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국문초록

이 연구는 전하 이동을 강조한 튜토리얼을 통하여 초등 교사의 전기 개념 변화를 분석하고, 초등 교

사 교육을 위한 시사점을 얻는데 있다. 튜토리얼은 사전검사, 워크시트, 사후검사로 구성되었고, 내용은 

두 개의 대범주인 정전기 영역과 전류 영역으로 이루어졌다. 현직 초등 교사 68명에게 튜토리얼을 적용

하고 선택형 질문지, 사전 검사, 사후 검사, 워크 시트, 튜토리얼 과정 녹화 전사본 및 면담을 통하여 

초등 교사의 전기 개념 변화를 분석하였다. 연구 결과, 교사들은 도체와 부도체의 전기적 특성에 대해 

이해하게 되었는데, 마찰과 유도, 접촉에서 전하들의 움직임을 고려하고 설명할 수 있게 되었다. 그러므

로 대전과 전류를 혼동하는 어려움이 해소되었다. 열린 회로에서는 전압을 전하가 받는 힘을 고려하여 

이해할 수 있게 되었고, 축전기를 통해 일시적 전하의 이동을 설명할 수 있었다. 이것은 전압이 전류의 

결과라는 오개념을 과학적 개념으로 바꾸는데 중요한 역할을 하였다. 닫힌 회로에서는 전구 양단에 쌓

이는 전하들의 분포를 강조함으로써 회로에서 전류가 소모되지 않고 일정함을 이해하게 되었고, 직렬

과 병렬에서도 각 회로에서 전구 양단의 전하들의 분포를 고려함으로써 회로에 따라 전지의 역할이 달

라짐을 이해할 수 있게 되었다.
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I. INTRODUCTION

The concept of electrical current is taught repea-
tedly at all levels of education, from general science 
classes in elementary school to university physics courses. 
However, there is a lack of uniform understanding of 
electrical current among students, and many students 
have misconceptions (Clement, 1993; Millar & Beh, 
1993; Osborne & Freyberg, 1985; Shipston et al., 1988; 
Wallace & Chasteen, 2010). Previous studies have 
analyzed student misconceptions and sought to address 
the lack of understanding of the concept of current 
through pedagogical approaches. Notably, pre-service 

teachers have similar misconceptions about electrical 
current (Cosgrove, 1995; Guisasola et al., 2010; Heller 
& Finley, 1992; Mullhall et al., 2001; Stocklmayer & 
Treagust, 1996). To address this problem, new approaches 
and methods are needed to promote educators’ concep-
tual understanding of this key physical concept.  

The typical curriculum of electricity in physics cour-
ses begins with charges, and the definitions of a charge, 
electric field created by charges, electrical potential 
created by charges, Gauss’ law, capacitance, etc follow. 
All conceptions that are taught revolve around charges, 
before teaching the concepts pertaining to current and 
then circuit (Halliday & Resnick, 1986). These facts 
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suggest that emphasizing charges and their interaction 
is crucial for understanding currents. 

How do elementary school teachers presently learn 
about current? Notwithstanding small changes, the esta-
blished curriculum begins teaching electricity in 7th or 
8th grade with the topic of electrostatics. Students should 
have been introduced to electrostatics to solidify their 
concept of charges, which is then used to understand 
the concept of currents. However, students do not reach 
full conceptualizations of electrical currents because 
they tend to understand these two concepts indepen-
dently. This results in failed association between ex-
perimentation of electrostatics and observation of re-
lated phenomena (Kim, 2009), as well as unsuccessful 
understanding of the interactions between electrons in 
a simple circuit (Chabay & Sherwood, 2002). In prior 
research, it was reported that pre-service elementary 
school teachers complained of a lack of basic know-
ledge and concepts and an inability to respond to un-
expected student questions. They had insufficient basic 
conceptual understanding of electricity and magnetism, 
and lacked confidence in related scientific knowledge 
(Lee & Kim, 2009a).       

