim + kutuptan ¢ikip — kutba gider. Bu yiizden 151k sacar.

35.  Ampul iiretecin iki cunu da baghdir.

36. Akim + kutuptan ¢ikip — kutba gider

37. Akim + kutuptan ¢ikip — kutba gider.

38. Akim + kutuptan ¢ikip — kutba gider

39. Akim + kutuptan ¢ikip — kutba gider

40. Yanmasi igin elektronlarin hareket etmesi ve akim olusmasi gerekir. Bunun iginde lambalar pilin +
ve — ucuna baglanir. Bu yiizden 1s1k verir.

41. Pil vardir. lletken tel vardir. Pilin + ve — uglarina bagl ampuliin iginde de filaman vardar.

Category 2 (The bulb takes electricity from both of the positive and negative terminals)
1. Her iki kutuptan da enerji aliyor. Yalitkan tellerle baglanmis

Ampul pilden hem + hem de - yiik aldig1 icin

Clinkii ampule hem + hem de - taraftan gii¢ gelmektedir.

Ciinkii ampul hem + hem de - y{iklii ugtan elektrik aldig1 i¢in

S

Iki ucunda elektrik vermesi
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6. +ve-—yikle baglanmistir.

7. Iki kutuptan da akim gelmesi ve pildir.

8. Her iki kutuptan da enerji almasi

9.  Pil, + ve —yiikler

10. +ve — birbirini ¢ektigi icin ampul daha iyi 151k verir.

11. +ve —yiikler birleserek bir enerji ortaya ¢ikar, buda ampuliin iginde ¢ikardig: enerji 151k enerjisine
doner, bu yiizden yanar.

12.  Pillerin uglarindaki yiikler

13. Nedeni pilden + ve — yiik alarak ampuliin 151k vermesinin saglanmasidar.

14. Pildeki enerji akim kuvveti yanmasini saglar. Yiikler pile geger.

15.  Elektrik akim1 hem + hem de- oldugu igin yanar.

16. Ampul hem + hem de —'ye baglandigindan, iki devreden de ampule akim gelir.

17.  + ve —yiike baglanmis olmasi

18. Hem + hem de - yiiklere bagh

Category 3 (A connection between a bulb and the negative terminal of a battery is enough to light up a
bulb)

1. Ampul is1k verir, ¢iinkii bir pile bagl pilin — ucundan gelen akim ampuliin yanmasini saglar.

Category 4 (A connection between a bulb and the positive terminal of a battery is enough to light up a
bulb)

1. +ucabagh oldugu i¢in yanar.

Category 5 (Deficient or not meaningful)

1. Ciinkii + ve — birbirini sevmedigi i¢in elektronu disariya verir ve ampuliin parlamasina sebep olur.

Question 10

Category 1 (It changes in the first case, but not in the second case because only R affects the bulb)

1. V=IR. Akim her yerden ayni geger. Yalmz R'ler etkiler. Ri etkiler lambay ¢iinkii, ilk akim oradan
geger.

2. V=IR. Akim her yerden ayni geger. Yalniz R'ler etkiler. R: etkiler lambayx ¢iinkii, ilk akim oradan
geger.

3. V=IR. Akim her yerden ayn1 gecer. Yalniz R'ler etkiler. Ri etkiler lambay1 ¢iinkii, ilk akim oradan
geger.

4. 1lk durum: Azalir. Akim daha biiyiik bir direngten etkileniyor. Ikinci durum: Degismez. Ampuliin

etkilendigi direng Ru.
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10.

11.

12.

13.

14.

15.

16.

17.

[k durum: Azalir. Akim daha biiyiik bir direncten etkileniyor.

etkilendigi direng Ru.

[k durum: Azalir. Akim daha biiyiik bir direncten etkileniyor.

etkilendigi direng Ru.

[k durum: Azalir. Akim daha biiyiik bir direncten etkileniyor.

etkilendigi direng Ru.

[k durum: Azalir. Akim daha biiyiik bir direngten etkileniyor.

etkilendigi direng Ru.

[k durum: Azalir. Akim daha biiyiik bir direngten etkileniyor.

etkilendigi direng Ru.

[k durum: Azalir. Akim daha biiyiik bir direngten etkileniyor.

etkilendigi direng Ri.

[k durum: Azalir. Akim daha biiyiik bir direngten etkileniyor.

etkilendigi direng Ri.

[k durum: Azalir. Akim daha biiyiik bir direngten etkileniyor.

etkilendigi direng Ri.

[k durum: Azalir. Akim daha biiyiik bir direngten etkileniyor.

etkilendigi direng Ri.

[k durum: Azalr. Akim daha biiyiik bir direngten etkileniyor.

etkilendigi direng Ri.

[k durum: Azalr. Akim daha biiyiik bir direngten etkileniyor.

etkilendigi direng Ri.

[k durum: Azalir. Akim daha biiyiik bir direncten etkileniyor.

etkilendigi direng Ru.

[k durum: Azalir. Akim daha biiyiik bir direncten etkileniyor.

etkilendigi direng Ru.

Ikinci durum

Ikinci durum

Ikinci durum

Ikinci durum

Ikinci durum

Ikinci durum

ikinci durum

ikinci durum

ikinci durum

Ikinci durum

Ikinci durum

ikinci durum

Ikinci durum

: Degismez.

: Degismez.

: Degismez.

: Degismez.

: Degismez.

: Degismez.

: Degismez.

: Degismez.

: Degismez.

: Degismez.

: Degismez.

: Degismez.

: Degismez.

Ampuliin

Ampuliin

Ampuliin

Ampuliin

Ampuliin

Ampuliin

Ampuliin

Ampuliin

Ampuliin

Ampuliin

Ampuliin

Ampuliin

Ampuliin

Category 2 (It changes in the second case, but not in the first case because only R2 affects the bulb)

1.

[k durum: Ri direncinin 20 ohm olmast bir seyi degistirmez. Ciinkii; akimin geldigi son noktadir.

