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Abstract
The aim of this study is two-fold. Its first aim is to determine science teacher candidates’ knowledge (aca-
demic success) and misconceptions about electric current and its second aim is to compare these results
across participants’ year of study and gender. A total of 132 teacher candidates studying in their 2, 3™,
and 4" years in Gazi University’s Department of Science Education of the Gazi Education Faculty in Turkey
participated in this study. Data were collected using the survey model. The Electrical Current Concept Test
and semi-structured interview questions were used as data collection tools. The results of the study revealed
that while there are no meaningful differences between students’ academic success regarding electric cur-
rent based on their year of study, there are meaningful differences based on the gender of participants, with
males scoring more favorably. The findings also revealed that teacher candidates have many misconceptions
related especially about to such concepts of current, electric field, generators, supply emf, and potential
difference. Furthermore, it was observed that teacher candidates held misconceptions about the function
of magnetic fields and energy conversion in electric power-plants, a subject dealt with in the context of

alternating current.
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Ideas about the natural world are connected with one’s previous experiences and
daily interactions. Although most people accept statements made by scientists on
a specific subject, the conceptions and misconceptions held by the general public
regarding a particular subject are the result of either the (mis)conceptions of one’s owns
teachers or deficiencies in the language one uses. Correcting such misconceptions
is rendered difficult due to a number of factors and a correct conceptual structure
may only be attained as a result of positive interactions is an expected situation.
Science teachers describe the process of education as the replacement of layman’s
conceptions with those accepted by the scientific community (Wainwright, 2007).

More efficient and persistent learning in science education depends on how
efficiently the many factors interact and affect one another. Misconceptions in conflict
with scientific realities and ideas (Hewson & Hewson, 1984) may be influenced by
a number of factors, including student-teacher relationship, the methods used to
assess and evaluate students’ knowledge, and the activities, methods, techniques, and
strategies used in courses. Considering that communication between the teacher and
student has a fundamental role in shaping other factors, improving communication is
anecessity not only because teachers and students lack the same conceptual structure,
but also because meaningful learning at the desired level depends on student-
teacher communication (Karakuyu & Tiiysiiz, 2011). If quality communication is
lacking, students will simply build off of their previous knowledge to form a new
set of erroneous knowledge based on their daily experiences and previous erroneous
knowledge, leading the student to develop further misconceptions (Driver, 1989;
Driver, Squires, Rushworth, & Robinson, 1994; Yilmaz, Tekkaya, Geban, & Ozden,
1998). Since it is observed that such misconceptions develop not only in primary
education, but also in a university setting, the importance of teachers and their
influence on education should be discussed. In correcting misconceptions, teacher
candidates’ own misconceptions should be revealed and the necessary precautions to
be taken should be discussed. According to Pardhan and Bano (2001), many teachers
lack scientific knowledge about certain concepts, having misconceptions similar to
those of their students. Due to this awareness, misconceptions originating during
primary education can be prevented by eliminating the teacher factor that forms the
foundation for a student to develop such misconceptions.

Considering teacher candidates’ current learning situation, the most important
question to be asked is: “How and in what way(s) do student candidates acquire
knowledge starting in primary education and continuing into university?” As such, it
is necessary to discuss science as discipline, students’ misconceptions about physics,
and reasons causing these misconceptions.
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Misconceptions Related to Physics (Electric Current)

Students experience difficulties learning science related concepts and from the
very beginning of primary education, science courses are difficult for students to
understand (Ozmen, 2004). As a result, students are observed to have acquired many
misconceptions related to science.

One of the main reasons for students’ misconceptions in this branch is thought
to be due to the fact that neither the natural processes nor the concepts affecting
these processes are thoroughly taught using scientifically appropriate explanations.
For instance, it is stated that students who are unable to conceptualize what processes
occur in a simple electric circuit not only have difficulty understanding this subject,
but go on to form other misconceptions based on their original misunderstanding
(Flynn, 2011). Misunderstanding this physical phenomenon at the very beginning
hinders one from understanding the entire subject and the other related concepts,
resulting in compounded misconceptions.

In addition to this, the fact that there are many problems and formulae requiring
one to perform mathematical operations or use meta-reasoning skills to solve them
causes students to regard their science courses negatively. Placing greater emphasis
on calculations while teaching science, especially while teaching physics related
concepts, will result in students simply learning by rote, rendering it even more
difficult to understand concepts.

Since quantitative applications are used compulsorily in science classes to instill
an understanding of the related concepts, students are more interested in solving
quantitative problems to be successful. However, such success in solving quantitative
problems is not suitable for evaluating conceptual understanding (Mcdermott &
Shaffer, 1992). Reaching sufficient success is just as important in solving qualitative
problems as it is in quantitative problems. Students able to answer questions on the
main concepts of physics have been found to experience difficulties answering simple
qualitative questions, if they could answer them at all (Galili, 1995).

Such a situation indicates that traditional physical applications are not sufficient
(Mcdermott & Shaffer, 1992). Qualitative problems, by enabling the student to think
in multiple perspectives about a concept, constitute an indicator showing what, how,
and to what extent students understand a specific concept and with which other
concepts they are associated. For instance, the concept(s) used by a student to explain
the question “How does an electrical circuit come into being?” clearly reveals his
ideas about this phenomenon. For this reason, qualitatively-oriented applications that
enable the student to think extensively on those events comprising abstract concepts
should be given more importance.
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In his study on university students’ conceptual understanding of electricity and
magnetism, Planinic (2006) found that qualitative applications, such as open-ended
questions, are highly useful in obtaining clearer results while assessing students’
ideas on these subjects. At the end of his study, he states that not only did students
lack knowledge in how electric and magnetic events occurred; they also had difficulty
understanding these two particular subjects in general.

In accordance with the above explanations, it is thought that both the professional
competence of teachers and the design of educational curriculum have important roles
in teaching a wide variety of concepts, such as DC (Direct Current), potential energy,
generator, resistance, electromotive force (emf), AC (Alternating Current), alternating
voltage, and energy conversion. As such, the first thing to do is to question what university
students know and both how and to what extent they know it. Teacher candidates, whose
main objective should be to prepare a scientifically literate future generation, should
not only be aware as to whether their content knowledge is sufficient, but also learn the
reasons for any insufficiency and what precautions should to be taken to prevent them
from passing down any misconceptions to their own students.

Lack of knowledge and insufficiency in solving problems are the two main reasons
behind teacher candidates’ lack of content knowledge, which in turn leads to the
unavoidable development of misconceptions (Yip, Chung, & Mak, 1998). As a result,
it is then necessary to determine students’ physics related misconceptions since there
are many applications that combine theory with practice (Giirel & Acar, 2001).
Currently in the literature, there are many similar misconceptions about the issue of
electric current that show resistance to change internationally, and that is thought to
be caused mainly from one’s teachers and textbooks (Duit, Jung, & von Rhoneck,
1985). Some of these studies are: Cildir and Sen (2006), Cokelez and Yiirimezoglu
(2009), Engelhardt and Beichner (2004), Kiigiikozer and Kocakiilah (2007), Lee
and Law (2001), Orgiin (2002), Pardhan and Bano (2001), Sen and Aykutlu (2008),
Yildirim, Yal¢in, Sensoy, and Akgay (2008), and Yiirimezoglu and Cokelez (2010).
The common results of these studies demonstrate that there are difficulties in both
learning what electric current is and transforming one’s knowledge about it to a
scientifically sound form. Considering that many of the students’ misconceptions are
related to how the subjects are taught during one’s first years of primary education
(Koray, Ozdemir, & Tatar, 2005), revealing primary students’ misconceptions about
electric current is of high importance since these misconceptions can influence further
misconceptions later in one’s education .

University students graduate with these misconceptions, preventing them from
performing as expected and affecting their success in their professional life. If this
condition is not remedied, misconceptions acquired during primary education will
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continue to compound, causing a vicious cycle of misconceptions to manifest. In this
context, universities are endowed with the important task not only of determining
teacher candidates’ inadequacy and misconceptions in content knowledge, but also of
preventing them from passing them on to their own students. As such, studies aiming
to achieve these goals are of high importance in revealing teacher candidates’ basic
knowledge levels.

Electric current is taught under the two subtitles of direct current (DC) and
alternating current (AC). Studies aiming to determine misconceptions focus mostly
on concepts related to direct current (Cohen, Eylon, & Ganiel, 1983; Cildir, 2005;
Heller & Finley, 1992; Lee & Law, 2001; Psillos, Koumaras, & Tiberghien, 1988;
Sencar & Eryilmaz, 2002; Shipstone et al., 1988; Yildirim et al., 2008). Generally,
not only is students’ knowledge about current, electrical energy, potential difference,
resistance, and a variety of other concepts as well as the relations between these
concepts insufficient (Licht, 1991), they also confuse fundamental concepts, using
one when another should be used instead (Yurimezoglu & Cokelez, 2010).

There are only a scare number of studies focusing on the concepts dealt with in
this study, namely AC, alternating voltage, transformers, generators, and AC energy
conversions (Biswas et al., 1998; Biswas et al., 2001; Demirci & Cirkinoglu, 2004).
Studies focusing on electromagnetic issues, however, are more common due to their
higher importance.