How then can their persistent misconceptions about 
electricity be changed to form a solid scientific con-
ception? The Tutorials in Introductory Physics (McDer-
mott et al., 2002) is one example of an alternative 
method for instruction. Tutorials target students’ con-
ceptual difficulties. If tutorials do indeed help students 
deal specifically with the concepts that continually foil 
them in normal classes (Shaffer et al., 1992), then they 
should also assist elementary school teachers to un-
derstand the concept of electrical current. Hence, via-
ble means of improving elementary school teachers un-
derstanding of electrical current would be contents em-
phasizing the interaction of charges through the usage 
of tutorials. In the present study we have developed a 
tutorial to effectively change misconceptions of in- 
service teachers. We refer to it simply as ‘Tutorial’ from 
the University of Washington for above purpose even 
though it does not include homework. This paper 
describes the details of the tutorial and implementation 
for in-service teachers. In particular, we aim at im-

proving teachers’ performance by implementing the 
tutorial and present both quantitative data, based on tea-
chers’ written responses to conceptual questions, and 
qualitative data, based on interviews with teachers.

This paper is organized as follows. In Section Ⅱ
we briefly address the methods of investigation and 
present a description of the data collection and ana-
lysis. In Section Ⅲ we describe the program for in- 
service teachers that are implemented. The impact of 
the program was examined during the implementation. 
Section Ⅳ includes our conclusion and implications 
for instruction and future studies.

II. METHODS OF INVESTIGATION

AND DATA ANALYSIS

The purpose of this study was to develop a tutorial 
emphasizing movement of charges, and to analyze the 
changes in teachers’ conceptualization upon implemen-
tation of the tutorial. We conducted preliminary re-
search to determine elementary teachers’ specific diffi-
culties and misconceptions about electrical currents. 
Previous studies focused on the elementary students’ 
difficulties with electricity, but few studies examined 
elementary teachers’ conceptual understanding. We iden-
tified difficulties facing elementary school teachers and 
misconceptions. In the following results from prelimi-
nary research data we developed tutorial and imple-
mented for in-service teachers. Fig. 1 shows the pro-
cedure of this study. 

This section describes data collection and analysis 
(“Development of tutorial” and “Implementing tuto-
rial”) components of this study.  

1. Development of Tutorial

Elementary school teachers teach the concept of 
electrical current in fourth and fifth grade in the Korea 
national curriculum. We requested teachers to notate 
the difficulties encountered while teaching these courses. 
73 elementary teachers were selected to participate in 
a preliminary study. There were 13 questions in this 
part. One question allowed for a free description of the 
difficulties teachers experience teaching about electrical
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        Fig. 1. Research procedure.

current and the remaining 12 questions are related to 
a concept test about electricity. Only one question 
given from our previous research (Hong et al., 2009) 
and another one question from McDermott’s (McDer-
mott et al., 2002). We analyzed teachers’ conceptions 
and modified existing curriculum for teachers. After 
making decision of large and small categories in tu-
torial, we developed small scale laboratory and ac-
tivity for each category. Tutorial has been examined 
by physicists and physics educators. Fig. 2 shows the 
procedure for developing the tutorial. 

2. Observed Teachers’ Activities

In the study there were 68 in-service teachers from

Fig. 2. Procedure for developing tutorial.

60 different elementary schools in various regions in 
Korea. Their age ranged their age between 26 to 51 
years old and experience in teaching from 3 to 26 
years (see Table 1). 

The tutorial was implemented as a workshop within 
a training program for in-service teachers. First, tea-
chers were asked multiple-choice questions about elec-
tricity before the tutorial. We analyzed teachers’ res-
ponses to the multiple-choice questions and all acti-
vities of the tutorial were also recorded. The recorded 
conversations were analyzed to assess the reasoning 
and arguments used by the teachers. The study was 
focused on assessing the contribution of the tutorial to 
change participating teachers’ understanding of elec-
trical current. Multiple-choice questions were therefore 
posed to teachers after the tutorial again. All 8 mul-
tiple-choice questions are taken from DIRECT and 
ECCE (Engelhardt & Beichner, 1997; Thornton & So-
koloff, 2001). Although these questions do not directly 
inquire about the movement of charges, it was believed 
that this concept test was developed to determine tea-

Table 1. Information of attendees’ teaching career(N=68) 

Teaching experiences (year)

1～5 6～10 11～15 16～20 More than 21

Male  1  7 7 3 1

Female 15 28 2 3 1

Total 16 35 9 6 2 
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chers’ ideas about electricity. To the obtained data can 
thus provide information for an objective comparison 
and analysis of the teachers’ understanding of the 
concepts before and after the tutorial. The multi-
ple-choice questions are given in the appendix. 

