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Misconceptions choice diagnostic tests equipped with a Certainty Response Index (CRI) can be conducted.
Dynamic Electricity Concept The data obtained is then completed with interview data. This research is a descriptive
Math Teacher Candidate research which is a research to give a description about phenomenon, or facts under study by

describing the value of the variable without comparing. The study found that 81% of
students’ have a misconception in the sub-chapter of electric current, and 50% in the concept
of electric potential difference sub-chapter.
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1. Introduction

One of the objectives of Physics course for mathematics teacher candidates is that learners
have the ability to master the concepts and principles of physics and have the skills to develop
knowledge and confidence. Based on the objective, the students are expected to have the
ability to master physics concepts at the end of the learning. Learning concept is the main
outcome in education. Concepts are the building blocks of thinking. Besides, Concepts are the
basis for higher mental processes to formulate principles and generalizations (Dahar, 1989).

Math teacher candidates should have a good understanding of a good and correct concept
in the fulfillment of math teacher candidates’ competences. However, in the practice, students
who have difficulty in studying physics, especially difficulties in mastering the concepts of
physics are still found. This resulted in unsatisfied physics learning achievement. The results

of research done in the last two decades in the field of physics teaching show that one of the
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main sources of difficulty in physics is the result of misconceptions among students (Van den
Berg, 1991).

If a lecturer teaches without regarding any students’ misconceptions which have been
shaped in their minds before learning, then the lecturer will not succeed in implanting the
correct concept. Suparno (2005) stated that educators often find that students and students
have different concepts with concepts determined by experts or scientifically. Wilantara
(2003) stated that knowledge is formed by direct experience, it becomes difficult to tell
students to change misconceptions. McCuin et al., (2014) stated that conceptual change theory
holds that pre-existing misconceptions persist under regular instruction and interfere with
student acquisition of correct concepts. In the Semester Lesson Planning of Physics for
mathematic teacher candidates, dynamic electricity concept is one of the subjects taught in
this course. In the study of physics, misconception will hamper the achievement of physics
learning goals.

Martyushev (2013) stated that persistent misconceptions existing for dozens of years and
influencing progress in various fields of science are sometimes encountered in the scientific.
Klammer (Tayubi, 2005) stated that misconceptions will greatly hinder the process of
acceptance and assimilation of other knowledge in students, thus hindering the success of
students in the process of further learning. Turgut et al., (2011) research shows that there is a
student's misconception about the concept of electricity. Results indicated that students do not
have a clear understanding of the underlying mechanisms of electric circuit phenomena
(Engelhardt & Beichner, 2003). Montecinos (2014) reveals that students experience
misconceptions both physically and implicit mathematical consistency. This becomes a
serious problem in physics learning and should get attention of lecturers and researchers.
Therefore, an effort is needed to identify students’ misconceptions and to overcome them.

Based on the above information, the authors are interested to examine the misconception
that occurred in mathematics teacher candidates about the concept of dynamic electricity. The
researcher attempted to make a profile of the achievement level of mathematics teacher
candidates’ misconception on dynamic electricity concept in one of the basic physics lectures
for the mathematics teacher candidates. The researchers made the result of this research as the
preliminary study for the implementation of the development of the appropriate basic physics
lecture program suitable for mathematics teacher candidates; one of them is the basic physics
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courses that oriented the ability of graphic and mathematical construction of a physical
phenomenon.
2. Method

This research is a descriptive research. According to Arikunto (2005), descriptive research
is a study intended to collect information about the status of an existing event; the real
condition of phenomena without any treatment during the researching process. Descriptive
research is not intended to test a particular hypothesis, but only explains and gives a "real
portrait” of a variable, phenomenon or condition of a phenomenon that will be studied.

The main purpose of descriptive research is to provide an explanation by describing
systematically the reality and characteristics of the object or subject correctly (Sukardi, 2003).
This research is intended to get a picture of student misconception of mathematics teacher
candidates on dynamic electricity concept.

2.1 Research Workflow

The workflow of the research is presented below:
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Figure 1. Research Workflow
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The researcher uses Figure 1 as a reference in the implementation of the research
workflow. In general, the researcher conducted two stages of research. The first is the
preparation phase which consists of the analysis of administration documents and the
preparation of the instrument for dynamic electricity misconceptions. After applying the first
phase, the researcher proceeded with the second stage in the implementation of dynamic
electricity misconceptions test and interviews to obtain synchronized results between the
misconceptions test data with the results of lecturer and students interviews.