The interview technique has been widely used in both national and international
studies aiming to reveal misconceptions (Cildir, 2005; Cildir & Sen, 2006; Lee &
Law, 2001; Ozen & Giirel, 2003; Pardhan & Bano, 2001; Raduta, 1998; Sert Cibik,
2011). This technique is highly effect in providing various and extensive definitions
about the related concept, while also allowing the researcher to compare his own
findings with those in the literature (Wainwright, 2007). A semi-structured interview
technique has been used in this study to obtain more explicit and explanatory
information regarding participants’ knowledge of concepts related to electric current
as well as concepts relationships with each other.

Since sub-concepts related to electricity are frequently used in daily life, individuals
enter school with a certain comprehension of these topics. Since in most cases
students pre-held conceptions are not the same as how they are used in a scientific
context, forming misconceptions is inevitable. Since they negatively affect learning,
determining prior misconceptions is of utmost importance in realizing meaningful
and permanent learning.

It is clear that, in means of conceptual understanding and practice, not only is
teaching knowledge and skills necessary; correcting misconceptions on basic
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activities is not easy. Since there are misconceptions about electric current stemming
from one’s primary education, and even from one’s university education, since these
misconceptions differ from person to person, and since there are only a limited
number of studies attempting to determine students’ misconceptions about alternating
current, this study will fill in this specific gap in the literature.

Academic Success in Physics

Students’ success is very significant in deciding whether education goals have been
reached. Academic success is measured by scoring the answers given by students on a
measurement tool specifically prepared for the subject in question after having taught
the subject using a defined method that includes a variety of activities (Sert Cibik,
2011). In other words, academic success is a part of learning process and may vary
in means of learning. Considering that one learns out of necessity and/or interest, a
number of learning difficulties may appear as a result of not instilling in students a
love of physics or making them feel that it is necessary to learn physics (Eryilmaz,
2002). Since physics is a course that includes a variety of abstract concepts and is
based on solving problems requiring the use of meta-cognitive strategies, students
consider physics to be a difficult course (Aycan & Yumusak, 2003). Furthermore, it
is inevitable that misconceptions preventing students from learning will cause them
to develop negative attitudes toward the course in which they are struggling. As such,
it is essential to know what misconceptions students have at every education level
of their physics education as knowing such will influence students’ success levels. In
the literature, it is remarked that knowing what misconceptions students have is an
important factor influencing students’ success in physics course (Eryilmaz, 1996).
Those teacher candidates training to teach primary students in particular should be
aware of their misconceptions related to physics since doing so will allow them to
organize their practices in such a way to prevent these misconceptions from being
passed on to their future students. This in turn will enable their future students to
understand related concepts more easily, to be more successful in class, and to enjoy
their physics class.

Educational success is an important concept influencing a student’s entire life and
may be influenced by biological, social, and cultural variables, among others. These
variables influence students’ learning conditions which in turn influence students’
academic success either positively or negatively (Kan, 2003; Ulug, 1999). Though
these conditions are undoubtedly significant in influencing students’ success levels,
the amount of change is affected by both gender and grade level. In the study that
he performed with his own students, Bursal (2013) indicated that students’ academic
success in science is significantly reduced as grade level increases and that there is a
meaningful difference in the degree of change based on gender.
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On the one hand, in studies examining the relationship between academic success
in physics and gender, it is generally emphasized that effect of gender on the success
becomes clearer as one’s age and grade level advances (Cekbas & Kara, 2009;
Engelhardt & Beichner, 2004; Jones, Howe, & Rua, 2000). On the other hand, when
the literature is examined, it is seen that there is an insufficient number of studies
examining science teacher candidates’ misconceptions regarding electric current and
how gender and grade level affect their academic success. Furthermore, those studies
that do exist have generally been realized with primary and secondary students
(Bursal, 2013; Sencar & Eryilmaz, 2004; Yesilyurt, 2006).

This study is significant in that it will determine misconceptions related to
alternating current and will compare findings on academic success according to
grade level and gender. It is thought that the findings obtained from this study will
contribute to the field of education, to an increase in teacher candidates’ academic
success in physics, and to future research that will be conducted in other teacher
education programs.

Aim

The aim of this study is two-fold. The first aim is to determine how well 2", 3% and
4t year university students studying in a Department of Science Education in Turkey
understood electric current and its related concepts and what misconceptions they
had regarding it, while the second aim is to compare the results obtained according
to grade level and gender. Teacher candidates’ academic success in this subject was
determined using the Electric Current Concept Test (ECCT) developed by Sert Cibik
(2011), and their misconceptions were determined by conducting semi-structured
interviews with them. To achieve the study’s aims, answers to the following questions
were solicited:

1. Do the academic success scores obtained by the science teacher candidates on
the ECCT show any meaningful differences according to their year of study and/
or gender?

2. What are the science teacher candidates 'misconceptions about electric current?

Method

The survey model was used in this study. In this model, a situation that either
currently exists now or has previously existed is described in its current form (Cohen,
Manion, & Morrison, 2000, p. 169; Karasar, 2004, p. 77). A general statement about
the target population is sought so that descriptions can be made either for a sample
group taken from the larger target population or for a sample of related units and
variables (Karasar, 2004, p. 79).
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Study Group

The sample of the study is composed of a total of 132 teacher candidates in their
2m 37 and 4" years in the Gazi University’s Department of Science Education within
the Gazi Education Faculty during the spring term of the 2011-2012 academic year.

One of the main reasons that the study was conducted with this sample group was
to contact and attain the desired sample easily. In addition, the group was chosen
using simple random sampling, and 1* year students were not included in the study
because electric current is part of the General Physics-1I course.

The distribution of teacher candidates’ year of study according to gender is shown

in Figure 1.

40 _/---'--“--“‘--"-----“--“‘--‘-----“--
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Figure 1. Teacher candidates’ year of study according to gender.

As seen in Figure 1, 37 (28.0%) of the candidates studying in their 2™ year are
female and 6 (4.5%) are male, 36 (27.3%) of the candidates studying in their 3% year
are female and 9 (6.8%) are male, and 27 (20.5%) of the candidates studying in their
4™ year are female and 17 (12.9%) are male.

Instruments

Electric Current Concept Test (ECCT). The ECCT was used to collect data
on teacher candidates’ academic success regarding electric current. The ECCT was
developed by a researcher in light of Treagust’s (1988) study in which he offers
ten steps to follow when developing a concept test. The questions on the test were
prepared in two parts according to the curriculum followed in General Physics-II
(Sert Cibik, 2011). Since the test aimed to determine teacher candidates’ academic
success in this subject, the data obtained from the first part of the test were analyzed
and the results were evaluated during scoring.

Validity and Reliability Analyses of the ECCT. The 35-question draft version of
the concept test was analyzed by three physics education experts for clarity and
consistency with scientific knowledge. After the analyses, the test was brought to its
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final form either by using a different scientific concept or by making changes in how
questions were expressed. Afterwards, the test was applied to the 2™ year teacher
candidates to test its reliability.

When conducting statement analyses, those statements whose distinguishing index
values are less than .20 are deemed to be dissimilar to the other statements included
in the test in terms of aim and content. Such statements also negatively affect the
internal consistency of the test. As such, a total of 10 statements (5, 8, 10, 15, 17,
21, 30, 33, 34, and 35) were excluded from the test due to their low distinguishing
values, leaving 25 questions to carry out analyses. The results of the 25-question test
were analyzed with each correct answer being worth 1 point, and both wrong and
blank answers were worth 0 points. According to this calculation, the maximum score
possible was a score of 25. The results of the analysis are given in Table 1.

Table 1

Item-Total Correlation of the Test and KR-20 Reliability Results
Item analysis Part of test Questions removed from the test Total number of KR-20
operations questions
Item-Total First part 5,8,10, 15,17, 21, 30, 33, 34, 35 25 74
correlation

Semi-structured Interview Questions. Semi-structured interviews employ
previously prepared questions while also allowing for some flexibility on the necessary
parts according to interviewers and physical conditions. Semi-structured interviews
are often used in the literature as they prevent specific pitfalls that other interview
techniques limit (Biyiikoztirk, Kilic Cakmak, Akgiin, Karadeniz, & Demirel, 2014,
p. 152; Karasar, 2004, p. 168). Therefore, semi-structured interviews were used in
this study to reveal science teacher candidates’ misconceptions about electric current.

To gain a comprehensive perspective and to determine possible misconceptions,
semi-structured interviews on electric current were conducted with teacher candidates.
During the selection process of the interview sample group, teacher candidates’ scores
on the ECCT were taken into account, resulting in the sample group being divided
in three subgroups: (i) lower, (i1) middle, and (iii) upper. Semi-structured interviews
were conducted with three teacher candidates from each grade on the voluntary basis,
resulting in a total of 9 teacher candidates being interviewed.