III. ANALYSIS AND RESULTS

1. Result from Preliminary Study

In the preliminary study, 73 elementary teachers de-
scribed difficulties experienced with teaching concepts 
related to electricity in their classroom. The most 
frequent response was a challenge in dealing with a 
lack of basic knowledge in teaching electricity and 
related courses. They stated that it was difficult to 
answer students’ questions because they did not un-
derstand the scientific concept. Also, teachers acknow-
ledged that they were able to answer textbook ques-
tions but did not necessarily know the reasoning be-
hind them. Thus, the teachers resorted to teaching 
students to memorize facts.

Textbooks state that when connecting a material to 
a circuit, the material is considered conductive if the 
bulb lights up, and insular if the bulb does not light 
up. Since this concept is commonly explored in ele-
mentary school, and is a crucial first step for students 
to learn about conductors and insulators, it is important 
for teachers to correctly conceive this concept. A fa-
miliar experiment is to connect fur and plastic plate to 
a circuit before and after rubbing them, in order to 
learn about conductors and insulators(Fig. 3). Only 
29% teachers responded that the circuit tester will not 

Fig. 3. Preliminary study question(conductor and insulator).

light up before or after rubbing the insular materials. 
However, while some teachers had valid scientific 
reasons, others held the misconception that there needs 
to be electromagnetic induction or an anode or cathode 
in order for current to flow. 27 teachers responded that 
there is no light before friction but there is light after 
friction. A common justification was that friction made 
an insulator into a conductor, while others mentioned 
electron transport and electric power. Fourth grade 
textbooks demonstrate the connection of various mate-
rials to the circuit but do not mention the effects of 
charged insulators. Although the teachers understood 
that plastic and fur are insulators, the responses that 
these materials become conductors, through rubbing, as 
well as other forms of reasoning behind their answers, 
show that they do not have correct conceptual under-
standing regarding conductors and insulators. In parti-
cular, they are confused between “charged” and “con-
ductive”. Charged insulators are not conductive.

Another question involved voltage in a closed cir-
cuit with a battery and light bulbs(Fig. 4).

The teachers were instructed to write down the 
voltage at each connection and their reasoning. These 
voltage questions may be unfamiliar to elementary 
school teachers, but elementary textbooks contain des-
criptions and explanations regarding appropriate batte-
ries to use for each bulb. Additionally, teachers are 
asked what happens when a bulb is attached to a 
battery with unsuitable voltage; hence, it is important 
to explore the educators’ concept of voltage. For a 
closed circuit, the majority (33 teachers) answered that 
the circuit and both ends of the battery and the bulb 
have 10V because the current is the same in all parts 
of a series. 

As seen in previous studies, elementary instructors 
believed that current is the highest priority in learning 
about circuits, and many responded that the current is 

Fig. 4. Preliminary study question(voltage in closed circuit).
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constant in a circuit regardless of loads. The battery is 
most frequently discussed in the fourth grade elec-
tricity unit, but teachers were found to have insuffi-
cient knowledge about voltaic batteries. This lack of a 
basic conceptual understanding hinders their ability to 
teach about serial and parallel circuitry, and hence they 
rely on memorization to convey the knowledge. 

2. Designing the Lessons

The movement of charges is emphasized by a tu-
torial that is made up of two major categories, cove-
ring the electrostatic and the current. The tutorial deals 
with the electrostatic charge which is an existing 
component of the curriculum. However, because the 
curriculum does not consider the movement of char-
ges, it requires a revised tutorial that complements the 
perspective of the movement of charges. In develop-
ment and application of teaching materials for changes 
in concepts about voltage and electric grounding in 
teaching and learning resources using open circuits and 
grounding, students have difficulties in distinguishing 
between open circuits and closed circuits, resulting in 
a tendency to use Ohm’s Law in an open circuit, 
according to Lee & Kim(2009b). Because an open cir-
cuit does not contain any movement of charges, it can 
be referred to as an electrostatic situation, and this 
fails to properly apply the concepts of electrostatics. 
Many students could not differentiate between an elec-
trostatic situation and a static current situation, and 
they were not aware of the fact that conductors ca-
rrying current remain at a neutral state corresponding 
with the state before current flowed. In order to 
understand a situation where there is no constant flow 
of current, such as in a case very similar to the phe-
nomenon of electrostatic induction, we suggest that 
considering the electric force between charges facilitate 
learning. Therefore, there is a need for a concept that 
would serve as a bridge from the electrostatic to cu-
rrent. From the two previous studies cited above, it 
was decided that an open circuit would be introduced 
as a bridging concept that would link electrostatic and 
current as shown below(Fig. 5), and the concept of 
transient current used be in this study.

