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Preface 
 
 
 
 

It is a very great privilege for Faculty of Mathematics and Natural Science (FMIPA) 

Universitas Negeri Semarang to host the 5th International Conference on Mathematics, Science, 

and Education (ICMSE 2018) in Kuta, Bali, Indonesia on 8-9 October 2018. We are honored to 

have the opportunity to work with Indonesian Chemical Society, Indonesian Physical Society, 

Indonesian Biology Society, Association of Computer Science Higher Education, Indonesian 

Mathematical Society, and Association of Indonesian Science Educator in this forum. In 2018, our 

theme of “Collaborative Research on Science, Mathematics, and Education: Its Application As 

The Development of Sustainable Resources” celebrates the annual conference to provide a 

platform to the researchers, experts and practitioners from academia, governments, NGOs, 

research institutes, and industries to meet and share cutting-edge progress in the field of 

mathematics, natural science, and science education. Also, this event provides an opportunity to 

enhance understanding of relationships between knowledge and research in the scope of 

Mathematics, Biology, Chemistry, Physics, and Science Education. 

The committee of ICMSE 2018 would like to express the sincere gratitude to the keynote 

speakers and all authors of the contributed papers in the conference proceedings. Moreover, would 

like to thank the expert reviewers for reviewing the manuscripts. We also highly appreciate the 

assistance offered by many volunteers in the preparation of the conference and the proceedings, 

and of course, to the sponsors assisting in funding this conference. 

The committee selected papers and report findings presented in this forum to be published 

in Journal of Physics: Conference Series (Institute of Physics Publisher) indexed in some 

databases, including the Conference citation index, Scopus, Inspec, Chemical Abstracts Service, 

and Astrophysics Data System. We hope that this program will expand the mutual understanding 

and respect in stimulating research in Mathematics, Science, and Education; share research interest 

and information, and create a form of collaboration and build a trust relationship. We are delighted 

to be able to show the world what recent developments in the field of Mathematics, Natural 

Science, and Science Education through this fruitful program. 

 
 
Chairperson, 
 

Prof. Dr. St. Budi Waluya
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Student conception of Ohm's law 

I Prastyaningrum* and H Pratama 

Department of Electrical Engineering Education, Faculty of Mathematics and Natural 

Sciences, Universitas PGRI Madiun, Madiun, Indonesia  

*Corresponding author: ihtiari.prastya@unipma.ac.id 

Abstract. The purpose of this study is to reveal students' conceptions of Ohm law. This study 

uses a qualitative method. The sample used consisted of students who took courses related to 

current and electrical resistance. That is the second semester (11 students), four semesters (13 

students) and four semesters (17 students) in the electrical engineering education program at the 

Universitas PGRI Madiun. Data is collected by giving essay and interview questions. From the 

results of the study, it can be concluded that students who have majored in electricity have not 

yet 100% understood the concept of Ohm’s law. The results of the analysis show that the wrong 

conception will arise because students do not understand the language of physics in relation to 

electro properly. 

1.  Introduction 

Research that discusses student misconception has been carried out both in the field of science and in 

other fields. Dede Kurniawan and Tri Mayanti conducted a study to analyze student understanding of 

the concept of dynamic electricity and the results obtained stated that the majority of students still 

experience misconceptions regarding electric current [1]. Besides that Bilal and Erol also conduct 

research where students have some common misconceptions in electrical concept [2] for example in the 

concept of direct current electric circuits [3], open circuits [4] and understanding of the concepts of 
voltage and potential difference [5].  

The existence of misconceptions in certain chapters cannot be separated from the role of educators 

and students. For example in mathematical learning, a mathematical way or process that is fast and 
focused on results turns out to hinder the progress of students' understanding of the real object whose 

future relationship is related to financial intelligence [6]. A misconception can be reduced if the way of 

educating and learning is appropriate [7]. In this case, several studies conclude that the acquisition of a 

basic concept that can reach the given field of knowledge must take into account students and scientific 

representation [8]. 

Physics-related research has been widely published [9,10,11]. One of them is related to the concept 

of physics. Research related to the concept of physics is very necessary to do, and in the future, it is 

expected to reduce misconceptions. This is because at this time in a learning process there are several 

concepts that are only based on intuition, which are different from scientific views which will lead to 
misconceptions [12]. 

The physics learning process has many fields, one of which is electricity. Most physics teachers who 

explain about electricity will begin the explanation by an understanding of electric current, electric 
circuits, Ohm's law, Kirchoff's law, which is continued by giving examples of problem-solving and 

ultimately evaluation. Based on the research that has been done, from several fields of electricity found 

that students will find abstract concepts that are difficult to understand when learning about Ohm's law. 
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There are many models and methods that can be used to learn about Ohm's law, but none of them are 

able to explain the concept of Ohm's law in detail and complete. 