2.2 Population and Samples

The population of this research is the level 1 students of mathematics teacher candidates
in one private university in Cirebon City in the academic year of 2015/2016. The researcher
conducted a purposive sampling technique in determining the sample.

2.3 Research Variables

Variables are symptoms that vary, which becomes the object of the research (Arikunto,
2002). The variable of this research is "Misconception of math teacher candidates on the
concept of dynamic electricity”. The dependent variable in this research is the result of
dynamic electricity misconception test.

2.4 Research Instruments

Research instrument is a tool used by the researcher in collecting the research data so that
the work is more efficient and the result is better, more accurate, complete and systematic to
be processed, analyzed and concluded (Arikunto, 2002). To obtain data in this study, data
collection tool (research instrument) is used in the form of misconception diagnostic tests
equipped with CRI, interview guides, and observation guidelines. The details of the research
instruments are as it follows:

1) Misconception diagnostic test

According to Subiyanto (Surbakti, 2000), a diagnostic test is a test to identify any
obstacles underlying students’ learning difficulties. The diagnostic test in this study is a
multiple choice objective test with a certainty of response index (CRI).

The certainty of Response Index (CRI) is a measure of the level of confidence / certainty
of students in answering any given questions. CRI is generally based on a scale and is given
with every answer to a problem in the question. To know if a student is categorized as having

a misconception or not knowing the concept can be distinguished simply by analyzing and
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comparing the correctness of the answer to a question with a low-high index of certainty
(CRI) given to the question.
2) Interview guide

Interview guide is a guide sheet used by researchers to collect data. Interview methods are
used to control the consistency of answers and CRI given by the students. The students’
consistency in answering questions indicates whether students have misconceptions or not.
Tasoglu et. al., (2015); Baumert et al., (2010) detecting students' misconceptions can be used
open-ended questions.
3) Observation guide

Observation is an activity undertaken by the researchers on physics lecturer during the
learning instruction of dynamic electricity takes place. Observations were conducted through
observation guidelines prepared by the researchers.

The purpose of the observation is to obtain information about the continuity of dynamic
electricity learning by physics lecturers as well as to ensure that the lecturer does not

experience misconceptions during the learning instruction takes place.

2.5 Technique of Data Analysis
1) Analysis of the results of research instrument trial
a. A validity test of the instrument
b. Reliability test of the instrument
2) Technique of Data Analysis
a. ldentifying misconceptions on each dynamic electricity concept occurs on each
student individually through the following steps:
i. Scoring and tabulating the CRI index for each student;
ii. Determining students who know the concept, do not know the concept and any
misconception on each dynamic electricity concept tested,;
iii. The conclusions obtained do not reflect students’ misconceptions but they should be
corroborated with interview data;
iv. Tabulating the percentage of students who know the concept, do not know the
concept and any misconception of each concept tested;
v. Creating a graph that describes the percentage of students who know the concept, do

not know the concept, and any misconception on each question tested;
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vi. Determining the tendency of concepts that students are conceived by graphics.

b. ldentifying misconceptions on each electricity concept that occurs in the students’

group through the following steps: Finding out CRI average of wrong and correct

answers of each tested electricity concept using the following formula (Hasan,1999):

Vii.

2 CRI
b= D s (1)
nb
> CRI
and R, = > e (2)
nS
Notes:
Rb = CRI average for correct answers
2 CRI, = Number of CRI score for correct answers
Nb = Number of students who give correct answers
Rs = CRI average for wrong answers
2 CRI; = Number of CRI score for wrong answers
Ns = Number of students who give wrong answers

Determining students’ fraction who give correct answers or the fraction of
students who give wrong answers from the total number of students, using the

following formula:

n
f, :?b ........... (3)
n

dan fo=— s 4

=T (4)
dengan:
fo = Student fraction who give correct answers from all students
fs = Student fraction who give wrong answers from all students
Nb = Number of students who give correct answers
Ns = Number of students who give wrong answers
T = Total Number of Students

1) Create a graph depicting the average ratio of CRI to true and wrong
answers to the fraction of the number of students who correctly answer
each given question;

2) Determining the tendency of conception that is believed to be true by a

group of students experiencing misconceptions on any electricity concept.

c. Analysis of interview data to deepen the students’ misconception and to know

the cause of students” misconception
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d. Analysis of observation data of teaching and learning instruction conducted by a
lecturer in teaching electricity concept

3. Result and Discussion
3.1 The Result of Students’ Physics Misconception Test

The description of data from the students’ misconception test result can be seen in the
following table:

Table 1. The Percentage of Persentase of Misconception Students (MC), knowing concept (KC), and do not
know concept (DKC) of dynamic electricity.