Fig. 5. Role bridging transient current between electrostatic 
and steady current.

Electrostatic, which is a major category, was divi-
ded into two minor categories for the formation of the 
concept of transient current. The first minor category 
is conductors and insulators. The second minor cate-
gory enabled the understanding of the concept of 
transient current by selecting the learning content re-
lated to open circuits. The study of current, which is 
also a major category, was also constructed by being 
divided into two minor categories(see Fig. 6). Given 
the salient misconception identified in a previous study 
that current will be consumed from the electric bulb, 
understanding current through the force between charges 
in a closed circuit was determined to be a crucial 
point. This is because we can proceed to the serial 
connection and parallel connection of the bulb only 
after strengthening this concept. A pre-test was con-
ducted for each of the major categories of the electro-
static section and current section before entering them, 
and a post-test was conducted at the end of the major 
category.

3. How was the Movement of Charges Em-

phasized?

The overall experiment and activity of open circuit, 
which is the second category in the tutorial, is pre-
sented in Fig. 6 and is comprised of six experiments 
and activities. To bring an understanding of voltage by 
considering the force between charges we introduce 
the concept that net force acts on the charge whenever 
a charge is located in a voltage, where the potential 
difference between two points exists. This approach is 
quite useful because the teachers are accustomed to 
considering the voltage of a flow.

Teachers are asked whether voltage between two 
points of a metal ball is induced with opposite sign 
charges (see Fig. 7). Also, in the same situation, the 
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            Fig. 6.  Contents of developed tutorial.

second question is whether there is a net force on the 
electron located at the center of the ball. The situation 
for the third question is similar to that described in the 
previous problems, with the exception there is a charged 
insulator rod located near the metal ball. Contents of 
the questions are the same as those for voltage and net 
force. The teachers are asked about the forces at three 
different points of the inside ball. Teachers should 
write their reasoning for each response. In fact, the si-
tuation for the first two questions can be made from 
the situation with a charged insulator. After the metal 
ball is induced by the charged rod, if the rod suddenly 
is removed, the first situation can be produced experi-
mentally.

The previous situation is relatively easy to under-
stand as it is conventional and intuitive. However, the 
second situation presents many difficulties to teachers. 
When the negatively charged insulator is brought near

Fig. 7. Electric force in electrostatic induction.

the metal ball, the electrons inside the metal ball 
receive force and are pushed to the right side. Many 
electrons are initially driven, but there is a limit to this 
due to the repulsive force by electrons accumulated at 
the right side. Charges are very quickly redistributed in 
order for the force to be zero at all points inside the 
metal ball, which means there is no voltage or electric 
potential difference between any two points of the ball. 
As a result, the electrons inside the conductor no 
longer move. Thus, all points of the conductor reach 
to an equi-potential state when the conductor reaches 
an electrostatic situation. Most students and teachers 
think there is a potential between A and B points be-
cause they only look at charges induced at the sur-
face. Because the charges are opposite, it resembles a 
battery. They are not thinking about the impact of the 
negative charges of the charged insulator. This content 
was included in the tutorial, which emphasized the 
movement of charges. 

The content of the tutorial that facilitates the under-
standing of the distribution of charges and entails 
measurement of the voltage in an open circuit is illus-
trated (Fig. 8). First, after predicting the voltage bet-
ween points in the open circuit, a voltmeter is used. 
For explaining the reason for the measured voltage, the 
distribution of charges must be used. We also asked 
the teachers to explain the reason for points where the 
voltage was 0, by making a connection with the distri-
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Fig. 8. Measurement of the voltage in open circuit

bution of charges.
Through the results of a preliminary study, we found 

that many teachers thought the voltage was 0 between 
all points because current does not flow if the middle 
portion of the circuit is disconnected. Through this 
approach, we were able to succeed in changing their 
misconceptions into scientific conceptions. Also, vol-
tage is introduced as a kind of force acting on the 
charge, which is an important part of the tutorial. This 
plays a crucial role in breaking the ongoing miscon-
ceptions that the ultimate result of current is voltage. 
Teachers used to think that voltage is generated by 
current. They are confused between cause and effect. 
Voltage is cause and current is result when the wire 
is connected to two points with electric potential di-
fference. 