Several studies have been carried out relating to the conception of Ohm's law. In 1992 the study of 
the concept of electricity got the result that most students experience continuous concept difficulties in 

terms of simple electrical circuit analysis such as the student's inability to apply the concept of the 

relationship between current, voltage and resistance [13]. Other researchers found that some students 

had difficulty in demonstrating an electrical circuit system, furthermore if the electrical circuit was 

changed. This shows that the cognitive level possessed by students still reaches a low level. Where in 

the future will have quite serious effects related to the sustainability of learning in the classroom. Not 

only limited to the law, but also to science learning in general [14]. In 2016 research on how students 

learn about Ohm's law through traditional approaches and problem based learning approaches [11]. 

Research on students conception and perception of simple electrical circuits was also conducted to 

determine the extent of students' misconceptions about electrical circuits. From this study, it was stated 
that the conceptual test and presentation in various forms (multi-representation) can also be done to 

improve understanding of concepts [15]. The 2018 study of Ohm's law discusses that fan computers are 

well used for qualitative exploration of Ohm's law and simple electrical circuits using the effective 

resistance of each fan [16]. 

Some of these studies show that understanding of a concept is needed in the sustainability of the 

learning process. The concept possessed by the student will later have an influence in terms of 

understanding what he sees [17]. Five things that led to the concept of science are very difficult to learn 

first is the concept of science is an abstract concept, has a complex system, experience/student's 

previously had limited knowledge, lack of understanding of the finite symbol, and the occurrence of 
misconceptions in the study [18]. 

2.  Method 

The method used in this research is the descriptive qualitative method by taking a random sample from 
second-semester students, semester IV and semester VI at the University of PGRI Madiun who are 

dealing with subjects related to physics and electrical circuits. Data was collected using several tests on 

a conceptual theory about Ohm's law combined with an explanation of the answer. After the data 
regarding student conception was obtained, followed by the treatment which aimed to reduce student 

misconceptions about Ohm's law concept. 

3.  Result and Discussion 

Ohm's Law was born from the results of a laboratory experiment conducted by George Simon Ohm 

where he discovered the relationship between current and voltage. The relationship between current and 

voltage can be derived from the charge conduction equation. This equation is analogous to the thermal 
conduction equation, as shown in equations 1 and 2, 

 

 
dx

dV
A

dt

dq
s=         (1) 

 

 
dx

dT
kA

dt

dq
=         (2) 

 
Equation 1 is the equation of thermal conduction equation, the rate of energy flow dQ / dt (in SI units 

of joules per second) is due to a temperature gradient of dT / dx in a material of thermal conductivity k. 

State analogous rules with regard to the direction of the current change in temperature [19].Equation 1 
is an initial equation that can be used to reduce Ohm's Law equation. From equation 1, dx is a long 

element that represents the conductor path traversed by the charge. By using the relation  
r

s
1

= so, 

equation 1 can be written with: 
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dV
A

dt

dq

r

1
=         (3) 

 

If the two sides are integrated, then we can find equation (4) 

 x

V
A

t

q

r

1
=         (4) 

 

Because x in the equation (4) indicates the length of the conductor path traversed by the charge, it can 

be denoted by l. By change x into l, so the equation 4 becomes: 
 

 l

V
A

t

q

r

1
=         (5) 

 

Remember that
t

q
I = and

A

l
R r= so, equation 4 can be denoted: 

 R

V
I =          (6) 

 
Ohm's Law is very simple but only applies to the homogeneous material or linear elements. This 

relationship to Ohm law only applies to metal conductors, but it does not apply to other materials such 

as diodes, vacuum tubes, transistors, etc. 
The focus of this study refers to equation 6. The tests on the concept of Ohm's law are applied to 

students who take courses related to electricity. This test model is conducted to find out where the 

students' understanding of the concept of Ohm's law before being given further learning and analysis of 

Ohm's law application with strong current electro devices. Conceptual tests carried out include the 

definition of currents, the relationship between currents, barriers, and stresses in Ohm's law, as well as 

several factors that influence Ohm's law series. The results obtained about this study regarding student 

conception of Ohm's law are shown in Table 1. 

Table 1 shows a comparison of the correct concepts and wrong concepts and conceptions of students. 