While preparing interview questions, both misconceptions found during the
literature review and those related to teacher candidates” General Physics-II course
in the first year of their Science Education Bachelor’s Degree Program during the
spring term were taken into consideration. Interview questions were prepared under
three main titles; namely, direct current, measurement means, and alternating current.
A total of 13 questions were prepared by dividing each main subject into subtitles.
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In terms of validity, researchers must gather data, report their process of analyzing
and discussing the data that they have obtained, and explain how they reached their
conclusions (Biiyiikoztiirk et al., 2014, p. 168; Cansiz Aktas, 2015, p. 351; Yildirim
& Simsek, 2016, p. 270). For reliability, it is important to define as clearly as possible
the research process and data obtained so that other researchers can easily benefit from
them (Yildirim & Simsek, 2016, p. 285). To ensure the validity of interview questions,
the opinions of two physics education experts and one science education expert were
solicited while preparing the questions. To test the understandability and appropriateness
of the final version of the questions, a pilot application was carried out on four people.
After these applications, it has been decided that these questions were appropriate for
use in this study. To ensure reliability, voice recorders were used and answers were
saved in computers in written form. In order to define whether an answer was right or
wrong, an extended content based answer key was prepared. To define wrong answers,
recordings were listened to several times, which also served to ensure the assessment’s
consistency. Lastly, without making any additions or corrections, candidates’ wrong
answers were offered to the views of two physics experts, and misconceptions about the
questions were finalized after discussions with them. The questions used during semi-
structured interviews have been given in Table 2.

Table 2
Questions used during Semi-Structured Interviews Conducted with Teacher Candidates

1. Basic Concept: Direct Current Questions

Direct current 1. How is current produced in a direct current circuit?
2. What are the circuit components in a direct current circuit?
Potential difference 3. What is potential difference? Explain the function of potential difference

in a direct current circuit.
Generator/emf supply 4. Explain the relationship between the generator, emf supply, and potential
difference.

Sub-concepts

DC energy conversions 5. Explain the energy conversions that take place in a direct current circuit.
2. Basic Concept: Measurement Means

» Ammeter 6. How is the ammeter connected to the circuit? Explain the role of
L5 resistance in the connection pattern.
= Q . . . .
» 5 Voltmeter 7. How is the voltmeter connected to the circuit? Explain the role of
o

resistance in the connection pattern.

3. Basic Concept: Alternating Current

Alternating current 8. How is current produced in an alternating circuit?
9. What are the circuit components in an alternating circuit?

‘% Alternating voltage 10. What is alternating voltage? Explain the function of voltage in an
2 alternating current circuit.
8 Transformer 11. How do transformers work? Why are they used?
é Generator 12. How do alternating current generators work?

AC energy conversions  13. Explain energy conversions in electric power-plants. (thermic, hydraulic,

nuclear).
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Data Analysis

To determine the change in teacher candidates’ correct understanding of electric
current (academic success) according to their year of study, a one-factor ANOVA,
one of the analysis techniques in the SPSS-17 program, was used and the independent
group’s t-Test was used to determine the change in correct understanding according
to gender. The results were interpreted assuming a significance level of .05. A value
of N in the tables indicates the total number of candidates.

On the other hand, semi-structured interviews were conducted to determine science
teacher candidates’ misconceptions about electric current. The findings obtained from
the interviews were evaluated and interpreted using the descriptive-interpretative
analysis technique. Only those data that have been commented on and that fit the
study’s aim are described in this type of analysis. Here, the main aim is to indicate
the real problem (Sonmez & Alacapinar, 2011, p. 159). Possible misconceptions were
determined after reviewing teacher candidates’ answers to the interview questions.
Answers were categorized as being either right or wrong, with wrong answers being
defined as those answers that either do not meet the desired response in any aspect or
answers that contain incorrect statements. Wrong answers given by teacher candidates
were evaluated as misconceptions. Blank answers were not considered for evaluation
(see Table 5). In order to define and analyze the findings in a more effective manner,
direct quotations from the answers of several candidates have been given (Yildirim
& Simsek, 2016, p. 270). Finally, when comparing misconceptions based on gender,
percentages were calculated.

Findings
In this study, the changes in science teacher candidates’ misconceptions and correct
understanding (academic success) of electric current according to their year of study
and gender are examined. Furthermore, participants’ misconceptions are presented.
The findings obtained from the sub problems of this research are given below.

1. Do the academic success scores obtained by the science teacher candidates on
the ECCT show any meaningful differences according to their year of study and/
or gender?

Descriptive statistical distributions of the science teacher candidates according to
their year of study and gender are shown in Table 3. A t-Test was conducted on
the independent group to ascertain whether candidates’ ECCT scores are meaningful
in terms of gender or not and a one-factor ANOVA was conducted to compare
participants’ ECCT scores according to their year of study in university. The results
are given in Table 4.

1071



EDUCATIONAL SCIENCES: THEORY & PRACTICE

Table 3
Results of Descriptive Statistics According to Year of Study and Gender
2" Year 3 Year 4™ Year Total

Gender N % N % N % N %
Female 37 28.0 36 273 27 20.5 100 75.8
Male 6 4.5 9 6.8 17 12.9 32 24.2
Total 43 32.5 45 34.1 44 33.4 132 100

Table 4

Results of the t-Test and One-Factor ANOVA of Science Teacher Candidates’ ECCT Scores According to Year
of Study and Gender

ECCT Scores

Gender N X sd df F )4
Female 100 10.58 3.016 130 4SS .017*
Male 32 12.06 3.015

Year of Study N X sd df F 14
2" Year 43 10.86 3.075 2 .042 959
3" Year 45 10.91 3.051

4" Year 44 11.05 3.155

*p <.05.

When Table 4 is examined, it is seen that the ECCT scores of the male and female
candidates are different from each other. Specifically, whereas the arithmetic mean for
females is X=10.58 with a standard deviation of sd = 3.016, the arithmetic mean for males
is X = 12.06 with a standard deviation of sd = 3.015. When ECCT scores were tested at
a .05 significance level to ascertain whether there existed any meaningful differences
in the ECCT scores based on gender, a meaningful difference was observed in favor of
male candidates [F,, ., = 455, p < .05]. This finding demonstrates that males have a
better understanding of electric current than do females. With this being said however, no
statistically meaningful difference was observed in candidates’ scores ¢ according to their
year of study [F,, = .042, p > .05]. As a result, teacher candidates’ average academic
success rates concerning electric current indicates not only that they are close to each other
in terms of knowledge, but that differences in their academic success in this particular

subject are not affected by teacher candidates’ year of study.
2. What are the science teacher candidates ’misconceptions about electric current?

Of the nine total candidates who had taken part in the semi-structured interviews,
two females and one male were studying in their 2™ year, two females and one male
were in their 4" year, and three females were in their 3.

According to the results of the descriptive-interpretative analysis, the results of 11
sub-concepts (DC, potential difference, generator/emf supply, DC energy conversions,
ammeters, voltmeters, AC, alternating voltage, transformers, generators, and AC
energy conversions) were shown in the study’s findings. After the semi-structured
interviews were conducted with the teacher candidates, various misconceptions
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about these concepts came into sight. The distribution of candidates’ misconceptions
according to their year of study and gender is presented in Table 5.

Table 5
Distribution of Teacher Candidates with Misconceptions According to their Year of Study and Gender
2™ Year 3" Year 4% Year
N N N

Sub-concepts/Question Items F* M* F* M* F* M*
Direct Current/1-2 - 1 4 - 2 1
Potential Difference/3 2 - 2 - 1 1
Generator/Emf Supply/4 2 1 3 - 2 1
DC Energy Conversions/5 1 - 3 - - -
Ammeters/6 - - - - - -
Voltmeters/7 - - 1 - 2 -
Alternating Current/8-9 2 1 3 - 2 1
Alternating Voltage/10 2 - 3 - 1 1
Transformers/11 1 1 1 - 2 -
Generators/12 2 1 2 - - -
AC Energy Conversions/13 2 1 2 - 2 -
Total Number of Misconceptions 14 6 24 - 14 5

N: three teacher candidates, F*: Female, M*: Male

When Table 5 is examined, teacher candidates were observed to have many
misconceptions about the 11 sub-concepts related to electric current. When the distribution
of these misconceptions is analyzed according to teacher candidates’ year of study, 20
misconceptions were observed for candidates in their 2™ year, 24 for those in their 3%
year, and 19 for those in their 4" year. It is observed that 3™ year teacher candidates had
more misconceptions than the others. When the university curriculum Yiiksek Ogretim
Kurulu (2007) is analyzed, it is observed that there is an excessively high number of
verbal and application-based lessons and that other major aspects related to electric current
are absent during this year of the curriculum. As such, it might be that 3™ year students
are distanced from the main area courses, causing them to have difficulty remembering
the knowledge they had gained during their 1*year. In addition to this, when the results
according to the gender are analyzed, 2™, 39, and 4" year female students were observed
to have a total of 14, 24, and 14 (57.14%) misconceptions, respectively and that 2 and
4" year males have a total of 6 and 5 (42.30%) misconceptions, respectively. That females
had more misconceptions than males is noteworthy, and can be explained by the fact that
females are more successful in subjects that pertain to daily life, such as the human body,
health, and biology, whereas males are more successful in physics concepts involving
such subjects as the computers, electricity, and technology. It is possible to come across
studies supporting this finding (Greenfield, 1997; Spelke, 2005).

Below is a detailed analysis of teacher candidates’ misconceptions about the sub-
concepts of electric current based on their answers to the interview questions (S#:
stands for the candidate’s number and I: stands for the interviewer).
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Findings and Comments about DC

For the first question, teacher candidates stated that electric current is formed
because voltage is present in the circuit, because both potential and kinetic energy
move the electrons, because potential power influences the electrons, and because
the generator produces current. The candidates were then asked to explain what an
electric field is in order to translate their knowledge into a practical example, and it
was determined that they explained this concept using concepts related to magnetism.
Consequently, misconceptions were observed in participants’ understanding of how
electric current is formed. A sample statement from interview is given below:

S3: Energy passes into the circuit as a result of kinetic energy being converted into electric
energy, which brings the current into existence.

