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Abstract—We discuss the alternative conceptions of students
analysing the behaviour of electrical circuits. The present paper aims
at, on one hand, studying the misconceptions of 80 elementary preservice teachers from Quebec in Canada, in relation to the current
source in DC circuits. To do this, they completed a two-choice
questionnaire (true or false) with justification. Data analysis identifies
many conceptual difficulties. For example, their majority considered
a battery as a source of constant current: When a circuit composed of
battery and resistors is modified, the current supplied by the battery
remains unchanged. On the other hand, considering the alternatives
conceptions identified we develop a two-tier test about source
current. The aim of this two-tier test is to help teachers to diagnose
rapidly their students’ misconceptions in order to consider in their
teaching.

Keywords—Two-tier diagnostic test, current source, pre-service
teachers, alternative conceptions after teaching, qualitative study.
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I. INTRODUCTION

INCE the advent of Piaget theory, much research has been
done about students’ conceptions about physical
phenomena, such as heat and temperature, light, force and
movement, gravity, electricity and electrostatic phenomena.
Most of these conceptions have been identified as erroneous
relatively to scientific conceptions [1]. In the area of basic
circuit theory, central theme of the present study, works
conducted with students from the secondary school to the
university, show that most conceptual difficulties stem from a
gap in the representations of the concepts of current and
voltage [2]-[11]. The erroneous models highlighted in this
research are: (1) the unipolar model: currents flows from the
battery to the bulb; (2) the clashing currents model: currents
flowing towards the light bulb from each battery terminal
collide and produce the observed phenomenon; (3) the
attenuation model: currents leaves the battery from one end, is
partly dissipated in the bulb, its unused portion returning to the
battery; (4) the sharing model: each of several components
receive and consume identical currents; and (5) the sequential
model whereby a modification of component can affect
current only downstream. In a synthesis study on the
sequential model, Shipstone [9] stated: “The importance of
this misconceptions (sequential model) is due both to its high
incidence in the middle years of secondary school and to its
persistence among able students who have specialized in
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physics: it was found, for example, in seven out of eighteen
graduate physicists and engineers who were training to be
physics teachers.” (p.305) Furthermore, the concept of voltage
seems to present serious conceptual difficulties as most
students explicitly or implicitly equate it with electrical
current. For that, some research develops constructivist
sequences relating to the teaching of electrical circuits and
helps the student to understand the concepts of current and
voltage [12]. However, despite a significant contribution from
this research, they are not used by most teachers [12], [13].
Several factors come into play, such as the training of teachers
in didactics, the constraints of the curriculum and the
textbooks used, which do not consider the conceptual
difficulties of the students, widely diffused in the review of the
international literature. In order to overcome some of these
difficulties, more and more researchers are developing twotier and three-tier diagnostic tests to elicit secondary and high
school students’ misconceptions about electrical circuits [14],
[15], optics [16], mechanics [17], [18], photosynthesis [19],
heat, temperature and internal energy [20], thermal physics
[21], static electricity [22], electrochemical cells [23], [24].
Note that these developments allow teachers to obtain quick
information on the conceptual understanding of their students
before and after teaching.
There are few two-tier conceptual tests on topics in
electrical circuits, so in this study, we developed a conceptual;
survey covering the distribution of the current in simple
circuits, called Electrical Diagnostic Test (EDT).
II. PURPOSE OF RESEARCH
This research has two objectives; firstly, we manage a
questionnaire to identify the elementary pre-service teachers’
alternative conceptions regarding the electrical current source
in DC circuits after teaching. Secondly, we develop a two-tier
Electrical Current Source Diagnostic Test.
A. Pre-Service Teachers’ Alternative Conception
1. Description of the Population
80 students (aged 19 to 23) participated in this study and
they are registered in the third year of university in the
Baccalaureate Program in Elementary Pre-service Teachers
which is of a length of four years. These students came from
the sector of human sciences and they all studied during their
secondary education as part of general physics course some
notions linked up with electrical circuits, such as series and
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parallel circuits. In their course of Didactics of Science and
Technology, they study the current distribution in series and

parallel circuits during two periods each lasting 3 hours.