Ikinci durum: R: direncinin 20 ohm olmas1 ile ampuliin parlaklig1 azalma gosterebilir.

Category 3 (It does not change in both cases)

1.

S G w DD

Her iki durumda da degisiklik olmaz. Ciinkii seri bagldar.
Degisiklik olmaz. Her durumda da 20 ohm’luk direng var.
Degisiklik olmaz. Ayni akimui ilettigi igin.

Her iki durumda da degisiklik olmaz.

Ayni direngler baghdir. Degisiklik olmaz.

Ay direngler baghdir. Degisiklik olmaz.
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7.
8.

Ayni direngler baglidir. Degisiklik olmaz.
Aynu direngler baghidir. Degisiklik olmaz.

Category 4 (Deficient or not meaningful)

1.

10.

Ik durum: 10+10=20 ohm. Sonra 10+20=30ohm. ikinci durum: 10+10=20 ohm. Sonra 10+20=300hm.

Evet olur. Devreden gecen akim siddeti degisir.

Her iki durumda da degisiklik olur. Ciinkii, {iretecin akimi 6biir dirence de gidecegi igin
direnglerin ohm’u diiger.

[k durum: Mesela devrenin gerilimi 40 V ve lambanin direnci de 10 ohm ise bu durumda
devreden bir akim geger ve ampuliin gerilimi 10 V'dur. ikinci durum: 40 = IRes, 40 = 1.40, I=1 ve
Viamba=1.10=10V olur. Yani parlaklikta bir degisiklik olmaz.

[k durum: Mesela devrenin gerilimi 40 V ve lambanin direnci de 10 ohm ise bu durumda
devreden bir akim geger ve ampuliin gerilimi 10 V’dur. Ikinci durum: 40 = IRes;, 40 = 1.40, I=1 ve
Viamba=1.10=10V olur. Yani parlaklikta bir degisiklik olmaz.

[k durum: Mesela devrenin gerilimi 40 V ve lambanin direnci de 10 ohm ise bu durumda
devreden bir akim gecer ve ampuliin gerilimi 10 V'dur. ikinci durum: 40 = IRes, 40 = 1.40, I=1 ve
Viamba=1.10=10V olur. Yani parlaklikta bir degisiklik olmaz.

Ikinci durumda ampul daha parlak. Ciinkii direng arttikga parlaklik artar.

[k durum: Daha parlak yanar. Ciinkii direng daha fazladir. Ampulden direng gegmektedir. Tkinci

durum: Daha soniik yanar. Diren¢ ampule ugramamuisgtir.

[k durum: Daha parlak yanar. Ciinkii direng daha fazladir. Ampulden direng gegmektedir. Tkinci

durum: Daha soniik yanar. Diren¢ ampule ugramamaisgtir.

[k durum: Daha parlak yanar. Ciinkii direng daha fazladir. Ampulden direng gegmektedir. Tkinci

durum: Daha soniik yanar. Diren¢ ampule ugramamaisgtir.
[k durumda normal bir parlaklikla yanar. {kinci durumda daha parlak yanar. Direng arttikga

parlaklik artar.

Question 11

Category 1 (Rk.>Rmn)

1.

[k durumda baglant1 diiz oldugu igin direng daha fazladir. ikincisinde paralel oldugu igin direng

daha azdir.

[k durumda baglant: seri oldugu igin direng daha fazladir. Ikincisinde paralel oldugu igin direng

daha azdir.
Ri>Rmn

[k durumda baglant: diiz oldugu igin direng daha fazladir. fkincisinde paralel oldugu igin direng

daha azdir.

[k durumda baglant: seri oldugu igin direng daha fazladir. fkincisinde paralel oldugu igin direng

daha azdir.
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10.
11.
12.

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.

[k durumda baglant: seri oldugu igin direng daha fazladir. Tkincisinde paralel oldugu igin direng
daha azdir.

Rk seri bagh oldugu igin esdeger direnci daha fazladir.

Rxv>Rmn

KL>MN. K-L seri baglidir. M-N ise paralel baglidir.

Rxi=Ri+R2 ve Run=(R1.R2) / (R1+Rz2)’dir. Bundan dolay1 Rk>Rmn
Rxe=Ri+R2 ve Run=(R1.R2) / (R1+Rz2)’dir. Bundan dolay1 Rkt>Rmn

Sekil 11 seri baghdir. Esdeger direng direnglerin toplamidir. Diger sekil ise paraleldir. Esdeger
direng azalir. Bundan dolayi ilk esdeger direng daha biiytiktiir.

Sekil 11>Sekil 12. Ciinkii gii¢ yarima diiser. Sekil 11'de ise diiz baghdir.
Rxi=Ri+R2 ve Run=(R1.R2) / (R1+R2)’dir. Bu durmda ayn1 olamaz.
Birincisi seri baghdir. Tkincisi paralel.

Birincisi 2R1. Ikincisi ise R1/2’dir. Reski>Resmn

T1ki seri bagh oldugu icin daha biiyiiktiir.

Birincisi 2R1. Ikincisi ise R1/2’dir. Reski>Resmn

(R1+R2) >(R1.R2) / (Ri+R2)’dir. Bundan dolay1 Rkt>Rmn

Rxi=Ri+R2 ve Run=(R1.R2) / (R1+Rz2)’dir. Bundan dolay1 Rk>Rmn
Rxr=Ri+R2 ve Rmn=(R1.R2) / (R1+R2)'dir. Bundan dolay1 Rki>Rvn
Rxkr=Ri+R2 ve Run=(R1.R2) / (R1+R2)’dir. Bundan dolay1 Rkt>Rvn
Rxi=Ri+R2 ve Run=(R1.R2) / (R1+Rz2)’dir. Bundan dolay1 Rkt>Rmn
Rxkr=Ri+R2 ve Run=(R1.R2) / (R1+R2)'dir. Bundan dolay1 Rkt>Rvn
Rxi=Ri+R2 ve Rmun=(R1.R2) / (R1+Rz2)’dir. Bundan dolay1 Rkt>Rmn
Rxkr=Ri+R2 ve Run=(R1.R2) / (R1+R2)'dir. Bundan dolay1 Rkt>Rvn
Rxi=Ri+R2 ve Run=(R1.R2) / (R1+Rz2)’dir. Bundan dolay1 Rk>Rmn
Rxr=Ri+R2 ve Run=(R1.R2) / (R1+R2)’'dir. Bundan dolay1 Rxke>Rvn
Rxe=Ri+R2 ve Run=(R1.R2) / (R1+R2)’dir. Bundan dolay1 Rk>Rmn
Birincisi 2R1. Ikincisi ise R1/2’dir. Reski>Resmn