The tutorial contents are offered in the figure, indi-
cating it is a battery that makes electrons continuously 
move in a circuit. Connect two electroscopes with 
copper wire and bring an electrified nonconductor clo-
ser to one electroscope. Observe the movement of the 
metal foils at both sides and eliminate the copper wire 
in the middle. Finally, conduct a test by removing the 
electrically charged nonconductor. Observe the move-
ments of each metal foil for the two electroscopes, 
under each situation and explain the movement of the 
charges.

If an electrified nonconductor is brought near elec-
troscope A, negative charges would tend to situate at 
a location farthest from the nonconductor. When the 
two electroscopes are connected with a copper wire, 
they can be regarded as a single metal. Some negative 
charges may move to the metal foil of electroscope A 
but most will move to electroscope B. Thus, appro-

aching the electrified nonconductor, the metal foils of 
both electroscope A and B will become open. At this 
time, if the copper wire is removed, the two electro-
scopes will be separated and there will be no move-
ment of charges between the two electroscopes. Fi-
nally, if the electrically charged nonconductor close to 
electroscope A is eliminated, the metal foil of electro-
scope A will close and then open again. The metal foil 
of electroscope A has a portion of negative charges. 
However, it does not rise until the electrified noncon-
ductor is removed. It then rises when the electrified 
nonconductor is eliminated, and accordingly appears to 
shrink. However, electroscope A has positive charges 
due to insufficient negative charges. This is verified by 
the phenomenon that the foil shrinks when the elec-
trified nonconductor is eliminated and then expands 
again. In the end, electroscope A is electrified with 
positive charges and electroscope B with negative 
charges. This can be confirmed by placing the copper 
wire between the two electroscopes. When two electro-
scopes are linked with the copper wire, the metal foils 
of both electroscopes close, thus becoming neutral. At 
this time, a question should be postulated, asking how 
to cause continuous movement of charges between the 
two electroscopes. It is indicated that a battery is re-
quired to make charges move continuously. The role 
of charges can then be understandable from the pers-
pective of the battery. In conclusion, the tutorial con-
tents are organized in a way to provide insight to the 
role of the battery by emphasizing the movement of 
charges, which is the most critical in understanding the 
role of the battery, by using two electroscopes (Fig. 9) 
(Hong et al., 2009). 

4. What Kinds of Changes were observed

in Teachers within the Process of Applying the

Tutorial?

1) Thoughts about the Conductor and Insu-

lator

Fig. 10 shows pre-test question about conductor and 
insulator in developed tutorial. Only 36.5% of the tea-
chers gave a correct response. Even the teachers, who 
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Fig. 9. Understanding the role of the battery from charge mo-
vement.

Fig. 10. Pre-test question from [Electrostatics].

provided the correct answers, gave incorrect reasons. 
This is because of the electrical energy that is gene-
rated by friction. The reason for this is that active 
electrons move freely in metals, but electrons spread 
as they do in plastic (as insulators), etc. There are 
some misconceptions about the atomic model. In order 
to correct such misconceptions by replacing them with 
scientific conceptions, the process of the tutorial in-
cludes the following experiment (Fig. 11) (Hong et al.,

Fig. 11. Charge movement in case of induction and contact.

2009). The experiment was executed to observe the 
movement of charges under the context where the me-
tal ball is being inducted and contacted by the charged 
insulator. In this drawing, as a part of a worksheet, we 
had the participant draw electrons at the moment of 
contact. 

The following is a conversation between teachers 
during the tutorial process.

T1: (As the stick approaches the ball) the plus 

charge is in the condition of being induced. 

While on the opposite side, the -charge is in 

the condition of being induced, and was con-

tact made. Therefore, the -charge jumped from 

the ebonite to the ball.

T2:  I thought the charge moving towards the ball 

from the ebonite. Since minus charge is arranged 

towards the ball where the bar touched and 

there is still a lot of -charge in the bar, it is 

the same sign, so it pushes…

We were able to confirm that teachers had an in-
creasingly concrete perspective that the metal ball is a 
conductor, and that the ebonite rod is an insulator even 
though they are charged. The rate of a correct answers 
obtained in a reexamination of the pre-test question (in 
Fig. 10) after the tutorial is 91%. Also, teachers were 
worried about the phrase ‘after a while’ in the question 
because of the consideration of the time until the 
inside of the metal became neutral. We can see that 
they thought much more deeply than what the question 
was actually asking, which was about the movement of 
charges in the conductor and the interaction of charges.