TABLE I
QUESTIONNAIRE AFTER FORMAL TEACHING: CURRENT SOURCE MODEL IN DC CIRCUIT
Question # 1
In Fig. 1, bulb A shines normally, bulb B shines moderately, and bulb C does not shine. The total current is 0.6 A and the electric power of the battery is 12 W. In
your opinion, is the following statement true or false: If we open the switch and place an electrical wire across the bulb C as shown in Fig. 2 and we close the
switch, the electrical power delivered by the battery would be:
 Less than 12 W  Greater than 12 W  Equal to 12 W
A

Shines
normally

Shines

-

C

+ Electric
wire

Do not
shine

C

Fig. 1 Three bulbs are connected in series with a switch (close) and a battery
Fig. 2 Analysis of a short-circuited bulb in a series circuit
Question # 2
In Fig 3, the bulbs A and B have the same brightness. We connect an electrical resistance between these two bulbs as shown in Fig 4. If you turn off the switch,
the lighting of bulb A will not be affected while that of B will decrease:
 True  False
Explain your choice of answer:
A

A

resistance

-

+

+

B

B

-

Fig. 3 Two bulbs are connected in series and a battery

Fig. 4 Analysis of the current in a series circuit when a resistor is added
Question # 3
In the Fig. 5, the three bulbs A, B and C are identical, and they will light up if the switch is closed. The battery delivers a current of 0.9 A.

Fig. 5 Parallel Circuits
Indicate for each of the following diagrams (Fig. 6), if each bulb is passed by the indicated current:
A

A

IA = 0,6 A
B

IC = 0,3 A

IB = 0,3 A

‐

+

0,9 A

IC = 0,3 A

 Yes  No

 Yes  No
Explain your choice of answer:

Explain your choice of answer:

A

A
IA = 0,45 A

IB = 0,225 A

IA = 0,3 A

C

C

B
IB = 0,6 A

IC = 0,225 A

‐

+

+

0,9 A

IC = 0,6 A

‐

B

0,9 A

C

‐

IB = 0,3 A
0,9 A

IA = 0,3 A

C

B

+

 Yes  No

 Yes  No

Explain your choice of answer:

Explain your choice of answer:
A

IA = 0,45 A
B
IB = 0,45 A
+

0,9 A

C

IC = 0,45 A

‐
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+

B

A

B moderatly

 Yes  No
Explain your choice of answer:
Fig. 6 Analysis of current distribution in a parallel circuit
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TABLE II
TWO-TIER DIAGNOSTIC TEST
Question # 1
In Fig. 1, bulb A shines normally, bulb B shines moderately, and bulb C does not shine. The total current is 0.6 A and the electric power of the battery is 12 W. If
we open the switch and place an electrical wire across the bulb C as in Fig. 2 and we close the switch, the electrical power delivered by the battery would be:
 Less than 12 W  Greater than 12 W  Equal to 12 W
A

Shines
normally

Shines

-

C

+ Electric
wire

Do not
shine

C

Fig. 1 Three bulbs are connected in series with a switch (close) and a battery
Fig. 2 Analysis of a short-circuited bulb in a series circuit
Which of the following explanations justifies your answer?
 [Equal to 12 W] Shorted bulb C by placing a wire at its terminals will not change the electrical power since it did not already resist the flow of the current,
because it did not shine. While the intensity passes through a wire where the bulb is extinguished, there is no difference in resistance and no change in
electrical power.
 [Greater than 12 W] Since there will be less resistance because of the short circuit (the wire placed at the terminals of C), the intensity of the current will
increase in this circuit. Increasing the intensity of the current will increase the power, since the power depends on the voltage and current intensity (P = U.I).
 [Less than 12 W] By shorting the bulb C (electric wire placed at its terminals), we reduce the total resistance, so the battery does not need to provide as much
electric power.
 [Equal to 12 W] The formula for the power is: P = U.I = (UA + UB + UC). I.
If the bulb C is short-circuited (the wire placed at its terminals) then the voltage at its terminals is zero (UC = 0 V) as when it does not shine. So, there is no
change for the total power.
Question # 2
In the Fig. 3, the bulbs A and B have the same brightness. We connect an electrical resistance between these two bulbs (Fig. 4).
A

A

B

resistance

-

+

+

B

-

Fig. 3 Two bulbs are connected in series and a battery
Fig. 4 Analysis of the current in a series circuit when a resistor is added
If you turn off the switch, the lighting of bulb A will not be affected while that of B will decrease:
 True  False
Which of the following explanations justifies your answer?
 Bulb A will not be affected since the resistance is placed afterwards. Therefore, the electric current passing through bulb A will not be affected, but it will be
affected for bulb B.
 The electric resistance does not influence the brightness of the bulbs.
 The lighting of both bulbs will be affected since the amount of the current passing through the battery will decrease because of the electrical resistance.
 The brightness of the bulb B will decrease since the current comes from the (+) and that the electric resistance hinders the current.
A
Question # 3
In Fig. 5, the three bulbs A, B and C are identical, and they will light up if the
C
switch is closed. The battery delivers a current of 0.9 A.
B
Indicate for each of the following diagrams (Fig. 6), if it is true or false for each
bulb is passed by the indicated current:
‐