Birincisi 2R1. Ikincisi ise R1/2’dir. Reski>Resmn

Birincisi 2R1. Ikincisi ise R1/2’dir. Reskt>Resmn

Birincisi 2R1. Ikincisi ise R1/2dir. Reski>Resmn

Category 2 (RkL=Rmn)

1. Ikisi de esittir. Ilkinde seri, ikincisin de paraleldir.

2. Ikisi de esittir

3. Esittir. Ciinkii, ikisi de aym sekilde akim iletir ve ulagir.
4. Rxr=Rmn

Category 3 (Rk<Rmn)
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1. Seri ve paralel bagl olduklari icin esdeger paralelde daha goktur.

Question 12

Category 1(Yes, it lights up)

—_

Verir, ¢linkii iki tarafla da baglanti kurulmustur.
Isik verir. Her iki uca da iletken tel degiyor. Ve ampule iletken tel degiyor.
Isik verir. Cilinkii diiz baglanmisgtir.

Isik verir. Ampul telle baglandig1 igin + ve — yiiklere dokunduruldugu igin yanar.

2

3

4

5. Isik verir. Ampul telle baglandig1 igin + ve — yiiklere dokunduruldugu i¢in yanar.

6 Verir, ¢linkii ampul iki kutba da baghdir.

7. Verir, ¢linkii elektrik teli baglanmigtir.

8.  Verir. Ciinkii kablo hem — hem de+ degiyor. Degince de yanar.

9.  Verir. Elektrik devresi hem — yiike hem de + yiike baglandig; icin 1s1k verir.

10. Verir. Elektrik devresi hem — yiike hem de + yiike baglandig igin 151k verir.

11.  Verir. Ciinkii pilin iki ucu da bagl.

12. Isik verir. Ciinkii -, + kutuplar1 ampulii yakar.

13. Isik verir. Hem alt tarafindan elektrik yiikii verilmis hem de {ist tarafindan — ve + elektrik yiikiiniin
birlesmesiyle ampul 11k verir.

14. Evet verir, ¢linkii pilden + ve — yiik aldig1 icin 151k verir.

15.  Verir. Ciinkii teller + ve — uclarina ve ampule baglanmustir.

16. Ampul 151k verir. Ciinkii kablonun ucu + ve — kutba da degiyor.

17.  Isik verir. Ciinkii kablonun + kisminin ucu — kismina degdiriliyor.

18. Tabi ki 151k verir. Ciinkii her iki kutba da bagh.

19. Isik verir. Ciinkii lambaya temas halinde. Bagl oldugu igin.

20. Yanar. Cilinkii ampul {iretece bagl.

21.  Ampul isik verir. Ciinkii — uca baglanmistir.

22. Verir. Ciinkii teller + ve — uglarina ve ampule baglanmaisgtir.

23. Verir. Teller hem + hem de — gecer.

24. Verir. Ciinkii teller + ve — uglarina ve ampule baglanmistir.

25. Verir. Eger telin ucu sadece +'ya olsaydi 151k vermezdi ama telin bir ucu da —de. Buda telin 151k
vermesine sebep olur.

26. Isik verir. Ciinkii ampul pilin hem + hem de- ucuna bagl.

27.  Ampul yanar. Akim + ve — yiiklerle baglanip ampule gitmistir.

28. Isik verir. Ciinkii ampul pilin — ucuna ve + ucuna baglanmigtir.

29. Verir. Ciinkii — uca baglanmistir.

30. Verir. Ciinkii — uca baglanmustir.

31. Verir. {letken tel yardimuyla.

32. 1sik verir. Ciinkii lambaya ister +'dan ister —'den akim gelebilir.

33. Verir. Clinkii her iki kutuptan da akim aliyor.
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34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.

Isik verir. Tel sayesinde elektron gecisi saglanur.

Evet 151k verir. Ciinkii tel sayesinde elektron gegisi olur.
Evet 151k verir. Ciinkii tel sayesinde elektron gegisi olur. Telin bir ucu + bir ucu — uca baglanmistr.
Yanar. + ve —'ye deger.

Yanar. + ve —ye deger.

Yanar. + ve —'ye deger.

Yanar. + ve —"ye deger.

Yanar. + ve —‘ye deger.

Ampul - ve +'ya bagh oldugu i¢in yanar.

Ampul 151k verir. Clinkii akim +'dan —"ye gitmektedir.
Ampul g1k verir. Clinkii akim +'dan —ye gitmektedir.
Yanar. + ve —‘ye deger.

Ampul 151k verir.

Yanar. + ve —ye deger.

Isik verir. Clinkii ampul pilin hem + hem de- ucuna bagl.
Yanar. + ve —ye deger.

Yanar. + ve —'ye deger.

Yanar. + ve —ye deger.

Category 2 (No, it does not light)

10.
11.
12.

13.
14.
15.
16.
17.

Vermez. Kisa devre yapar.

Isik yanmaz. Ciinkii ampule degmez. Kisa devre yapar, 151k vermez.

Vermez, ¢iinkii; tek kablo ile hem + hem de — kutuptan enerji alinmaz. Kabloda + ve — enerjiler
birbirine karigir.

Vermez, sebebi de tel pillerin ortasindan degil, ucuna takilmasi gerekir. Bu yiizden 151k vermez.
Vermez.