2) The Belief That the Cause of Voltage is 

the Current

31 teachers responded as all 0v in pre-test (Fig. 12), 
while describing the reason as, ‘current is not flowing 
because of a disconnection’ and ‘a potential difference 
doesn’t originate if the circuit is not connected.’ As in 
the results of pre-test, it has been confirmed that there 
is a typical misconception of considering voltage as 
the result of current.

In order to correct this misconception, the tutorial 
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Fig. 12. Pre-test question [Electrostatics].

included contents such as experience using a circuit 
connecting capacitors, batteries, and light bulbs, along 
with measurement and explanation of the voltage in an 
open circuit, which is introduced in the Mcdermott’s 
introductory physics tutorial (McDermott et al., 2002). 
We added a simple context as below (Fig. 13) and 
wanted make teachers can explain the charging of a 
capacitor.

Since the experiment using a capacitor was not very 
familiar, the elementary school teacher initially felt 
somewhat confused. However, as the experiment prog-
ressed, gradual changes in the teachers’ conceptuali-
zation were observed. The teachers, who answered in 
the pre-test that there is not any voltage because cu-
rrent does not flow, were able to consider the distribu-
tion of charges by verifying the results of the experi-
ment shown in the drawing. They were then able to 
connect this situation and the capacitor. During the 
application process of the tutorial, the teachers’ dia-
logue was as follows.

T1: If both ends of the electrodes are at this 

point, the charges are in the state of being 

distributed as (+)charges in the positive side 

of the battery and ()charges at the negative 
side of the battery, aren’t they? Then, the 
negative side of the wire should have a 

distribution of ()charges as well, right?   
T2: If voltage is being measured from the broken 

parts, then… the capacitor is also the same 

Fig. 13. Explaining the charging of a capacitor.

way. Can this possibly be the same as the 

capacitors?

After finishing the tutorial, the correct answers in a 
re-examination of the pre-test increased from 4% to 
87%.

The first thing the teachers mentioned about lighting 
up the bulb in the circuit is the current. As shown in 
the results of previous research (Pollock, 2009), they 
had a tendency to consider current as the main concept 
of the circuit analysis. However, after the tutorial, the 
respondents were able to explain the concept of vol-
tage as the interaction of charges as well. From the 
tutorial emphasizing the movement of charges, the mis-
conception of ‘current being the cause of voltage’ has 
been replaced with a scientific concept.

3) The Belief That Current is‘Used Up’in 

the Circuit

For the pre-test in Fig. 14, 28 percent of teachers 
answered that A is the brightest since there is only one 
light bulb in the circuit. This is the misconception of 
a ‘consumable model’ type in an electric circuit which 
leads to the belief that voltage is consumed when it 
passes though the light bulb. In order to correct this 
misconception, the tutorial involved the following in-
formation. In a closed circuit, after measuring the 
voltage between each point, we had the participants 
estimate and explain the results of the distribution of 
charges.

The following is an excerpt from a conversation 
with the teachers during the process of the tutorial. 

T1: Initially, I wonder if an electron disappears ma-

gically, but you know it is not possible. Why 

are the C and A parts equi-potential? There 

must be an electron passing through the light 

Fig. 14. Pre-test question [Electric current] originated from 
McDermott’s.
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bulb.... If there are charges remaining outside…

T2: Accelerated by the following () electrons con-
tinuously being pushed out… The number of 

electrons passing through each section is equal. 

The number of electrons constantly passes 

through with the same speed. (Because of the 

same potential difference)

T3: The electron has constant velocity motion at A 

and C. B and D take the force of the voltage 

and they speed up according to the amount of 

its force. Therefore, the current is the same 

everywhere. 

T4: At point B, the speed goes up since there are 

a small number of electrons that can pass 

through. 