+

Fig. 5 Parallel Circuits
A

A

IA = 0,6 A
B

IC = 0,3 A

IB = 0,3 A

‐

+

0,9 A

 True  False

 True  False

C

B

IC = 0,225 A

IB = 0,6 A

‐

+

+

0,9 A

IA = 0,3 A
C

0,9 A

 True  False
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IC = 0,6 A

‐

IA = 0,45 A

IB = 0,225 A

IC = 0,3 A

A

A

B

C

‐

IB = 0,3 A
0,9 A

IA = 0,3 A

C

B

+
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+

B

A

B moderatly

 True  False
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A
IA = 0,45 A
B
IB = 0,45 A

IC = 0,45 A

‐

+

0,9 A

C
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 True  False
Fig. 6 Analysis of current distribution in a parallel circuit
Which of the following explanations justifies your choice of answer?
 In a parallel circuit, the current divides according to the needs of each branch. The branch composed of bulbs B and C will therefore receive more current.
Since B and C are connected in series, they are crossed by the same current.
 The battery will divide its current equally by the number of bulbs, the latter being identical.
 The 0.9 A divides when it arrives at the node. It will divide in two, because the voltage of each branch is equal to the total. So, in A, there will be 0.45 A and
in B and C, there will also be 0.45 A, because in series, the intensity remains the same.
 In this circuit in parallel, the current of 0.9 A divides. At the node, I will have 0.9 A to divide in two: A = 0.45 A; B and C = 0.22 A.
 In a parallel circuit, the total current is shared at the connections. In addition, the current will pass more easily to bulb A because there are fewer obstacles
(compared to the bulbs B and C). The current will be able to circulate more freely and will be of higher intensity.

2. Methodology
We proceed to elicit their alternative conceptions with
classical methods such as a paper-pencil questionnaire. We
have retained three questions with two choices (True or false),
and they had to justify their choice (see Table I). The stage of
justifications is important since it allows to be sure that the
choice of the student is not unpredictable and is founded on
conceptual reasoning. For that, the questions selected cannot
be solved by referring to formulas or techniques learned
mechanically.
3. Analysis of the Data of the Paper-Pencil Questionnaire:
Question 1
To analyze their answers, we grouped the responses into
categories that ranged from four to six, depending on the
question. The misconceptions identified are presented in the
two-tier diagnostic test developed below.
B. Development of the Two-Tier Diagnostic Test
For each question (Table I), we retained only four
categories, including the right answer category. Thus, we have
eliminated those that are not representative of all students,
such as the one grouping only 2 or 3 out of the 80 respondents
and those grouping the answers indecipherable, off-topic or
incomplete.
For each question, the student must assess the veracity of
the statement (true/false) and then choose from four categories
of answers which are confirmed with his initial choice of
solutions. Of the four response categories, one is right, and the
others are false (see Table II).
III. CONCLUSION
Aware of the limits inherent in a qualitative type of
research, our work allowed us to conclude that the pre-service
teachers construct erroneous conceptions of the current source
despite teaching. How, under, such conditions, the teachers
can help the students to make the changes to their
conceptualization necessary for the correct understanding of
the current from the power supply in DC circuits. For that,
researchers claimed that teachers must diagnose their students’
understanding before teaching to take this into account. The
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two-tier diagnostic test developed in the present research will
help teachers to identify their alternative conceptions about the
current source.
REFERENCES
[1]
[2]
[3]
[4]
[5]
[6]
[7]

[8]
[9]

[10]
[11]
[12]
[13]
[14]
[15]