Vermez, ¢linkii...

Yanmaz, ¢iinkii iletken tel ampule degmiyor.

Vermez. Ciinkii kisa devre yapar.

Isik vermez. Ciinkii tel ampule degmemis.

Vermez. Ampul direkt baglanmis

Vermez, ¢iinkii kisa devre yapar.

Isik vermez. Ciinkii ampul baglama sekli dogru degildir. Kisa devre yapar, yanmaz. Ampul duya
baglanmamustir.

Isik vermez. Ciinkii kisa devre yapar.

Ampul 15181 vermez. Ciinkii kisa devre yapar.Vermez, ¢iinkii kisa devre yapar.

Kisa devre yapar vermez.

Kisa devre yapar. Ciinkii - yiikil yine + uca geri verir. Ampule etki etmez.

Vermez, ¢iinkii ampule dogru olarak baglanmamus.
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18. Vermez. Ciinkii devrede kisa devre var. Lambann yan tarafina degdirilmelidir.

19. Vermez. Ciinkii devrede kisa devre var. Lambanin yan tarafina degdirilmelidir.

20. Hayir vermez. Ciinkii + uca temas yoktur.

21. Vermez, Clinkii iletken tel pilin + ve — ucuna bagh degil.

22. Isik vermez. Ampul — uca bagh degil.

23.  Vermez. Cilinkii ampule bagli u¢ ampuliin u¢ kismina baglanmasi lazim.

24. Vermez.

25. Vermez.

26. Vermez. Ciinkii — u¢ duya baglanmamus.

27. Vermez. Bir telin iki kutba degmesi yiiziinden yanmaz.

28. Isik vermez. Nedeni tellerin uglarinin tam olarak degmesi gerekir. + ve — uglarina tel
dokundurulursa ampul yanar.

Question 13

Category 1 (i1>is>I2because most of the current passes straight the branch at which point 3 is on)

L

© % N

1>3>2

Devre 1’de akim biiyiiktiir. Sonra 3’de, sonra da 2'de.

Once 1, sonra 3, sonra da 2'ye gider. Clinkii elektrik akimi1 hep diiz gider.

1>3>2

1’in akim siddeti biiyiiktiir. Ciinkii ok isareti 1’den gegerek diger sayilara geger. 3'tin akim1 2’den
fazladir. Ciinkii elektrik akimi hi¢ kivrilmadan diiz giderse daha ¢abuk ulasir. 2 akim siddeti en
azdir.

1>3>2. 1 noda akim daha 6nce oldugu icin biiytiiktiir. 3 numarada akim birden direkt geldigi igin
fazladir. 2’de daha azdur.

1>3>2

1. akim>3. akim>2. akimdr.

1>3>2. Ciinkii ilk olarak 1’e, ikinci 3’e, 3. de 2’ye akim gider.

1>3>2. Akimun yonii 1 yoniinde, ondan 1 biiyiiktiir.

1>3>2. Akim ilk 1’e, oradan 3’e, sonra 2'ye gittigi icin.

Category 2 (ir>i2=Isbecause current divides equally at the junction)

AL L

Direncin fazla oldugu yerde akim az, direncin az oldugu yerde akim fazladur.

1>2=3

1>2=3.

1>2=3"diir. Ciinkii 1i ayn1 sekilde gecer. Sonra ise 2 kola ayrilir. Bu yiizden de esit olur.
1 biiytiktiir. 2 ve 3 ise esittir.

1 biiyiiktiir. 2 ve 3 ise esittir. Clinkii akim orada 2’ye ayrilir.
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7. 1’de akim ana kolda oldugu i¢in fazladir. 2 ve 3 noktalarinda akim esittir. Ciinkii ana koldan ikiye
ayriliyor.

8. 1’in akim siddeti en biiyiiktiir. 2 ve 3 birbirine esittir ve toplamlar1 1'in akim siddetini verir.

9.  Sekil I'de daha fazla, Selil II velll’de esittir.

10. 1>2=3. Ciinkii 6rnek veriyorum. Elektrik akimi 1’e i diye gelir. Daha sonra 2'ye ve 3’e i/2 diye
ayrilir.

11. 1’de fazladur. 2 ve 3'de esittir.

12.  1>2=3. Ciinkii 1’de akim i'dir, seridir. 2 ve 3’de ise akim i/2’dir. Clinkii akim ikiye ayrilir.

13.  En biiyiik 1’dir. Daha sonra akim 2 kola ayrilir. 2 ve 3’iin akim siddeti 1’den kiiciik ve birbirine
esittir.

14. 1>2=3

15.  1>2=3. Ciinkii 1’de akimin hepsi gecer. 2 ve 3'de ise akim ikiye boliind{igii i¢in akimin yaris1 geger.

16. 1>2=3. Akim kollara ayrilmadan geldigi i¢in biiytiktiir. 2 ve 3’e gelmeden 6nce akim iki kola ayrilir.

17. 1>2=3.

18. 1>2=3. Paralel devrede akim esit olusur.

19. 1>2=3.

20. i1>i2=is, i1>i2+Hs

21.  i1>i2=is, i1>i2+3

22, i1>i=is, 11>i2+H3

23.  i1>i2=i3, i1>i2Hs

24. 1>2=3. Ana koldan gelen akmim 1 oldugu i¢in 1 daha biiyiiktiir. 2 ve 3’de akimlar 1’den ayrilir.

25. 1>2=3

26. i1>i2=is, 11>i2+3

27.  i1>i2=is, i1>i2+Hs

28.  i1>i2=i3, i1>12+3

29.  i1>iz=is, i1>i2+Hs

30. i1>i2=i3, i1>i2+3

31.  i1>ie=is, i1>i2Hs

32, i1>i2=i3, i1>12+3

33, i1>i2=is, 11>i2+3

34. i1>ix=is, i1>i24s

35.  i1>i2=is, 11>i2+3

36. i1>i2=is, i1>i2+s
Category 3 (Deficient or not meaningful)

1. 1 ve 3 noktalarmin biiyiikliigii esittir. 2'nin ise daha fazladur.