T1 teacher describes the reason for the potential 
difference becoming ‘0(zero)’ at both ends of the wire 
as follows. ‘The idea of the charge being accumulated 
at each end of the light bulb came from understanding 
the potential difference being ‘0(zero)’ in the situation 
where charges are not being forced through the prior 
tutorial of the electrostatic area.’ This can be seen as 
the critical moment of correcting the typical miscon-
ception of the current being consumed at the circuit or 
being consumed while passing through the light bulb. 
When interpreting the current and voltage in the cir-
cuit, explaining it in terms of the movement of charge 
is an important solution to correct the constant mis-
conception of teachers. After finishing the tutorial, the 
correct answers in a re-examination of the pre-test 
increased from 15% to 93%.

4) The Belief That the Battery Exports Cons-

tant Current

The following question is a question that was asked 
in a preliminary study before the development of the 
tutorial (McDermott et al., 2002). It asks about the 
current flowing in the circuit, and about the brightness 
of the bulb when the brightness of the bulb and switch 
are closed in a case where the switch is open and the 
serial and parallel of the electric bulb are mixed in the 
circuit.

51% of the teachers responded that there is no 
change in the brightness of bulb A when closing the

Fig. 15. Preliminary study question.

switch. Among all the reasons, the most common res-
ponse was that ‘because there is no change in the cu-
rrent.’ The elementary school teachers have a miscon-
ception that ‘the battery exports a constant current 
regardless of connections of loads.’ We included the 
following information in order to correct these kinds of 
misconceptions. When questioned about the conception 
of the distribution of charges after measuring the vol-
tage in a serial connection of the electric bulb, teachers 
intentionally drew charges at contacting cross- sections 
of the wire and the resistor. Eventually these charges 
produce forces to move electrons inside the resistors. 
There is a strong tendency to draw half of the number 
of charges of the end of the two bulb ends in a serial 
connection. They drew the same number of charges 
because two electric bulbs are measured as having the 
same voltage as the battery in the parallel connection. 
In this part, the teachers start to conceive of the move-
ment of charges that pass the battery. The following is 
an excerpt from a teacher’s interview.

T1: The battery works selectively depending on 

how the circuit is arranged. The ability of the 

electrons to move in this way is similar to V, 

where it is slowly exported in a situation where 

depending on the case of the passing wire 

that can cause it to be delayed, and in the 

situation where it can move quickly (plenty) it 

moves fast (many).

Through the results from a battery-like voltage in 
two electric bulbs, it was explained that in a parallel 
connection, it becomes twice the amount of work that 
the battery does. Teachers were able to consider the 
movement of charges by connecting the works of the 
battery, and they were also able to explain that the 
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battery does different things depending on the circuit. 
It can be said that the tutorial played an important role 
in correcting the misconception that ‘the battery 
exports constant current.’ An example of the distribu-
tion of charges that teachers drew is presented in the 
Figs. 16 and 17.

5. Results of Answers to Multiple-choice

Questionnaire before and after Implementing

the Tutorial

After applying the tutorial, we observed the degree 
of changes of the teachers’ conceptualization by com-
paring the results of answers to an optional question-
naire before applying the tutorial(Fig. 18 and see the 
Appendix).

The question with the lowest rate of correct answer 
asks about the brightness of a bulb in a situation with 
a mixed circuit of the serial and parallel connection. 
The following is an excerpt from teachers’ interviews.

Q: Which point in this problem’s situation is di-
fficult?

T1: I think the battery will move the charges fas-

ter (more) if the switch is closed. But I wonder 

about the charges that are passing the B bulb…

Fig. 16. Diagrams drawn by teachers to show distribution of 
charges in series.

Fig. 17. Diagrams drawn by teachers to show distribution of 
charges in parallel.

      1    2     3   4     5    6     7    8

Fig. 18. Pre and Post Tutorial results for multiple choice 
questionnaires in Appendix.

T2: The movement of charges that pass the A and 

B bulbs when the switch is open will create a 

C bulb… I also think the movement of charges 

that pass A might become slower…

The explanation of the voltage that depends on each 
bulb through the distribution of charges in the single 
connection of serial and parallel circuits was under-
stood, but we can see that there was difficulty in ap-
plying this concept to a mixed circuit. There is a need 
to reinforce the content of the tutorial in order to apply 
it to a mixed circuit by consideration of the movement 
of charges in serial and parallel circuits.

Ⅳ. CONCLUSIONS AND

IMPLICATIONS FOR TEACHING

This study developed tutorials for elementary school 
teachers emphasizing the movement of charges. We 
attempted to fix persistent misconceptions that remained 
despite years of teaching experience. We obtained these 
conclusions after analyzing the changes in their con-
ceptualization of electricity.