From the table, it can be seen that students still experience misconceptions related to the concepts of 
currents, resistance, and differences between voltages and potential differences. Misconceptions about 

the basics of electricity will greatly influence the subsequent learning process. This is because the future 

learning process will increasingly discuss the concepts of electricity. With the existence of several 
correct learning processes, it is hoped that it can reduce misconceptions in students, especially in relation 

to the concepts of electricity. 
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Table 1. Profile of students conception of Ohm’s Law 

Correct Concept Incorrect Concept Student Conception 

Current is the rate at which charge flows 

past a point on a circuit. Currents in a 

circuit can be interpreted as the amount 
of charge Q that passes through the wire 

trajectory over time t. 

t

Q
I

D
=    

  

Electric current appears 

due to the potential 

difference found in the 
voltage source, and the 

size of the current depends 

on the resistance and 

voltage. 

 

Electric current is an 

electron that flows because 

of a potential difference. 
Electrons will flow to a high 

potential difference towards 

a lower potential difference. 

 

The value of resistance in an electrical 

circuit is not affected by current and 

voltage but by the length of the 

conductor, the cross-sectional area and 

the type of conductor 

A

l
R r=    

The size of the electrical 

resistance is affected by 

the size of the voltage and 

electric current in the 

circuit. 

I

V
R =   

  

Based on the equation of the 

ohm law 
I

V
R = , so in an 

open circuit no current will 

appear, because the voltage 

is equal to zero, then the 

resistance is automatically 

zero. 

 
a. The value of electric current in a 

circuit depends on the magnitude of 

the potential difference. 
b. There is a difference between voltage 

and potential difference, namely in 

terms of placement. The potential 

difference is a change in the potential 

energy of the system divided by

q

u
V

D
=D the test charge. While the 

voltage is a unit of potential 

difference. A Voltage which is a 

measure of electric potential 

difference is the cause of electrical 

current to flow in a closed circuit [20]. 

 

a. The value of electric 

current that flows is 

proportional to the 
magnitude of the 

voltage. 

b. In learning electricity 

the potential and 

voltage differences are 

considered the same. 

 

The value of electric current 

that flows is proportional to 

the magnitude of the 
potential difference or 

voltage. With the 

assumption that the potential 

or voltage difference is 

considered the same. 

 

Data in Table 2 shows the percentage of understanding student concepts related to Ohm's Law. On 

the third concept of voltage and potential difference, there are 0.0% of students do not have the correct 

concept, meaning that all students have the wrong concept of voltage and potential difference. This 

shows that previously the explanation of the concept of stress and a potential difference is considered 
the same. Voltage is a unit of potential difference, while the potential difference is a change in potential 

energy from a system that works on a particular charge. 
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Table 2. Percentage of student conception 

Conception 
Semester 

II IV VI 

Currents in a circuit can be interpreted as the amount of charge Q that passes through the wire 
cross over time t. 

no conception 

incorrect conception 
correct conception 

54.5 

36.5 
9.1 

53.8 

30.8 
15.4 

47.1 

35.3 
17.6 

Factors that influence the amount of electrical resistance    

no conception 

incorrect conception 

correct conception 

45.5 

36.4 

18.2 

46.2 

38.5 

15.4 

41.2 

35.3 

23.5 

There is a difference between potential and voltage differences    

no conception 

incorrect conception 

correct conception 

63.6 

27.3 

0.0 

61.5 

30.8 

7.7 

58.8 

29.4 

11.8 

 

Based on the results of research on student conception of Ohm's law, it is necessary to carry out 
further research to reduce the misconceptions that exist in the student. Thus in the future, the learning 

process will be able to proceed better, where students will truly understand the concepts of electric 

circuits. Student conception of Ohm's law was tried to be improved through the process of learning 

project-based learning models assisted by various electronic KITs. The results obtained are related to 

the three concepts that have been stated in Table 1, shown in Table 3 

 

Table 3. Percentage of reduction of student conception before and after treatment 

Correct Concept 

Semester 

II IV VI 
Before After Before After Before After 

t

Q
I

D
=    90.9 27.3 84.6 23.1 82.4 23.5 

A

l
R r=    81.8 36.4 84.6 30.8 76.5 23.5 

The differences of potential difference and 

voltage.  
100.0 45.5 92.3 38.5 88.2 35.5  

 

The percentage in Table 3 shows that after treatment the student misconceptions decreased. From 

the original majority of students experiencing misconceptions or not understanding the concept at all 

has decreased in number. Treatment is carried out using a project-based learning model. The students 

must analyze Ohm's law equation, which of the currents, voltages, and obstacles is a fixed and moving 
variable. The final results obtained by student understanding of Ohm's law conception have increased. 

4.  Conclusion 

The student must really understand the concept of electrical physics before going further in learning. 
The learning project-based learning model is absolutely necessary to reduce incorrect conception. By 

applying this model assisted by KIT Electronics, the understanding of student concepts regarding Ohm's 

law has increased. This is certainly very helpful in the continuation of the next learning process. 
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