Most of the teacher candidates answered the second question correctly using such
terms as ammeter, voltmeter, generator, resistance, conducting wire, switch, and lamp
in their responses. Different from these answers were candidates who stated that “a
coil is a component in a DC circuit.”

Findings and Comments about Potential Difference
The potential difference is a phenomena formed by the current and it has a role in
producing electric energy by basing these two concepts on the formula: [V = L.R].

It was also observed that some teacher candidates associated electric fields with
magnetic fields, causing them to have wrong beliefs in the aspect of that electric field
is a transformation of the energy between two plates. A sample statement from the
interviews is given below:

S2: It is produced by the current. I: What is the function of potential difference? S2: Its
function is to provide the necessary energy to use various devices.

Findings and Comments about Generators/Supply Emf

The fourth question solicited teacher candidates’ knowledge about generators,
supply emf, potential difference, and the relations between these concepts. All of the
teacher candidates were found to have various misconceptions. While they generally
had a correct understanding of generators and potential difference, teacher candidates
had a number of misconceptions about supply emf. The following exemplify their
misconceptions:

1. Supply emf is a component of circuits; because it makes other components
work, it is the electron and has a current.

ii.  Potential difference is calculated thanks to supply emf.
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iil.

1v.

V.

Vii.

concepts. Two statements from the interviews illustrating their misunderstandings are

It is created by establishing either a reverse or a correct connection to the circuit
while generating voltage.

As well as the generator is a general name, supply emf is created as a result of
the difference between the generator’s poles and the potential difference is the
valued form of the supply emf.

Since the symbols for potential difference and supply emf are different (V and
g, respectively), they are different concepts.

Supply emf not only produces electrical energy, but also heat and light energy.

The three concepts are the same thing and they supply power to the circuit.

Teacher candidates also do not correctly understand the relation between these three

given below:

I: What is a generator? S1: It supplies potential energy to the circuit by passing a live
current. I: What is supply emf? S1: It is related to electrons and it has electrons. Because of
it, it has a life current. I: Are emf and generators the same concept? S1: They are different.
A generator passes current, and there is only one generator in a circuit. Emf is a component
in the circuit.

I: What is a generator? S2: It is the component that supplies power and energy to the circuit.
I: What is supply emf? S2: Another name for the generator is emf. I: What kind of a relation
is there between these three components? S2: The generator is the common name. Emf
comes into being as a result of the difference between the poles of the generator. Potential
difference is the valued form of emf. I: There are both the energy that charges spend and the
energy that charges gain. I: Which concepts do match to these descriptions? S2: The circuit
gains as much emf as the energy we give it. We get as much power as the energy that the
voltage spends...

Findings and Comments about DC Energy Conversions

conversions. Teacher candidates gave similar wrong answers to the fifth question
and lacked knowledge about how energy conversion occurred in a direct current

The fifth question solicited teacher candidates’ knowledge about DC energy

generator. The following is a statement from the interviews:

[: What is the simplest current generator? S4: A battery. I: How is energy transformed
a battery? S4: Since the electrons in the battery move at a certain speed, it has kinetic
energy. This kinetic energy is transformed into potential energy later. I: How is the energy
transformed in an accumulator and dynamo? S4: In a dynamo, the chemical energy is
transformed into electrical energy whereas in an accumulator, chemical energy is first
transformed into electrical energy and then into kinetic energy.
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Findings and Comments about Ammeters

The sixth question solicited teacher candidates’ knowledge about ammeters, and
teacher candidates had no misconceptions about them. Although teacher candidates
had satisfactory information about how the ammeter was connected in the circuit,
they were ill-informed about the role of resistance. The teacher candidates were found
to correctly believe that in order to calculate current accurately, internal resistance
should be small.

Findings and Comments about Voltmeters

The seventh question solicited teacher candidates’ knowledge about voltmeters and
resistance. While they knowledge concerning how the voltmeter was connected in
the circuit, teacher candidates were ill-informed about the role of resistance. Teacher
candidates were found to hold the opinion that “There should be no current in the
voltmeter because it calculates voltage. For this reason the current should be high.” They
were also found to have the misconception that “the internal resistance of the voltmeter
should be small because resistance and voltage are inversely proportional to each other.”

One study on the components used to measure electric current found that many
high school students understand neither how an ammeter or voltmeter works nor that
there should be low resistance in the ammeter and high resistance in the voltmeter
in the way of connection of the resistance. It is stated that these mistaken beliefs
result from the use of incorrect expressions in their classes and that students do not
sufficiently internalize what they learn in class (Wainwright, 2007).

Findings and Comments about AC

The eighth question solicits teacher candidates’ knowledge about AC circuits.
All of the candidates were found to have misconceptions on how current occurs in
AC circuits. Teacher candidates answered this question by looking at R-L-C circuits
and drawings in their textbooks. In other words, it can be concluded that teacher
candidates do not fully grasp the concepts of resistance or resonance.

S2: It occurs as the current passes from the positive end of a pole to the other pole in the
magnet, and this event occurs in a second. I: What do we bring the magnet closer to? S2:
To the coil. I: Do we use the generator while doing this? S2: We produce the magnetic field
with the gravity force of the magnet itself.

There is not any misconception about the ninth question which is related to this
sub-concept and it is shown that teacher candidates have satisfactory information
about the components of the circuit. However, when they were asked about the
qualities of an alternative current generator, some teacher candidates talked about the
poles and while others argued that since there is a permanent flow of current in the
circuit, there no poles.
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Findings and Comments about Alternating Voltage

The tenth question solicited teacher candidates’ knowledge about alternating
voltage. Teacher candidates gave similar wrong answers to this question and did not
have satisfactory knowledge on this subject. A statement from the interviews follows:

S5: The voltage which occurs as a result of alternative current is a result of the current. I:
What is its function? S5: As we move the magnet closer and farther away, we continuously
change the direction and as a result of doing this, we produce a current. The voltage of this
current is alternative voltage and it supplies energy to the circuit.

Findings and Comments about Transformers

The eleventh question solicited teacher candidates’ knowledge about
transformers. Teacher candidates tried to answer this question by looking at drawings
in their textbooks and used many false expressions while discussing the relationships
between concepts. Moreover, questions about how electrical energy is transferred
in daily life were asked in order to reveal teacher candidates’ knowledge, who were
found not to have satisfactory information about transformers. A sample interview
made with the candidates is presented below:

S1, S3: It is used in energy conversion. For instance, the kinetic energy that is produced by
the current in the circuit is transformed into electrical energy.

S6, S7, S8: It comes into being as a result of the inverse proportion between the number of
turns and voltage. Current and voltage are directly proportional to each other.

Findings and Comments about Generators

The twelfth question solicited teacher candidates” knowledge about generators.
Teacher candidates were unable to answer this question correctly and were found to
associate generators with the idea that they are activated when the electricity is cut
off in schools, libraries, and work places. Moreover, teacher candidates confused
generators with transformers, stating that they worked according to the same
principles. However, this subject is discussed in their textbooks during every year
of their university education and are used not only in the physical sciences, but also
regularly in daily life. Despite these facts, teacher candidates were found to have a
number of misconceptions about them.

S5: They [generators] are used to provide electricity when the electricity is cut off. They
store electric current. We cannot apply direct voltage to produce the current. For this reason,
we should produce electricity using something else. I: What is this something else? S5: It’s
the result of an electric field.
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Findings and Comments about AC Energy Conversions
It is seen that many teacher candidates have problems about the ordering of the
different kinds of energy and that they arrange the different kinds of energy as follows:

S1, S4, S8: [1] Thermal power plants: Mechanical-electric, [2] Hydroelectric power plants:
Kinetic-potential electric, and [3] Nuclear power plants: Electron’s mechanical energy is
transformed into electrical energy.

S3, S6: [1] Thermal power plants: Kinetic-potential-mechanical-electric. I: What is used as
the raw material? S3, S6: Water is used. [2] Hydroelectric power plant: Potential-kinetic-
mechanical-electric, and [3] Nuclear power plant: transformation of the chemicals into
electricity.

Discussion and Suggestions

In this study, the correct knowledge (academic success) and misconceptions of 2™,
3 and 4" year teacher candidates studying in a Department of Science Education
in Turkey were determined and how the results differed according to one’s year of
study and gender examined. To date, studies have used a variety of strategies and
techniques to reveal students’ misconceptions regarding electric current, including
concept maps, interviews, observations, analogies, and discussions. As for this study,
semi-structured interviews were used. This technique is often used so that participants
may express themselves in a more relaxed way thereby enabling the researcher to
gain a better understanding of participants’ opinions on the subject in question.

In the following section, the significance of this study’s results are discussed in
a wider framework and further implications for teaching the 9 sub-concepts are
interpreted (DC, potential difference, generator/supply emf, DC energy conversions,
AC, alternating voltage, transformers, generators, and AC energy conversions).
However, since the participants of this study had no serious misconceptions about
ammeters or voltmeters, they will not be discussed.