When the educators understood the characteristics 
of conductors and insulators, they were able to explain 
friction, induction, and the movement of charges at 
contact points. This ended the confusion between elec-
tric charge and current. Though many teachers res-
ponded that there was no voltage while current did not 
flow in an open circuit, their understanding of voltage 
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and the movement of charges was enhanced through 
the tutorial. These tutorials played an important role in 
correcting the misconception that voltage is the same 
as current. By emphasizing the interaction of charges 
in a closed circuit, the teachers understood that current 
was not consumed but remained constant. Also, the 
tutorials corrected the misconception that the battery 
produces constant current in all situations; instead, the 
teachers began thinking in terms of the movement of 
charges through a battery in a series and a parallel circuit.

We bring up the following suggestions based on our 
experimental results and conclusions.

First, there will be implications from studying only 
one method in developing an elementary school edu-
cational curriculum. Physics education for elementary 
school teacher-in-training will differ from a secondary 
physics teachers’ curriculum. There is a need for a 
curriculum that emphasizes conceptual understanding, 
rather than practicing quantitative problem-solving. 
Therefore, we believe the tutorial suggested in this 
study will be useful for would-be elementary instruc-
tors in teaching electricity-related units in the elemen-
tary school situations. Second, our resultant tutorial 
can be used as a refresher material for re-educating 
current elementary educators. The tutorial emphasizing 
movement of charge was developed based on the 
difficulties that instructors face in teaching electricity- 
related units. Also, the tutorial covers detailed content 
focusing on addresses these difficulties; thus, we an-
ticipate that it will be valuable in retraining elementary 
teachers. We confirmed the enhanced conceptual un-
derstanding of the participating elementary teachers, 
and we foresee that teachers’ understanding will lead 
to improved students’ understanding as well. Third, fu-
ture study is needed to observe teachers who have a 
solid conceptual understanding of currents as a result 
of participating in tutorials focused on the movement 
of charges as well as the effects of their conceptual 
understanding in their teaching. 
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APPENDIX : MULTIPLE CHOICE QUESTIONNAIRES

1. What is the potential difference between points A and B?
1) 0V
2) 3V
3) 6V
4) 12V
5) None of the above

2. What happens to the brightness of bulbs A and B when the switch is closed?
1) A stays the same, B dims
2) A brighter, B dims
3) A and B increase
4) A and B decrease
5) A and B remain the same

※ Questions 3-4 refer to the circuit below.

3. Compare the current at A now to the current at A before with only one bulb (Battery is ideal and they have 
no internal resistance). 

1) The current at A is now twice as large as before
2) The current at A is now larger than before but not twice as large
3) The current at A is the same as before
4) The current at A is now half as large as before
5) The current at A is now smaller than before but not half as large

4. Compare the current through the bulb connected between B and C now to the current through it before when 
there was only one bulb. 

1) The current is larger than it was before
2) The current is the same as before
3) The current is smaller than it was before

※ Questions 5-6 refer to the circuit below.
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5. Compare the current at A now to the current at A with only one bulb (Battery is ideal and they have no 
internal resistance). 

1) The current at A is now twice as large as before
2) The current at A is now larger than before but not twice as large
3) The current at A is the same as before
4) The current at A is now half as large as before
5) The current at A is now smaller than before but not half as large

6. Compare the potential difference across the bulb, VBC, now to what it was before when there was only one 
bulb.

1) The potential difference is now twice as large as before
2) The potential difference is now larger than before but not twice as large
3) The potential difference is the same as before
4) The potential difference is now half as large as before
5) The potential difference is now smaller than before but not half as large

※ Questions 7-8 refer to the circuit below.

7. Which correctly describes what happens to the bulb when the switch is closed?
1) The bulb is dim and remains dim.
2) At first the bulb is dim and it gets brighter and brighter until its brightness levels off.
3) The bulb is bright and remains bright.
4) At first the bulb is bright and it gets dimmer and dimmer until it goes off.
5) None of these is correct.

8. Which correctly describes what happens after the switch has remained closed for a long time?
1) The bulb continues to shine brightly.
2) The bulb no longer shines.
3) The potential difference across the capacitor is steady and much smaller than ε.
4) The current in the circuit is steady and large.
5) None of these is correct.