No Sub-Concept MC KC DKC Total
1 | Ohm’s Law 32.7 15.2 52.1 100.0
2 | Electrical resistance 324 7.2 60.4 100.0
3 | Kirchoff’s Law 32.7 1.1 66.3 100.0

Average 32.6 7.9 59.6 100.0

3.2 The Result of Students’ Physics Misconception Test for each Question
The description of data from the students’ misconception test result for each question can be

seen in the following table:

Table 2. The Percentage of Persentase of Misconception Students (MC), knowing concept (KC), and do not
know concept (DKC) of dynamic electricity for each question

Indicators Question MC KC DKC | Total
Number (%) (%) (%) (%)

Knowing the electrical measuring instrument that
measures the physical quantities listed in simple 1 33 26 41 100
electrical circuits
Explaining the correlation between physical Quantities 2 50 8.7 413 100
and Ohm law
Dete_rmmlng the strength of the curr(_ent flowing in an 3 28.3 0 717 100
ohmic conductor based on the experimental results graph
Determmln_g th_e _current str_ength that flows in the 4 50 29 478 100
electrical circuit if the barrier is changed
Explammg the factors that influence the magnitude of the 5 226 15.2 5292 100
resistance of a conductor
Detgrmmlng the graph of the relationship of R to | for a 6 37 21 60.9 100
particular conductor
C_omparlng the barriers of two similar deliverers of 7 37 15.2 478 100
different sizes
f:rci)ggmg the characteristics of large currents flowing in 8 348 29 63 100
Dete_rmmmg the magnitude of the eIe_ctrlc current 9 3.9 44 717 100
flowing through each lamp arranged in series
!Determlnlng thg greatest current strength through a point 10 217 0 78.3 100
in a branched circuit
Deter_mlnlng the magnitude a_nd dm_ectlon of the current 11 15.2 10.9 739 100
flow in and out of the branching point
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Indicators Question MC KC DKC | Total

Number (%) (%) (%) (%)

Det_ermmlng t'he mggm'tude of the substitute resistance of 12 28.3 8.7 63 100
various electrical circuits

Using the Ohm Law equation to solve problems 13 39.1 6.6 54.3 100

Calcu_latlng the _magn!tude of the resistance of the type of 14 239 10.9 65.2 100

electric conductive wire
Total 454.8 113.1 | 832.1 | 1400
Average 32.5 8.1 59.4 100

From the table, it can be seen that the percentage of the number of students who experience
misconception and do not know the concept is big compared to who know the concept, this
happens for all questions / concepts. The average CRI score of students who give correct and
wrong answers, and the fraction of students who answered correctly and the fraction of

students who answered wrong can be seen in table 3 above.

Table 3. The average of CRI who give correct answers (CRIB) and wrong answers (CRIS) and Students” fraction
who answer correctly (Fb)

No Indicators CRIB | CRIS | Fb
Knowing an electrical measuring instrument that measures the physical

1 | quantities listed on a simple electrical circuit 2.67 | 264 |0.39

2 | Explain the relationship of physical quantities in Ohm's Law 2.71 2.77 10.15
Determining the strength of the current flowing in an ohmic conductor based

3 | on the experimental results graph 1.27 22 1024
Determining the current strength that flows in the electrical circuit if the

4 | barrier is changed 3 2.38 | 0.02
Explaining the factors that influence the magnitude of the resistance of a

5 | conductor 1.95 2.79 |0.48

6 | Determining the graph of the relationship of R to | for a particular conductor 214 | 244 | 015

7 | Comparing the barriers of two similar deliverers of different sizes 3 2.3 0.2

8 | Showing the characteristics of the large current flowing in the circuit seri 2.67 2.23 | 0.07
Determining the magnitude of the electric current flowing through each lamp

9 | arranged in series 1.75 197 | 0.17

10 | Determining the greatest current strength through a point in a branched circuit 1.67 1.95 | 0.07
Determining the magnitude and direction of the current flow and exit the

11 | branching point 2 193 | 0.35
Determining the magnitude of the substitute resistance of various electrical

12 | circuits 227 | 242 |0.33

13 | Using the Ohm Law equation to solve problems 2.08 255 |0.28

14 | Calculating the amount of resistance in the type of conductive wire listrik 2.45 2.06 | 0.24