2. Akimlarin biiytikliikleri ayn.

Question 14
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Category 1 (Bulbs A and B are the same in brightness)

—_

Esit gider. ikisi de aym anda yanar.

Parlakliklar1 ayrdir. Birbirlerine paralel olduklar: igin.

Kargilagtirdigimizda A ve B'nin parlakliklar: aynidir.

A ve B ayni parlaklikta yanarlar.

Parlakliklar1 aynidir. Ama ilk 6nce B sonra A yanar.

Parlakliklari ayni. Ayni boyda ve biiyiikliiktedirler.

Parlakliklar esittir. Ciinkii paralel baglanmislardir. Akim 3 esit parcaya ayrilir.

Parlakliklar1 ayrudir. Birbirlerine paralel olduklar: igin.

v N o o »Dd

Esit olur. Ciinkii paralel akim kollara esit sekilde ayrilir.

—_
=

Parlakliklari esittir. Ama B daha parlaktir gibi goriiniiyor.

—_
—_

Parlakliklar esittir.

—
N

A=B.Ciinkii devre paraleldir.

—_
@

Ikisi de ayni yanar. Ciinkii ayr direng geger.

—
-~

Parlakliklari esittir. Ciinkii paralel olduklar i¢in gegen akimlar esittir.

—_
o

Esittir. Parlakliklari esit olur.

—_
o

A=B. Akimlar 3’e boliiniir ve A ile B'nin aynu sekilde 151k vermesini saglar.

Category 2 (Bulb B is brighter)

1. Bampulii A ampuliinden daha parlaktir. Ciinkii B akim1 daha &nce alir.

2. Bampulii daha parlaktir. Enerji daha once gelir.

3. B’dedaha fazla

4. B pile daha yakin oldugundan daha parkaltir.

5. B A’yagore daha parlaktir. Clinkii pilden gelen ilk enerji ilk 6nce ondan geger.
6. B daha parlaktir. Ciinkii akim1 6nce B alir.

7. B daha parlaktir. Clinkii pilin enerjisi A ‘dan daha ¢abuk B’ye gelir.

8. B ampulii daha parlaktir. Ciinkii B ampulii pile daha yakimndir.

9. B pile daha yakin oldugu i¢in daha bir parlak yanar.

10. B daha parlaktir. Ciinkii elektrik B'ye daha yakindir.

11. B daha parlak. Akim 6nce B’ye gelir.

12. B A’dan parlaktir. Pile daha uzak oldugu igin.

13. B’de A’ya gore daha parlaktir.

14. B>A. Ciinkii enerji ilk basta o lambaya gittigi icin

15. B ampulii daha parlaktir. Ciinkii 6nce B’ye gecer.

16. B ampulii daha parlaktir. Ciinkii akim en basta B’deb gegmektedir.

17. B, A’ya gore daha parlak yanar. {lk akim B’den geger.

18. B, A’ya gore daha parlak yanar.

19. B>A. Ciinkii B’de sadece iki kola ayriliyor. Ama A’ya gelinceye kadar daha fazla kola ayriliyor.
20. B daha parlak yanar. A'nin parlakligi daha azdur.
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21.

22.

B>A’dir. B'ye akimin yarisi gitmistir. A’ya yarsinin yarisi gitmistir. Bu tiizden B A’dan daha
parlaktir.

B daha parlaktir. Pile daha yakin oldugu igin.

Category 3 (Both bulbs do not light due to short circuit)

1.
2.

A ve B isik vermez. Yeterli akim olmadig igin.

A ve B ampulleri yanmaz. Ciinkii devrede bulunan A ve B ampulleri arasindaki iletken tel kisa
devre yaptirmigtir devreye.

Sekilde kisa devre olur. A ve B lambalar1 yanmaz.

Devre yanmaz. Akim bos telden gecer gider.

Category 4 (Bulb B lights, bulb A does not light due to short circuit)

1.

10.

11.

12.
13.
14.
15.
16.
17.
18.
19.

B ampulii biraz yanmaktadir. A ampulii yanmamaktadir. Ciinkii a ve b arasinda bagka bir elektrik
akimi oldugu i¢in ona fazla gitmez. Bu yiizden A ampulii yanmaz.

Akim ilk 6nce 2'ye ayrilir ve B'yi yakar. Daha sonra iistteki telden gecerek pile ulasir. Yani B
yanar, A yanmaz.

B ampulii A’dan parlaktir. B'den 5A, A’dan 2.5A akim geger. Yalniz kisa devre var. Akim bos
telden gecer.

B, A’dan biiyiiktiir. Ciinkii A kisa devreden dolay1 yanmaz.

B>A. Paralel devreler. Yalmz A ve B lambalar1 arsindan bir tel gegmistir. Akim A’ya ugramadan
gecerek kisa devre yapar.

B>A. Paralel devreler. Yalmz A ve B lambalar1 arsindan bir tel ge¢gmistir. Akim A’ya ugramadan
gecerek kisa devre yapar.

B>A. Paralel devreler. Yalniz A ve B lambalar1 arsindan bir tel gecmistir. Akim A’ya ugramadan
gecerek kisa devre yapar.

B>A. A’dan akim ge¢gmez, ampul yanmaz.

B>A olur. Ureteg V potansiyeline sahipse B’de V potansiyeline sahiptir. Bos telden dolay1 A kisa
devre olur ve yanmaz.

B>A olur. Ureteg V potansiyeline sahipse B’de V potansiyeline sahiptir. Bos telden dolay1 A kisa
devre olur ve yanmaz.

B>A olur. Ureteg V potansiyeline sahipse B’de V potansiyeline sahiptir. Bos telden dolay1 A kisa
devre olur ve yanmaz.

B>A. B yanar, A yanmaz. Akim bos telden geger.

B>A. B yanar, A yanmaz. Akim bos telden gecer.

B>A. B yanar, A yanmaz. Akim bos telden geger.