Undoubtedly, student’s correct understanding of content (academic success) is of
high significance if the aim of teaching is to be realized. Another result of the study is
that there is no meaningful difference on the teacher candidates’ ECCT scores based on
their year of study. Science subjects begin to become more abstract and their content
more difficult in middle school, causing students’ academic success to be negatively
affected as their grade level increases (Bursal, 2013). On the other hand, there are no
studies in the literature on whether there is a difference in academic success based
on one’s year of studying in university. Therefore, since teachers are frequently
mentioned in the literature discussing differences in academic success among
university students as being one of the reasons that students have misconceptions
(Pardhan & Bano, 2001; Yip, 1998), revealing what abstract steps should be taken to
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remedy this situation is one of the positive results of the current study. Furthermore,
the present study is thought to be significant in terms of determining which methods
should be used to teach topics related to electric current beginning in 4™ grade of
primary school. The study is also important in that it investigates the reasons affecting
academic success.

The fact that students have similar demographic qualities (e.g. similar social,
cultural, and environmental backgrounds) may be included as factors affecting
academic success. However, gender may constitute another factor affecting academic
success (Sahin, 2007). It is seen in the studies that gender’s influence on the academic
success becomes more pronounced as age and grade level increases (Baser, 20006;
Sencar & Eryilmaz, 2002). In this study, the academic success scores that teacher
candidates obtained from the test were influenced by gender, with males obtaining
higherscores[#,, |, =.455,p<.05]. There are a wide variety of findings in the literature
describing the difference between male and female students’ levels of e academic
success in science courses, with most results indicating that males perform better in
their science courses (Evans, Schweingruber, & Stevenson, 2002; Greenfield, 1997;
Nosek et al., 2009; Spelke, 2005). The results of these studies support the finding that
academic success regarding electric current varies by gender. Different reasons have
been given to explain why males perform better academically than females in science
related courses, with biological and sociological reasons being cited in the literature
(Engelhardt & Beichner, 2004; Greenfield, 1997; Spelke, 2005). Engelhardt and
Beichner (2004) found that while male students answered questions on DC circuits
more easily than did female students, female students tended to misunderstand the
subject. Consequently, educators should aim to improve both females and males who
are less successful in science instead of attempting to make them even with each
other (Bursal, 2013). In addition to this, teachers should be intimately aware of each
of their students’ knowledge and experience and should make concerted efforts to
use those methods that allow male and female students to equally gain experience by
considering the qualitative and quantitative advantage that males have due to their
practical experience (Sencar & Eryilmaz, 2004).

When the current study’s findings on teacher candidates’ misconceptions concerning
electric current are analyzed, it is seen that the root cause of their misconceptions are
all different.

Upon examination of the findings, the fact that teacher candidates held the
misconception that generator creates an electric current, a misconception that is also
frequently seen in the literature, is of note. As the two concepts current and generator
are frequently seen in the subjects, textbooks, and both printed and visual materials
the students use, many students develop misconceptions about these two concepts
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and generally associate them with each other. This misconception was observed
in the current study to be held by candidate teachers, indicating parallelism with a
many other studies on this subject (Aykutlu & Sen, 2012; Cildir & Sen, 2006; Dupin
& Johsua, 1987; Engelhardt & Beichner, 2004; Heller & Finley, 1992; Kérrqvist,
1985; Lee & Law, 2001; Orgiin, 2002; Psillos et al., 1988; Wainwright, 2007). As
differently from this study, the following two misconceptions were revealed: that
(i) both potential and kinetic energy exist in batteries and move the electrons and
that (ii) current is created as a result of that potential power affecting the electrons
moving in the conducting wire. In reality, it is the electric field that creates the
electric power allowing electric charges to move in the conducting wire, and current
is created by charges moving in this way. During the interview, although most of
the teacher candidates mentioned that electrons move in a conducting wire, they did
not mention the electric power that enables the electrons to move. The number of
such misconceptions is so high both in the literature and in general that students
are unaware of the fact that current is produced as a result of electrical-potential
difference (Wainwright, 2007). Similarly, Saarelainen, Laaksonen, and Hirvonen
(2007) determined that university students have only qualitative knowledge about
electrical force of attraction and repulsion.

While none of the teacher candidates correctly defined potential difference, they
gave different explanations for the formula V=L.R, stating that potential difference
is a kind of energy, that it is produced by the current, and that it is used to measure
the current. The misconception that the current produces the potential difference is
common in the literature, with several studies emphasizing that students hold incorrect
opinions about the process of these two fundamental concepts (Aykutlu & Sen, 2012;
Cildir & Sen, 2006; Yesilyurt, 2006). One of the reasons for this misconception is
that students consider generators to be a stable current source instead of a source of
potential difference while also not completely comprehending Ohm’ law, seeing it
simply as a mathematical formula (Cildir, 2005). As a matter of fact, it is thought
that such misconceptions are a result of an emphasis on teaching quantitative aspects
instead of gaining real conceptual understanding. As such, students can easily
misunderstand the formula V = I.R, believing it not to indicate potential difference as
there is no current in a circuit with an open switch (Wainwright, 2007).

Regarding the question about function of the potential difference, teacher
candidates gave different answers to it and associated this concept with resistance
and electric fields. It was understood through their answers that they did not have a
correct understanding of electric fields or their relationship with potential difference,
trying instead to explain electric fields based on the shapes in their textbooks. Citing
other reasons, Adrian and Fuller’s (1997) also found in their study that students had
difficulty in understanding the effects of potential difference and electric fields. They
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did, however, find that the participants in their study correctly understood potential
difference to be a source of electric fields regardless of whether a current existed
in the circuit or not. However, the function of potential difference in a circuit is to
form an electric field in the battery. Participants’ answers also revealed that they
had misconceptions regarding electric fields, confusing them with magnetic fields by
mentioning poles. In both the studies conducted by Bagno and Eylon (1997) and by
Bagno, Eylon, and Ganiel (2000), students’ incorrect explanations were a result of
their misconceptions concerning electric and magnetic fields. Both the findings of the
current and previous studies indicate that students have difficulty understanding such
concepts as electric fields, potential difference, magnetic fields, and their relations
(Philippi, 2010).

Another misconception was that teacher candidates considered generators to be the
circuit’s energy source and necessary for the current, as seen in their answers to the
first interview question. It was determined that teacher candidates gave a variety of
different explanations to describe the relationship between the three concepts because
they did not have a clear understanding of emf. These misconceptions are noteworthy
because similar results were not seen in the literature. Galili and Lehavi (2006)
determined that 44% of the sample is “the energy per charge” of emf and that 24% of
the sample defined this concept as only “work.” Some teacher candidates also stated
that generators and electromotive force were the same concepts in the current study.
The interviewer asked the teacher candidates “there are energy the charges spent and
also, energy the charges obtained in a circuit. The question of which concepts suit
for these definitions?” to learn how they perceived of the relation between emf and
potential difference, finding that many students held similar misconceptions in regard
to these two concepts namely that the energy that the charges spend in a circuit is due
to emf. There is a study in the literature stating that potential difference is equal to
emf (Galili & Lehavi, 2006). In addition to this, teacher candidates stated that there
had many difficulties in understanding many of the aspects related to how induced
emf was realized in a closed circuit. One explanation for their difficulties is that this
specific concept is presented in their textbooks as an aspect of electromagnetism
and is not taught in a basic, easy-to-understand manner; instead, what is taught is its
relationship with other concepts using mathematical formulas (Raduta, 1998).

The simplest generator in a DC circuit is a battery. Although most of the teacher
candidates correctly understood how energy transformation took place in a battery,
a few thought that electric energy was stored in the battery and that this energy
transformed into thermal and luminous energy. It was also determined in the current
study that teacher candidates incorrectly believed that electrons had a definite speed
in batteries, that they possessed kinetic energy, and that as a result of this energy
transforming into potential energy, the necessary energy was provided. Moreover,
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most of the teacher candidates held misconceptions regarding how energy was
transformed in dynamos and accumulators. Although there are a limited number of
studies on energy transformations in DC generators, it is possible to see common
misconceptions that generators are the source of electric energy when discussing
generators and energy (Aykutlu & Sen, 2012; Cildir & Sen, 2006; Psillos et al., 1988;
Yesilyurt, 2006). Yiirimezoglu, Ayaz, and Cokelez (2009) distributed a questionnaire
to primary school students in their second tier that was composed of open-ended
questions in which one of the topics was electric energy and transformation of this
energy. Students were shown an electric circuit composed of a battery, a lamp, and a
propeller attached to an electric motor and a resistor in a cup full of water, and were
then asked which energy transformations took place in the propeller and the cup. The
results of the study revealed that more than half of the students either did not know
or incorrectly expressed the energy transformation that took place in the battery.
Consequently, it is possible to say that students have difficulty comprehending
concepts related to generators and energy transformation and use similar concepts to
describe them (Yiirimezoglu & Cokelez, 2010).

Another important result of the current study are teacher candidates’ misconceptions
regarding alternating current. Most of the teacher candidates explained that
alternating current was a result of magnets without being able to explain the main
factors composing the current. The fact that teacher candidates tried to explain the
composition of alternating current by associating R-L-C circuits with the electric
field leads the researcher to believe that their misconceptions regarding this topic
are a result of what they remembered from the shapes depicted in their textbooks. In
other words, depictions of this type of circuit attracted their attention while verbal
and mathematical knowledge remained in the background.