From the result of comparison between CRI on correct/wrong answers and the fraction of
number between students who answered correctly on every item about dynamic electrical
concept, researchers can analyze and know that most students still tend to experience

misconception on the concept of dynamic electricity.
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Based on table 2, it is found that the value of having the greatest misconception with
percentage of 50% from a number of questions. In the sub concept of closed electric circuits.
The number of misconceptions occurred in the topic, because many students gave wrong
answers to the questions. The students do not pay much attention to closed circuit circuits, so
many students answer A with incorrectly installed lamps, where both cables are connected to
the lamp holder body, the negative pole. Besides, the number of misconceptions occurs when
the student answers correctly, but the reason is wrong. on the question, the choice of A seems
correct that contains "All components are connected, so it forms a closed Circuit loop™, but
there is a wrong key phrase that is "all connected components”, which should not all the
components are connected, because the notion connected to the electrical circuit does not
mean that the electric circuit is closed. For example, incandescent lamps are connected to the
two connecting cables on the lamp holder (negative), so that even when it is connected, the
electrical circuit is not as a closed circuit. There should one of the connecting cables be
connected at the bottom of the lamp (positive). Furthermore, about the number 1 with 33% of
the sub-concept of electric current is reviewed microscopically. Many students replied that the
electric current is a moving positive charge. The answer is wrong, because the electric current
should happen due to the movement of electrons or negative charges. That is one
misconception that many occur due to wrong use of teaching materials, such as textbooks sold
in the market. Problems 8, 9, and 12 on the sub-concept of electric potential difference also
have misconceptions above 50%. At number 8 and 9, most students mis-analyze on the
potential differences at some points. In addition, there are also some students who think that
the potential difference in closed circuits can be zero. There should be electric currents in
closed circuits, so it is impossible for a zero potential difference. While number 12 concerns
the addition of a battery that is installed in parallel with the initial battery in the circuit. Many
students replied that the potential difference would be greater, but in fact, the parallel-installed
battery would not change the total potential difference in the circuit. The test developed can
potentially diagnose students who do not understand the concept, not only students who have
a misconception only. Based on the results, the highest percentage in the category "(which is
probable) does not understand the concept of electricity” is the number 15 and 16 on the sub
concept of potential difference. Similarly, in the case of number 8 and 9, number 15 and 16
contain the potential difference values at several points in electrical circuits, but different

constructions of problems. In the case of number 15 and 16, many students experience an
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error in analyzing potential differences at some points, where they assume that a potential
difference is a fixed value for each battery and does not depend on the shape of the circuit.
After analyzing the results of the misconceptions of mathematics teacher candidates, it can be
recognized that the concept of dynamic electricity is still not perfectly understood by students.
The details are as it follows:

1. The students assume that the current in the electrical circuit is a positive charge
flowing in the conductor from the positive pole of the battery to the negative pole of
the battery;

2. The potential difference between the two ends of the battery may increase in value or
decrease depending on the value of the electric current passing through the circuit;

3. Strong electric current at a point in a series of values depends on their distance to the
poles of the battery;

4. Strong electrical currents passing through the obstacles in a series of total value
constraints that occur depend on the value of the resistance;

5. The students assume that the type of resistance used in constructing a resistor does not

affect the amount of measured electrical current.

The results of these misconceptions are in line with the research results found by
McDermott et. al., (1992), Hikmat & Yuyu, (2014), McCuin et. al., (2014), Kurniawan &
Suhandi (2015), Ismail, et al., (2015), and Sangam & Jesiek (2012), but with different
instruments. Kariper (2017) the problem misconceptions may be dissolving with given very
much examples when explain to the students or do with laboratory experiments. The efforts to
overcome misconceptions can be done with the use of virtual media as has been done
(Demirci, 2008), Suhandi et.al (2009), Pelita et al., (2011), Fajarudin (2012), Wibowo, et al.,
(2016), Kurniawan et al., (2016) and Hermita et al., (2017). The use of virtual media either in
practice or demonstration can help to overcome students’ misconceptions. Hence, further
research can investigate the utilization of virtual media in an effort to overcome mathematics

teacher candidates’ misconceptions on physics concepts.

4. Conclusion

Based on the results of data processing and analysis of the research on students’
misconceptions on the dynamic electricity concept, Researchers can conclude that from the

overall dynamic electric current concepts tested, there are concepts where most students tend
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to experience misconception. Meanwhile, the result obtained is that 81% students have
misconceptions about the electric current sub-chapter and 50% in the sub-chapter of electric

potential difference concept.
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