B>A. B yanar, A yanmaz. Akim bos telden geger.

B>A. B yanar, A yanmaz. Akim bos telden gecer.

B>A. Ciinkii B yanar, A kisa devre olup yanmaz. Akim bos telden gecip gider.

B>A. B yanar, A yanmaz. Akim bos telden gecer.

B>A. B yanar, A yanmaz. Akim bos telden geger.

154



20.
21.
22.
23.
24.
25.

B>A. B yanar, A yanmaz. Akim bos telden gecer.
B>A. B yanar, A yanmaz. Akim bos telden gecer.
B>A. Ciinkii B yanar, A kisa devre olup yanmaz. Akim bos telden gecip gider.
B>A. Ciinkii B yanar, A kisa devre olup yanmaz. Akim bos telden gegip gider.
B>A. B yanar, A yanmaz. Akim bos telden geger.

A yanmaz. Kisa devre olur. Ciinkii akim her zaman kolay kolu seger.

Category 5 (Deficient or not meaningful)

1.
2.

A ampulii daha parlaktir. Ciinkii akim ilk A’dan geger.

Sonugta ikisinin de akimlar1 ayn1 ve ayni direngler. Ama paralel oldugu i¢in akim da A’dan daha
¢ok gecer. A’daki akim B’deki akimdan daha fazladir.

A’da daha fazladir. B’de ise daha azdur.

A uzak oldugu icin daha parlaktir.

A daha parlaktir. Ciinkii akim &nce A’ya sonra B’ye gelir.
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SPECIFICATIONS FOR THE OPEN-ENDED QUESTIONNAIRE

APPENDIX F

ltems
1 2 3 456 7 8 9 10 11 12 13 14 Total

M1~ * 2

M2 * 1

M3 * * * 3
2 M4 > * 2
2 M5 § § 2
§ M6 * * * 3
s M7 * * 2
@ M8 * * 2
= M9 * 1

M10 * 2

M11 * * 2

M12 1

Total 2 1 1 2 3 2 2 1 2 1 1 2 1 2 2

EXPLANATIONS

M1 : Sink Model

M2 : Attenuation Model

M3 : Sharing Current Model

M4 : Clashing Current Model

M5 : Empirical Rule Model

M6 : Short Circuit Misconception

M7 : Power Supply as a Constant Current Source Model

M8 : Parallel Circuit Misconception

M9 : Sequential Reasoning

M10 : Local Reasoning

M11 : Confusion between Current Flow and Water Flow

M12 : Vibrating Tungsten Filament
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APPENDIX G

SIMPLE ELECTRIC CIRCUIT DIAGNOSTIC TEST

BASIT ELEKTRIK DEVRELERI
Uc¢ Basamakli Test >'|

OKULU  : )
SINIFI : ||
CINSIYETI :[ Erkek [ Kiz )l

Yinergeler '

yazarak, cinsiyetinizi isaretleyiniz. '

Buitiin sorulara cevap vermek i¢in gayret giisteriniz. ’

Devrelerde kullamilan pil ve ampuller Gzdestir. '

Devrelerde kullamlan piller ideal pillerdir. Yani, pillerin i¢ direncleri tnemsizdir. ’

Ikinci basamak sorularda verilen sebeplerden birini tercih etmezseniz bos birakilan

sikka kendi sebebinizi yazmalisimiz. 'l

(L ST

Sinavda Kullamlan Sembaoller '

s k- ':I
o P ::'-‘
|| L (

Lambalar | Ampul takds duy )l

D
;
)
)
)
<
|
4
;
4
II{ . Sinava baslamadan 6nce yukanda verilen kisma okulunuzun adimt, simifimz 3
ll‘ |
)
;
|4
'4
;
)
)
)
4
)
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SORULAR @

1.1. Sekil 1°de gosterilen devredeki ampul 151k verir mi? g
. -
(a) Evet, 151k verir. &
(b) Hayur, 151k vermez. ©
&

g

1.2. Yukarida verdigim cevabin sebebi; Seldl 1
(a) Pil ve ampul temas halindedir.
(b) “4” ve “-” yiiklerin ampulde birlesmesi icin pilin
yan metal kismina bir tel baglanmalidir.
(¢) Ampulden akim ge¢mesi i¢in pilin “-” ucundan ampuliin yan metal
kismina bir tel baglanmalidir.

[T

ucundan ampuliin

1.3. Yukaridaki iki soruya verdigim cevaptan;
(a) Eminim.
(b) Emin degilim.

2.1. Sekil 2’deki elektrik devresinde ana koldaki akim 1,2 A olarak verilmistir.
Buna gore i, i, ve i3 akimlarinin biiyiikliiklerinin degerleri kagtir?

(a) 0,6/0,3/0,3 4.13_@7
(b) 0.4/04/0,4
A,iﬂ_@i

iy

3

$i=124

[[@ Pils |EJI

ekl 2
2.2. Yukarida verdigim cevabin sebebi;
(a) Elektrik akimi ilk kol ayriminda esit olarak ikiye ayrildiktan sonra
ikinci kol ayriminda tekrar esit olarak ikiye ayrilir.
(b) Ug 6zdes ampul birbirine paralel bagl oldugundan ana koldaki elektrik
akimi iic ampul iizerinden de aymi biiylikliikte gececek sekilde kollara
ayrilir.

2.3. Yukanidaki iki soruya verdigim cevaptan;
(a) Eminim.
(b) Emin degilim.
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Sekil 3’de gosterilen bir elektrik devresine, Sekil 4’de gosterildigi gibi
bir B ampulii ekleniyor. 3. ve 4. sorular1 bu bilgiye gore cevaplandiriniz.

L G I S

4r[|33 PiL. :-_'-1}7 44@ FiL r_J 3

Seledl 3 Seleil 4

3.1.Sekil 3 ve Sekil 4’deki 1 noktalarindan gecen elektrik akimlarinin
biiyiikliiklerini karsilagtiriniz?
(a) Sekil 3’de daha fazladir.
(b) Sekil 4’de daha fazladir.
(c) Her iki sekilde de esittir.