This specific result indicates serious deficiencies in the textbooks used by
teacher candidates and reveals that trying to explain fundamental physics subjects
by oversimplifying them causes students to develop a number of misconceptions
(Sefton, 2002; Wainwright, 2007). For instance, it is believed that teacher candidates’
explanations for the events taking place in a simple circuit produced by connecting a
generator to a lamp using a wire — an event depicted in many textbooks from primary
school to university — not only create hurdles for students, but are also insufficient for
high level learning. Teacher candidates explained that electrons had a role in moving
the electrical energy produced by the generator and that electrons moved at very high
speeds in the circuit. It was observed that teacher candidates generally associated this
event with how a lamp immediately filled a room with light after pressing the power
switch. However, electrons move very slowly when transporting electrical energy
whereas energy transfer occurs at a very high speed (Sefton, 2002). For this reason,
depicting how this event occurs through simple drawings in textbooks is not only
insufficient, but also leads students to develop misconceptions.
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Furthermore, when teacher candidates were asked during the interviews whether
AC generators had poles, most of them mentioned that they did. At the same time,
many teacher candidates stated that an electric field was present in the platform as
a result of moving the coil closer to and away from the magnet. However, current is
created as a result of the change of the magnetic field about any conductor causes emf
(in other words, voltage). Teacher candidates confused magnetic fields with electric
ones. The semantic familiarity and the similarity of the mathematical formulas
between these terms not only render them more difficult to understand, but cause
confusion between them. These types of problems present in students’ textbooks
cause similar problems in understanding other terms (Bagno & Eylon, 1997).

A number of studies in the literature reveal that students have many misconceptions
about and confuse electric and magnetic fields, emphasizing that main cause of
these misconceptions are textbooks (Guisasola, Zuza, & Almudi, 2013; Kesonen,
Asikainen, & Hirvonen, 2011; Raduta, 1998; Saarelainen et al., 2007; Sefton, 2002).
The common view of these studies is that textbooks cause similar misconceptions
because the methods used to calculate electric fields, magnetic fields, electrical
power, and electrical potential are similar. It is observed that not only do textbooks
emphasize verbal explanations and qualitative analysis, they also make heavy use
of mathematical expressions when teacher candidates have difficulty grasping the
vector and scalar products in topics related to magnetism and the electricity (Kesonen
et al., 2011; Raduta, 1998).

It is also observed that studies on alternating current are not only limited in number;
the concept’s boundaries are also quite narrow (Biswas et al., 1998; Biswas et al., 2001).
Although concepts related to this subject are not included in the primary education
curriculum in the Turkish Education System, they are in higher levels of secondary
education, such as in 11" grade, and especially in 12" grade physics, and during one’s
freshman year in university. There are a few studies in the literature that deal with this
subject, with most of them focusing their research on magnetism (Bagno & Eylon,
1997; Finkelstein, 2005; Galili, 1995; Maloney, 1984; Ozen & Giirel, 2003; Saglam,
2003; Saglam & Millar, 2006). In addition to these studies, Demirci and Cirkinoglu
(2004) revealed a number of misconceptions related to electricity and magnetism held
by students after collecting participants’ responses to the Electrostatics and Magnetism
Concept Test, finding that many students did not have sufficient knowledge about
Faraday’s Law, Magnetic Induction, or other subjects.

Studies in the literature also mention the difficulties that high school and 1%
year university students face in these subjects; namely that many students cannot
distinguish between concepts regarding these subjects on either the experimental or
interpretative level (Meng Thong & Gungstone, 2008) and that many students use
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Faraday’s Law without knowing its physical meaning. Consequently, the first thing
that needs to be done in order for students to learn such complex concepts is to
construct a hypothesis that will lead to a solution to these problems, after which
different resolutions and experimental methods need to be chosen so that students
may begin to understand the concepts and laws in detail (Guisasola et al., 2013).

No teacher candidates answered the question dealing with alternating current
correctly, and their responses revealed that they believed alternating voltage to
be a result of the current. The teacher candidates’ commonly held misconception
that transformers enable electric voltage and current to change according to the
requirement originates from their incorrect knowledge regarding the number of turns
and mathematical proportion between current and voltage. Teacher candidates also
incorrectly believed that generators were used to store electric current. Finally, teacher
candidates not only considered the energy transformations that occur in electric power
plants to be similar with other types of energy, but also misunderstood the relations
existing between concepts used in this specific area. No similar studies were seen in
the literature concerning misconceptions regarding energy transformations in electric
power plants. Teacher candidates’ interview responses were generally based on the
knowledge, shapes, and graphics found in their textbooks and printed documents.

Consequently, since electric current a subject that is difficult to understand
and since it requires not only sufficient knowledge and skills but also a positive
attitude while learning it, it is one of the subjects in which students have the most
misconceptions. Students will have misconceptions for a number of different reasons;
the most important of which are because the terminology used in daily life about
the electric current does not match up with its scientific equivalent, the experiences,
students learn scientific concepts incorrectly due to their or their teachers’ using them
as they are used by laymen in contrast to how they are used in scientific fields (Chi,
1992; Wainwright, 2007). In teaching such fundamental concepts as current, potential
difference, generators, and emf, the sequence used to explain them should be paid
attention to in order to prevent students from developing misconceptions. In this
way, students will be able to place the concepts into their cognitive structures in an
appropriate manner, which will then positively influence their understanding of other
concepts. For example, firstly, the concept of charge should be explained followed
by mentioning the structure of conducting items when explaining how current is
produced (Cildir, 2005). Alternative teaching methods that are experimental and
qualitative in nature should be chosen to those included in students’ current textbooks
to overcome the misconceptions (Flynn, 2011).

The following suggestions can be made to those researchers wishing conduct
further research regarding this topic:
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i.  Since electric current is very frequently used in daily life, concepts, such as
hydroelectricity, generators, and electric devices should be taught together with
their related subjects,

ii. Necessary laboratories arrangements should be made so that students may
conduct experiments related to electric current and the concepts used in this
subject should be made more concrete,

iii.  Students’ misconceptions regarding this subject should be revealed using
different evaluation techniques in all the levels before beginning to teach about
electric current and activities to eliminate these misconceptions should be
developed and organized according to the results of these evaluations,

iv.  Pilot applications aiming to define and reduced the misconceptions frequently
encountered in the literature should be included in the curriculum of science
education programs (special teaching methods, etc) in universities, and

v. Teacher candidates’ gender should be considered before teaching and using
methods to define their prior knowledge so that this variable may play an
equalizer role throughout one’s entire educational career.

References

Adrian, B. W., & Fuller, R. G. (1997, October). 4 qualitative investigation of college students’
conceptions of electric fields. Report presented at the Meeting of the Arkansas- Oklahoma
Kansas and Nebraska AAPT Sections, Manhattan. Retrieved from http://www.compadre.org/
per/items/detail.cfm?ID=11964

Aycan, S., & Yumusak, A. (2003). Lise miifredatindaki fizik konularinin anlasilima diizeyleri
tizerine bir arastirma [A research on the level of comprehension of the topics in high school
Physics curriculum]. Milli Egitim Dergisi, 159, 171-180.

Aykutlu, 1., & Sen, A. I. (2012). Ug asamal test, kavram haritasi ve analoji kullamlarak lise
ogrencilerinin elektrik akimi konusundaki kavram yanilgilarinin belirlenmesi [Determination
of secondary school students’ misconceptions about the electric current using a three tier test,
concept maps and analogies]. Egitim ve Bilim, 37(166), 275-288.

Bagno, E., & Eylon, B. S. (1997). From problem solving to a knowledge structure: An example
from the domain of electromagnetism. American Journal of Physics, 65(8), 726-736.

Bagno, E., Eylon, B. S., & Ganiel, U. (2000). From fragmented knowledge to a knowledge structure:
Linking the domains of mechanics and electromagnetism. American Journal of Physics, 68(7), 16-26.

Baser, M. (2006). Effects of conceptual change and traditional confirmatory simulations on pre-
service teachers’ understanding of direct current circuits. Journal of Science Education and
Technology, 15(5-6), 367-381.

Biswas, G., Schwartz, D., Bhuva, B., Bransford, J., Brophy, S., Balac, T., & Katzlberger, T. (1998).
Analysis of student understanding of basic AC concepts. ONR Research Group, Technical
Report TR-CS-98-07. Nashville, TN: Vanderbilt University. Retrieved from http://www.dtic.
mil/cgi-bin/GetTRDoc?AD=ADA360685

1085



EDUCATIONAL SCIENCES: THEORY & PRACTICE

Biswas, G., Schwartz, D., Bhuva, B., Bransford, J., Holton, D., Verma, A., & Pfaffman, J. (2001).
Assessing student understanding of concepts in electricity to inform instructional decisions.
ONR Research Group, Final Report Nashville, TN: Vanderbilt University. Retrieved from http://
www.dtic.mil/get-tr-doc/pdf?’AD=ADA401285

Bursal, M. (2013). ilkogretim ogrencilerinin 4-8. siuf fen akademik basarilarmin boylamsal
incelenmesi: Smif diizeyi ve cinsiyet farkliliklar1 [Longitudinal investigation of elementary
students’ science academic achievement in 4-8th grades: Grade level and gender differences].
Educational Sciences: Theory & Practice, 13, 1141-1156.