348

Closset, J. L. (1983). Sequential reasoning in electricity. In Proceedings
of the International Workshop on Research in Physics Education, La
Londe les Maures. Paris: Editions du CNRS.
Cohen, R., Eylon, B. and Ganiel, U. (1983). Potential difference and
current in simple electric circuits. American Journal of Physics, 51 (5),
407-412.
Dupin, J.-J. and Johsua, S. (1987). Conceptions of French pupils
concerning electric circuits: Structure and evolution. Journal of
Research in Science Teaching, 24(9), 791-806.
Engelhardt, P. V., and Beichner, R. J. (2004). Students’ understanding
of direct current resistive electrical circuits. American Journal of
Physics, 72(1), 98-115.
Métioui, A., Brassard, C., Levasseur, J. and Lavoie, M. (1996).
International Journal of Science Education, 18(2), 193-212.
Métioui., and Levasseur, J. (2011). Analysis of the reasoning of pupils
on DC and the laws of Kirchhoff. RDST, No 3, 155-178.
McDermott, L. C., and 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.
Shipstone, D. (1988). Pupils’ understanding of simple electrical circuits.
Physics Education, 23, 92-96.
Métioui, A., and Trudel, L. (2015). The persistence of the alternative
conceptions: The case of the unipolar model (pp. 117-127). Proceeding
of the GIREP-MPTL 2014 International Conference, July 7-12,
University of Palermo, Italy: Teaching/Learning Physics: Integrating
Research into Practice, C. Fazio and R.M. Sperandeo Mineo (Eds.).
ISBN: 978-88-907460-7-9.
Tsai, C., Chen, H., Chou, C., and Lain, K. (2007). Current as the key
concept of Taiwanese students’ understandings of electric circuits.
International Journal of Science Education, 29(4), 483-496.
Benseghir, A., and Closset, J. L. (2004). The electrostaticselectrokinetics transition historical and educational difficulties.
International Journal of Science Education, 18 (2), 339-420.
Coppens, N. and Munier, V. (2005). Monitoring Student Progress in
Physics Using Double Multiple-Choice Questions. Didaskalia, 27,
41-64.
Basil Mugaga Naah, B. (2015). Enhancing Preservice Teachers'
Understanding of Students' Misconceptions in Learning Chemistry.
Journal of College Science Teaching, 45 (2), pp. 41-47.
Hildegard, U. (2017). Sequential Reasoning in Electricity: Developing
and Using a Three-Tier Multiple Choice Test, Scientia in educatione
(Special Issue), 285-292.
Peşman, H. and Eryilmaz, A. (2010). Development of a Three-Tier Test
to Assess Misconceptions about Simple Electric Circuits. The Journal of
Educational Research, 103, 208–222.

ISNI:0000000091950263

Open Science Index, Educational and Pedagogical Sciences Vol:13, No:3, 2019 waset.org/Publication/10010192

World Academy of Science, Engineering and Technology
International Journal of Educational and Pedagogical Sciences
Vol:13, No:3, 2019

[16] Chen, C. C., Lin, H. S., & Lin, M. L. (2002). Developing a two-tier
diagnostic instrument to assess high school students’ understanding-the
formation of images by a plan mirror. Proceedings of National Science
Council, 12(3), 106-121.
[17] Hestenes, D., and Wells, M. (1992). A mechanics baseline test, The
Physics Teacher, 30, 159-166.
[18] Coppens, N., Rebmann, G. and Munier, V. (2009). Suivre l’évolution
des conceptions des élèves en mécanique : développement et évaluation
d’exercices informatisés. Didaskalia, 35, 37-58.
[19] Griffard, P. B., and Wandersee, J. H. (2001). The two-tier instrument on
photosynthesis: What does it diagnose? International Journal of Science
Education, 23(10), 1039-1052.
[20] Gurcay, D. and Gulbas, E. (2015). Development of three-tier heat,
temperature and internal energy diagnostic test. Research in Science and
Technological Education, 33 (2), 197-217.
[21] Kamcharean, C. and Wattanakasiwich, P. (2016). Development and
Implication of a Two-tier Thermodynamic Diagnostic Test to Survey
Students’ Understanding in Thermal Physics. International Journal of
Innovation in Science and Mathematics Education, 24(2), 14-36.
[22] Hermita, N et al. (2017). Constructing and Implementing a Four Tier
Test about Static Electricity to Diagnose Pre-service Elementary School
Teachers’ Misconceptions. Journal of Physics: Conference Series,
895 012 167.
[23] Sin Loy Loh, A., Subramaniam, R., and Chwee Daniel Tan, K. (2014).
Exploring students’ understanding of electrochemical cells using an
enhanced two-tier diagnostic instrument. Research in Science &
Technological Education, 32 (3), p. 229-250.
[24] Mutlu, A., and Burcin Acar Sesen, B. (2015). Development of a two-tier
diagnostic test to assess undergraduates’ understanding of some
chemistry concepts. Procedia - Social and Behavioral Sciences 174,
629-635.

Abdeljalil Métioui received the Ph.D. degree in didactics and the M.Sc. in
Physics from Laval University, Canada, in 1987 and 1988 respectively. Dr.
Métioui directed research programs in science-teaching methods and
technologies and published numerous articles, as well as given papers on
students’ and teachers’ alternative frameworks in science. He has co-authored
books on the technology of electricity, laboratory in science teaching, and the
research interests involve teachers' and student's conceptions, and the use of
history and epistemology of science in science teaching.

International Scholarly and Scientific Research & Innovation 13(3) 2019

349

ISNI:0000000091950263