3.2.Yukarida verdigim cevabin sebebi;
(a) Pilden gelen ayn1 biiyiikliikteki elektrik akimlar1 her iki sekilde de 1
noktalarinda heniiz kullanilmamaistir.
(b) Her iki sekilde de pillerin sagladigi potansiyel farklar ayni ama Sekil
4’deki esdeger direnc daha biiyiiktiir.
(c) Sekil 3°de bir ampuliin kullandig: elektrik akimi, Sekil 4’de ise iki
ampuliin kullandig: elektrik akimi vardir.

3.3. Yukaridaki iki soruya verdigim cevaptan;
(a) Eminim.
(b) Emin degilim.

4.1.Sekil 4°de 1, 2 ve 3 noktalarindaki akimlarin biityiikliikleri ile A ve B
ampullerinin parlakliklarini karsilagtiriniz?

Akim Parlaklik
(@) H1=1,=13 A ve B ampulleri ayn1 parkaliktadir.
(b) 3>1,>14 B ampulii daha parlaktir.
©) 11>1;>13 A ampulil daha parlaktir.
d 11>1,>13 A ve B ampulleri ayn1 parlakliktadir.

4.2.Yukarida verdigim cevabin sebebi;
(a) Pile ne kadar ¢cok yakin olunursa, elektrik akimi da o kadar ¢ok olur.
(b) Seri bagli devrelerde akim siddeti her yerde aynidir.
(c) Elektrik akimi ampuller tarafindan kullanildigi icin azalir.

() oo

4.3.Yukaridaki iki soruya verdigim cevaptan;
(a) Eminim.
(b) Emin degilim.
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Sekil 5°de bir elektrik devresi verilmistir. Ik 6nce bir B ampulii Sekil
6’da goriildiigii gibi devreye ekleniyor. Daha sonra B ampulii devreden
cikarilarak ve onun yerine bir tel kullanilarak Sekil 7°deki devre
olusturuluyor. 5., 6., 7. ve 8. sorular1 bu bilgilere dayanarak cevaplayiniz.

(3)a

Sekil 5 Sekil 6 Seleil 7

5.1.Sekil 5 ve Sekil 6’deki 1 noktalarindaki elektrik akimlarinin bilyiikliiklerini
karsilastiriniz.
(a) Sekil 5’de daha biiyiiktiir.
(b) Sekil 6’da daha biiyiiktiir.
(c) Sekil 5°de ve Sekil 6’da esittir.

5.2.Yukarida verdigim cevabin sebebi;
(a) Sekil 6’da iki ampul oldugundan esdeger direng daha fazladir.
(b) Sekil 6’da pilden gelen akim iki kola ayrilir.
(c) Sekil 5°de pil tek ampule, Sekil 6’da ise iki ampule akim verir.
(d) Sekil 6’daki paralel devrede esdeger diren¢ daha kiiciiktiir.
(e) Her iki sekilde de 1 noktalarinda pilden gelen ayni biiyiikliikteki
elektrik akimu heniiz kollara ayrilmamaistir.

5.3.Yukaridaki iki soruya verdigim cevaptan;
(a) Eminim.
(b) Emin degilim.

6.1.Sekil 6’da 1, 2 ve 3 noktalarindaki akimlarin biiyiikliiklerini karsilastiriniz.
(a) i] > iz > i3
(b) 11 >1h=13

6.2.Yukarida verdigim cevabin sebebi;
(a) Akim kollara ayrilirken gidis yoniine diiz kola daha ¢ok, kivrilan kola
daha az akim geger.
(b) Akim kol ayrimina geldiginde ampuller 6zdes oldugundan esit bir
sekilde iki kola ayrilir.

6.3.Yukaridaki iki soruya verdigim cevaptan;
(a) Eminim.
(b) Emin degilim.
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7.1.Sekil 6’da A ve B ampullerinin parlakliklarini karsilastiriniz.

(a) A ve B ampullerinin parlakliklar esittir.
(b) A ampulii daha parlaktir.
(c) B ampulii daha parlaktir.

7.2.Yukarida verdigim cevabin sebebi;
(a) Kollara ayrilan akimin cogu B ampuliinden gecer.
(b) A ampulii pile daha yakindir.
(c) A ve B ampullerinden ayni biiyiikliikte akim gecer.

() oo,

7.3. Yukaridaki iki soruya verdigim cevaptan;
(a) Eminim.
(b) Emin degilim.

8.1.Sekil 6 ve Sekil 7°deki A lambalarinin parlakliklarini karsilastiriniz.

(a) Sekil 6’daki daha parlaktir.
(b) Sekil 7°deki daha parlaktir.
(c) Iki sekildeki de esit parlakliktadur.

8.2.Yukarida verdigim cevabin sebebi;
(a) Sekil 7°deki A ampuliiniin {izerinden akim ge¢cmez.

(b) Sekil 6’da akim iki ampul, Sekil 7°de ise tek ampul tarafindan

kullanilir.
(c) Her iki sekilde de akim iki kola ayrilir.

() e

8.3. Yukaridaki iki soruya verdigim cevaptan;
(a) Eminim.
(b) Emin degilim.

9.1. Sekil 8’deki devrede bir pil, ampul ve iki direncten olusan bir diizenek
gosterilmektedir. {1k 6nce sadece 10 ohm’luk R, direncinin yerine 20 ohm’luk
bir direng¢ baglaniyor ve Sekil 9 elde ediliyor. Daha sonra Sekil 8’deki 10
ohm’luk R, direncinin yerine 20 ohm’luk bir diren¢ baglaniyor ve Sekil 10
elde ediliyor. Sekil 9 ve Sekil 10’daki ampullerin parlakliklarinda Sekil 8’deki

ampule gore degisiklik olur mu?