Biiyiikoztiirk, S., Kilig Cakmak, E., Akgiin, O. E., Karadeniz, S., & Demirel, F. (2014). Bilimsel
arastirma yontemleri [Scientific research methods]. Ankara, Turkey: Pegem Akademi Yayinlari.

Cansiz Aktag, M. (2015). Nitel veri toplama araglar1 [Qualitative data collection tools]. In M.
Metin (Ed.), Kuramdan uygulamaya egitimde bilimsel arastirma yontemleri [Scientific research
methods in education from theory to practice] (pp. 337-371). Ankara, Turkey: Pegem Akademi.

Cekbas, Y., & Kara, I. (2009). Evaluation of basic physics subject matter knowledge of prospective
clementary science teachers. Eurasian Journal of Physics and Chemistry Education, 1(1), 1-7.

Chi, M. T. H. (1992). Conceptual change within and across ontological categories examples from
learning and discovery in science. In R. Giere (Ed.), Cognitive models of science: Minnesota
studies in the philosophy of science Minneapolis (pp. 129—160). Minneapolis, MN: University
of Minnesota Press.

Cildir, 1. (2005). Lise ogrencilerinin elektrik akimi konusundaki kavram yanilgilarmin kavram
haritalariyla belirlenmesi [1dentification of high school students’ misconception about electric
current by concept maps]. (Master’s thesis, Hacettepe University, Ankara, Turkey). Retrieved
from https://tez.yok.gov.tr/Ulusal TezMerkezi/

Cildir, I, & Sen, A. 1. (2006). Lise 6grencilerinin elektrik akimi konusundaki kavram yanilgilarinin
kavram haritalartyla belirlenmesi [Identification of high school students’ misconception about
electric current by concept maps]. Hacettepe Universitesi Egitim Fakiiltesi Dergisi, 30, 92—101.

Cohen, L., Manion, L., & Morrison, K. (2000). Research methods in education. London & New
York: Routledge Falmer.

Cohen, R., Eylon, B., & Ganiel, U. (1983). Potential differences and current in simple electric
circuits: A study of students’ concepts. American Journal of Physics, 51(5), 407—412.

Cokelez, A., & Yiirtimezoglu, K. (2009). Conceptualization forms of “electricity, electric current
and electrical energy” by junior high school (aged 12-14) students. Latin American Journal of
Physics Education, 3(3), 496-505.

Demirci, N., & Cirkinoglu, A. (2004). Ogrencilerin elektrik ve manyetizma konularmda sahip
olduklar1 6n bilgi ve kavram yanilgilarinin belirlenmesi [Determining students’ preconceptions/
misconceptions in Electricity and Magnetism]. TZirk Fen Egitimi Dergisi, 1(2), 116—-138.

Driver, R. (1989). Students’ conceptions and the learning of science. International Journal of
Science Education, 11, 481-490.

Driver, R., Squires, A., Rushworth, P., & Robinson, V. (1994). Making sense of secondary science.
London, UK: Routledge.

Duit, R., Jung, W., & von Rhoneck, C. (Eds.). (1985). Aspects of understanding electricity:
Proceedings of an international workshop. Institut fiir die Padagogik der Naturwissenschaft
(IPN), Kiel, West Germany: Schmidt und Klaunig.

1086



Sert Cibik / Determining Science Teacher Candidates’ Academic Knowledge and Misconceptions about Electric Current

Dupin, J. J., & Johsua, S. (1987). Conception of French pupils concerning electric circuits: Structure
and evolution. Journal of Research in Science Teaching, 24(9), 791-806.

Engelhardt, P. V., & Beichner, R. J. (2004). Students’ understanding of direct current resistive
electrical circuits. American Journal of Physics, 72, 98—115.

Eryilmaz, A. (1996). The effects of conceptual assignments, conceptual change discussions, and
a CAl program emphasizing cognitive conflict on students’ achievement and misconceptions in
physics (Doctoral dissertation, Florida Institute of Technology, United States). Retrieved from
https://tez.yok.gov.tr/Ulusal TezMerkezi/

Eryilmaz, A. (2002). Effects of conceptual assignments and conceptual change discussions on
students’ misconceptions and achievement regarding force and motion. Journal of Research in
Science Teaching, 39(10), 1001-1015.

Evans, E. M., Schweingruber, H., & Stevenson, H. W. (2002). Gender differences in interest and
knowledge acquisition: The United States, Taiwan and Japan. Sex Roles, 47(3/4), 153-167.

Finkelstein, N. (2005). Learning Physics in context: A study of student learning about electricity
and magnetism. International Journal of Science Education, 27(10), 1187-1209.

Flynn, A. (2011). Active learning exercises for teaching second level electricity addressing basic
misconceptions. Resource & Research Guides, 2(10), 1-4.

Galili, I. (1995). Mechanics background influences students’ conceptions in electromagnetism.
International Journal of Science Education, 17(3), 371-387.

Galili, I., & Lehavi, Y. (2006). Definitions of physical concepts: A study of physics teachers’
knowledge and views. International Journal of Science Education, 28(5), 521-541.

Greenfield, T. A. (1997). Gender and grade- level differences in science interest and participation.
Science Education, 81(3), 259-276.

Guisasola, J., Zuza, K., & Almudi, J. M. (2013). An analysis of how electromagnetic induction
and Faraday’s law are presented in general physics textbooks, focusing on learning difficulties.
European Journal of Physics, 34, 1015-1024.

Giirel, Z., & Acar, H. (2001, September). Temel fizik kanunlarimin agirliksiz ortamda isleyisleri
ile ilgili ogrenci goriiglerinin incelenmesi [Investigating student views about basic physics
principles in the weightless environment]. Paper presented at the Yeni Binyilin Basinda
Tiirkiye’de Fen Bilimleri Egitimi Sempozyumu, Maltepe Universitesi Egitim Fakiiltesi Bildiriler
Kitab1, Maltepe University, Istanbul.

Heller, M. P., & Finley, N. F. (1992). Variable uses of alternative conceptions, a case study in
current electricity. Journal of Research in Science Education, 29(3), 259-276.

Hewson, P. W., & Hewson, M. G. (1984). The role of conceptual conflict in conceptual change and
the design of science instruction. Instructional Science, 13, 1-13.

Jones, M. G., Howe, A., & Rua, M. J. (2000). Gender differences in students’ experiences; interests
and attitudes toward science and scientists. Science Education, 84, 180-192.

Kan, S. (2003). Cocuklarin bazi fen konular: hakkindaki diisiincelerinin arastirilmasi [ The research
of children’s ideas in some science subjects] (Master’s thesis, Yiiziincii Y1l University, Van,
Turkey). Retrieved from https://tez.yok.gov.tr/Ulusal TezMerkezi/

Karakuyu, Y., & Tiiysiiz, C. (2011). Elektrik konusunda kavram yanilgilar1 ve kavramsal degisim

yaklagimi1 [Misconceptions in electricity and conceptual change strategy]. Gaziantep Universitesi
Sosyal Bilimler Dergisi, 10(2), 867-890.

1087



EDUCATIONAL SCIENCES: THEORY & PRACTICE

Karasar, N. (2004). Bilimsel arastirma yontemleri [Scientific research methods]. Ankara, Turkey:
Nobel Yayncilik.

Kaérrqvist, C. (1985). The development of concepts by means of dialogues centered on experiments.
In R. Duit, W. Jung & C. von. Rhéneck (Eds.), Aspects of understanding electricity (pp. 215—
226). Kiel, Germany: IPN.

Kesonen, M. H. P, Asikainen, M. A., & Hirvonen, P. E. (2011). University students’ conceptions of the
electric and magnetic fields and their interrelationships. European Journal of Physics, 32, 521-534.

Koray, O., Ozdemir, M., & Tatar, N. (2005). Tlkégretim 6grencilerinin “Birimler” hakkinda sahip
olduklar1 kavram yanilgilart: Kiitle ve agirlik 6rnegi [Primary school student’s misconceptions
about “Units”: Example of mass and weight]. [lkégretim-Online, 4(2), 24-31.

Kiigiikozer, H., & Kocakiilah, S. (2007). Secondary school students’ misconceptions about simple
electric circuits. Journal of Turkish Science Education, 4(1), 101-115.

Lee, Y., & Law, N. (2001). Explorations in promoting conceptual change in electrical concepts via
ontological category shift. International Journal of Science Education, 23(2), 111-149.

Licht, P. (1991). Teaching electrical energy, voltage and current: An alternative approach. Physics
Education, 26, 272-277.

Maloney, D. P. (1984). Rule-governed approaches to physics: Newton’s third law. Physics
Education, 19, 37-42.

McDermott, L. C., & Shaffer, P. S. (1992). Research as a guide for curriculum development: An
example from introductory electricity. Part I: Investigation of student understanding. American
Journal of Physics, 60(11), 994-1003.

Meng Thong, W., & Gungstone, R. (2008). Some students’ conceptions of electromagnetic
induction. Research in Science Education, 38(1), 31-44.