E,=10 chm Fy=100okm  E,=200hm E;=100okm  E,=10chm =20 ohm
l/f—‘\ 2 1 l/-’—‘\l 4 1 r/—‘\ 2
Qg Qg Qg

e v .7_-1! ,ni@ P @ll Ii@ i .7_-{|7
Skl 8 Sekil 9 Sekil 10
Sekil 9°da Sekil 10°da

(a) Degisir Degismez

(b) Degisir Degisir

(c) Degismez Degisir

(d) Degismez Degismez
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9.2.Yukarida verdigim cevabin sebebi;
(a) Akim ampule ulasmadan 6nce R, direnci tarafindan etkilenir.
(b) Akim ampule ulasmadan 6nce R, direnci tarafindan etkilenir.
(c) Her iki sekilde de esdeger direng Sekil 8’e gore degistiginden ana
koldaki akim da degisir.
(d) Piller ayn1 oldugundan ana kollardaki akimlar aynidir.

() U

9.3. Yukaridaki iki soruya verdigim cevaptan;
(a) Eminim.
(b) Emin degilim.

10.1. Sekil 11’deki ampul 151k verir mi?
(a) Evet, 151k verir.
(b) Hayurr, 151k vermez.

Seleil 11

10.2.Yukarida verdigim cevabin sebebi;
(a) Ampul “+” ve “-” yiiklere dokunduruldugu i¢in “+” ve
ampulde birlesebilirler.
(b) Ampul iiretecin “+” kutbuna degiyor.
(c) Ampulden elektrik akimi gecer.
(d) Ampulden elektrik akimi ge¢gmez.

[

[T3R2]

yiikler

10.3. Yukaridaki iki soruya verdigim cevaptan;
(a) Eminim.
(b) Emin degilim.

11.1.Sekil 12°de verilen devre parcasinda elektrik akiminin yonii ok ile
gosteriliyor. Buna gore, 1, 2 ve 3 noktalarindaki akimlarin biiyiikliiklerini
karsilastiriniz.

(a) i1> i3> iz
(b) 1>1h=13

&

o HE B
L1 | des

b2
11.2.Yukarida verdigim cevabin sebebi; ke
(a) Akim kol ayrimina geldiginde ampullerin direngleri esit oldugu icin
esit bir sekilde kollara ayrilir.
(b) Akim kol ayrimina geldiginde gidis yoniindeki diiz kola daha ¢ok
akim, kivrilan kola ise daha az akim gecer.

11.3.Yukaridaki iki soruya verdigim cevaptan;
(a) Eminim.
(b) Emin degilim.
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12.1.Sekil 13’te gosterilen devrede A ve B ampullerinin parlakliklarinm
karsilagtiriniz.
(a) B ampulii daha parlaktir.

(b) Ikl ampuliin de parlakliklar esittir. Il,/“\l‘g‘
(c) Iki ampulde yanmaz. *Q'l\"l‘f’,f

ekl 13
12.2.Yukarida verdigim cevabin sebebi;

(a) Akim A ve B ampullerinin arasindaki bos telden gecer.

(b) B ampulii pile daha yakindir.

(c¢) Akim ilk iki kola ayrildiginda, akimin yaris1t B ampuliine gecer. Daha
sonra tekrar kol ayrimina geldiginde akimin hepsi bos telden gecer ve
pile doner.

(d) Iki ampul birbirine paralel oldugundan iizerlerinden esit biiyiikliikte
akim gecer.

12.3.Yukaridaki iki soruya verdigim cevaptan;
(a) Eminim.
(b) Emin degilim.
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APPENDIX H

ANSWER KEY OF THE SECDT

OCCO T

—~ N~~~

.~~~ o~~~

—_ e~ e~~~ —]

—_ e~~~ —~ —]

—_~ e~ e~~~ —]

—_ e~ e~~~ —]
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APPENDIX I

CHOICE SELECTIONS INDICATING A MISCONCEPTION ACCORDING

TO ONLY FIRST TIERS AND ALL THREE TIERS

Item Choices (Only First Tiers) Total
M1 1.1a,10.1a 2
M2 |41b,41c¢C 2
M3 [3.1b,4.1d 3
e M4 |- 0
S M5 [71b 1
8] M6 [8.1b,8.1c, 121D 3
§|_M7 |31¢51¢9.1d 3
2 M8 [51a 1
S| M9 |9.1a,91c¢, 2
M10 | 2.14a,12.1a 2
M11 | 6.1a,7.1¢c,11.1a 3
Total 22
Item Choices (All Three Tiers) Total
M1 (1 1a,1.2a,13a),(10.1a,10.2b,10.3 a), (10.1 b, 3
10.2b,10.3a)
M2 [(41c,42c,43a),(4.1b,42c,4.32) 2
M3 | (3.1b,3.2¢c,3.3.a),(3.1a32c, 3.3.a),(4.14d,4.2 5
c,43a),(5.1b,5.2¢,5.34a),(5.1a,5.2¢,5.3a)
M4 | (1.1b,1.2b,1.3a),(10.1a,10.2a, 10.3 a) 2
w| M5 |(41b,42a, 43a),(71b,72b,7.3a), (121.a, 3
5 12.2.b, 12.3 @)
S Mé |(81Db,82b 83a),(81c 82c 83a),(10.1a, 4
2 10.2¢,10.3a), (12.1b,12.2d, 12.3 a)
g M7 [(81¢,324a, 33a),(3.1a 3.2a, 3.3 a), (51¢, 5.2 4
2 e,5.3a),(9.1d,9.1d,9.3 a)
M8 |(51a,5.2a,5.3a) 1
M9 [(9.1a,9.2a,9.3a),(9.1¢,9.2b,9.33) 2
M10 [ (2.1 a, 22 a, 2.3 a), (5.1 a, 5.2 b, 5.3 a), (12.1 a, 3
12.2¢,12.3 a)
M11 (61a 6.2a 63a),(71c 7.2a, 7.3 a), (11.1 a, 3
11.2b, 11.3 a)
Total 30
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APPENDIX]

RAW DATA OBTAINED FROM THE SECDT
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