Nosek, B. A., Smytha, F. L., Srirama, N., Lindnera, N. M., Devos, T., Ayala, A., ... Greenwald, A. G.
(2009). National differences in gender science stereotypes predict national sex differences in
science and math achievement. Proceedings of the National Academy of Sciences of the United
States of America (PNAS), 106(26), 10593—-10597. Retrieved from http://www.pnas.org/search?
fulltext=nosek&volume=106&issue=26&submit=yes

Orgiin, E. (2002). Lise dgrencilerinin elektrik akimi konusundaki kavram yanilgilarinda yapici
ogretim yaklagiminin etkisi [The effect of constructivist teaching approach on student’s
misconceptions about electric current at high school] (Master’s thesis, Marmara University,
Istanbul, Turkey). Retrieved from https:/tez.yok.gov.tr/Ulusal TezMerkezi/

Ozen, S. U., & Giirel, Z. (2003). Universite 6grencilerinin akim ve elektromagnetik dalga olusumu
ile ilgili kavram yanilgilari [University students’ misconceptions about current and generating
electromagnetic wave]. Pamukkale Universitesi Egitim Fakiiltesi Dergisi, 13(1), 177-186.

Ozmen, H. (2004). Fen ogretiminde &grenme teorileri ve teknoloji destekli yapilandirmaci
(constructivist) 6grenme [Constructivist learning in science teaching supported with learning
theories and technology]. The Turkish Online Journal of Educational Technology, 3(1), 100-111.

Pardhan, H., & Bano, Y. (2001). Science teachers’ alternative conceptions about direct-currents.
International Journal of Science Education, 23(3), 301-318.

Philippi, K. H. (2010). An examination of student understanding of the use of models in science
and conceptual understanding of electricity and magnetism (Doctoral dissertation, University
of New Orleans, United States). Retrieved from https://scholarworks.uno.edu » ... » Theses and
Dissertations/

1088



Sert Cibik / Determining Science Teacher Candidates’ Academic Knowledge and Misconceptions about Electric Current

Planinic, M. (2006). Assessment of difficulties of some conceptual areas from electricity and
magnetism using the Conceptual Survey of Electricity and Magnetism. American Journal of
Physics, 74(12), 1143-1148.

Psillos, D., Koumaras, P., & Tiberghien, A. (1988). Voltage presented as a primary concept in an
introductory teaching sequence on DC circuits. International Journal of Science Education,
10(1), 29-43.

Raduta, C. (1998). General students’misconceptions related to electricity and magnetism (Doctoral
dissertation, The Ohio State University, United States). Retrieved from https://library.osu.edu/
help/tutorials/how-to-find-dissertations-and-theses/

Saarelainen, M., Laaksonen, A., & Hirvonen, P. E. (2007). Students’ initial knowledge of electric and
magnetic fields more profound explanations and reasoning models for undesired conceptions.
European Journal of Physics, 28, 51-60.

Saglam, M., & Millar, R. (2006). Upper high school students’ understanding of electromagnetism.
International Journal of Science Education, 28(5), 543-566.

Saglam, M. (2003). Students’ understanding of electromagnetism at upper secondary school level
in England and Turkey (Doctoral dissertation, The University of York, England). Retrieved from
https://tez.yok.gov.tr/Ulusal TezMerkezi/

Sahin, B. (2007). Toplumsal cinsiyet ve basari: Ankara ili Cankaya ve Mamak ilceleri ilkogretim
ikinci kademe ogrencileri ornegi [ Gender and achievement the case of upper elementary students
in Ankara city Cankaya and Mamak districts] (Master’s thesis, Ankara University, Ankara,
Turkey). Retrieved from https://acikarsiv.ankara.edu.tr/browse/4427/4918.pdf

Sefton, I. M. (2002). Understanding electricity and circuits: What the text books don't tell you.
Proceedings of the 9th Science Teachers Workshop. Sydney: Science Foundation for Physics.
Retrieved from https://science.uniserve.edu.au/school/curric/.../stw2002/sefton.pdf

Sen, A. 1., & Aykutlu, 1. (2008). Ogrencilerin elektrik akimi konusundaki kavramlarmin tespit
edilmesinde kavram haritalarinin alternatif degerlendirme araci olarak kullanilmasi [Using
concept maps as an alternative evaluation tool for students’ conceptions of electric current].
Eurasian Journal of Educational Research (EJER), 31, 75-92.

Sencar, S., & Eryilmaz, A. (2002, September). Ogrencilerin elektrik devreleri ile ilgili kavram
yanilgilarinda goriilen cinsiyet farkliliklarimin nedenleri [Reasons of gender differentiation in
misconceptions of the students about electric current]. Paper presented at the V. Ulusal Fen
Bilimleri ve Matematik Egitimi Kongresi, ODTU, Ankara, Turkey.

Sencar, S., & Eryilmaz, A. (2004). Cinsiyetin dgrencilerin elektrik konusunda sahip olduklar1
kavram yanilgilar1 tizerindeki etkisi ve goriilen cinsiyet farkliliklarinin nedenleri [The effect
of gender on students’ misconceptions concerning electricity and reasons of observed gender
difference]. Hacettepe Universitesi Egitim Fakiiltesi Dergisi, 26, 141-147.

Sert Cibik, A. (2011). Elektrik akimi konusunda yanhs kavramalar ve bunlarin giderilmesinde
analojilerle desteklenmis proje tabanli 6grenme yonteminin etkisi [Misconceptions on electrical
current concept and the effect of project-based learning approach supported by analogies for
reducing them] (Doctoral dissertation, Gazi University, Ankara, Turkey). Retrieved from https://
tez.yok.gov.tr/Ulusal TezMerkezi/

Shipstone, D. M., Rhéneck, C. V., Jung, W., Kérrqvist, C., Dupin, J. J., Joshua, S., & Licht, P.
(1988). A study of students’ understanding of electricity in five European countries. International
Journal of Science Education, 10(3), 303-316.

1089



EDUCATIONAL SCIENCES: THEORY & PRACTICE

Sénmez, V., & Alacapmar, G. F. (2011). Orneklendirilmis bilimsel arastrma yontemleri
[Exemplified scientific research methods]. Ankara, Turkey: An1 Yayincilik.

Spelke, E. S. (2005). Sex differences in intrinsic aptitude for mathematics and science? A critical
review. American Psychologist, 60(9), 950-958.

Treagust, D. F. (1988). Development and use of diagnostic tests to evaluate students” misconception
in science. International Journal of Science Education, 10(2), 159—169.

Ulug, F. (1999). Okulda basar: [Success in school]. Istanbul, Turkey: Remzi Kitapevi.

Wainwright, C. L. (2007, January). Toward learning and understanding electricity: Challenging
persistent misconceptions. The Annual Meeting of the Association for Science Teacher
Education (ASTE), Clearwater, Florida. Retrieved from http://fg.ed.pacificu.edu/wainwright/
Publications/MisconceptionsArticle.06.pdf

Yesilyurt, M. (2006). ilkdgretim ve lise dgrencilerinin elektrik kavramu ile ilgili diisiinceleri
[Primary education and high school students’ views about electricity concept]. Elektronik Sosyal
Bilimler Dergisi, 5(17), 41-59.

Yildirim, A., & Simsek, H. (2016). Sosyal bilimlerde nitel arastirma yontemleri [Qualitative
research methods in social sciences]. Ankara, Turkey: Se¢kin Yayncilik.

Yildirim, H. 1., Yalgin, N., Sensoy, O., & Akcay, S. (2008). Tlkégretim 6. 7. ve 8. simf 6grencilerinin
elektrik akimi konusunda sahip olduklar1 kavram yanilgilari [A survey study of 6%, 7" and 8"
grade students’ misconceptions in electric current]. Kastamonu Egitim Dergisi, 16(1), 67-82.

Yilmaz, O., Tekkaya, C., Geban, O., & Ozden, Y. (1998, September). Lise 1. simf dSrencilerinin
hiicre boliinmesi iinitesindeki kavram yanilgilarimin tespiti ve giderilmesi [Determination and
reducing the misconceptions of 1 grade high school students about cell division concept]. Paper
presented at the I11. Ulusal Fen Bilimleri Egitimi Sempozyumu, Karadeniz Teknik Universitesi,
Trabzon.

Yip, D. Y. (1998). Teachers’ misconceptions of the circulatory system. Journal of Biological
Education, 32(3), 207-216.

Yip, D., Chung, M., & Mak, S. (1998). The subject matter knowledge in physics related topics of
Hong Kong junior secondary science teachers. Journal of Science Education and Technology,
7(4), 319-328.

Yiiksek Ogretim Kurulu. (2007). Egitim fakiiltesi 6gretmen yetistirme lisans programlart [Faculty
of education teacher training bachelors programs]. Retrieved from http://www.yok.gov.tr_

Yirtimezoglu, K., & Cokelez, A. (2010). Akim geciren basit bir elektrik devresinde neler oldugu
konusunda 6grenci goriisleri [Student concepts about what happens in a simple electrical circuit
with a current source]. Tiirk Fen Egitimi Dergisi, 7(3), 147-166.

Yirtimezoglu, K., Ayaz, S., & Cdkelez, A. (2009). Hkégretim ikinci kademe 6grencilerinin enerji
ve enerji ile ilgili kavramlari algilamalari [Grade 7-9 students’ perceptions of energy and related
concepts]. Necatibey Egitim Fakiiltesi Elektronik Fen ve Matematik Egitimi Dergisi (EFMED),
3(2), 52-73.

1090



