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Abstract: - The purpose of this study was to develop a two-tier test to diagnose unipolar reasoning in electricity.
Thus, at first, we built a questionnaire composed of four questions with two choices (True / False) with
justification. The justification step is methodologically essential; it has allowed us to identify different
categories of conceptual representations. Then we administered it to students (N = 100) in the Science
education training program. The students’ answers were analyzed and used to create the choices for the two-tier
questions. The two-tier questions allow the student to give his explanation if the choices presented do not
conform to his representation. Finally, high school students (N = 25) completed an electronic version of the
two-tier test to solicit their commentary. The majority was enthusiastic about their participation, despite the
conceptual destabilization generated by completing this test.
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1 Introduction . _

Research conducted in numerous studies worldwide This false model designated by the term unipolar
with high school and university students from model in which the current leaves from the cell
established that the majority refer to erroneous (either positive or negative terminal) and arrives in
conceptual models when asked to solve simple the bulb and lits it was also identified among
problems related to electricity and electronics engineering students in the USA by Fredette and
compared with appropriate scientific views [1-11]. Lochhead [2]. Note that this unipolar model,
Early work by Closset and Viennot [9] identifies the 1dent.1fy1ng m other. recent research [6-7], persists,
use of non-scientific models by students (16-19 despite formal training, in}{ when students are
years old) when solving simple electrical problems. asked to SQIVC a complex circuit [7].

For example, in the circuit shown in figure 1, for Regarding the conceptions of college students

many students, if bulbs 1, 2, and 3 are identical, they enrolled in "Electrical ]j:r}gir}eering Technologies"
will shine with the same brightness. about Ohm's law, Métioui and al. [5] have
AN /

demonstrated that they faced conceptual difficulties

in defining its limits of applicability.
Thus, a large proportion of the students consider
all electrical and electronic systems to be linear.
Therefore, faced with an unknown component in a

Battery ||’ . . . .
Fig. 1 The unipolar model according to Closset and mrgult, students suppose %t to be a resmj[ance (R,)’
Viennot [9] which can be calculated simply by applymg Ohrps
law (R = U / I). However, note that this alternative
conception results from teaching in which we do not
insist on the limits of its applicability (e.g., it does
not apply to non-linear components as the
transistor).

s N
Bulb 2

These students reason that current flows from the
battery to the bulb two and lit it. The return wire
from this bulb to the battery seems not necessary.
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Likewise, according to Bensghir and Closset
[10], for many students, who study electricity and
electrostatic, there is no potential difference
between points A and B, as illustrated in figure 2,
since the two points have a charge of the same signs
(+, ).

A B

1,5V +
3V

Fig. 2 Potential difference
(After Bensghir and Closset)

This false conception results from a wrong
analysis of the circuit since they do not consider the
fact that the batteries are not identical, and that their
negative terminals are connected. Thus, points A
and B are not at the same potential, so there is a
potential difference between them.

The knowledge of alternative conceptions of
college and university students is essential for
delivering education that accounts for it.

On this subject, Shipstone [12] underlines in the
following passage, the relevance of this problem in
science education:

“The importance of this misconceptions is due
both to its high incidence in the middle years of
secondary school and it’s to persistence among able
students who have specialized in physics: it was
found , for example, in seven out of eighteen
graduate physicist and engineers who were training
to be physics teachers.” (p. 305)

Unfortunately, a great deal of research underlines
the absence of teaching that accounts for the
students' alternative conceptions, which are
abundantly published in the Science education
literature, as pointed out above.

The lack of such teaching can be explained by
many factors, such as insufficient didactic formation
among teachers, time constraints due to emphasis on
curriculum coverage, and the large number of
students in classrooms.

Consequently, more and more researchers are
developing tests to quickly diagnose students’
conceptions to generate interest among teachers to
take into account their students' conceptual
reasoning in their teaching [13-18]. On this subject,
Engelhardt and Beichner [3] note below the
enthusiasm aroused for this research and its
relevance to detect the students' misconceptions in
physics:
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“Widespread use of test instruments such as the
Force Concept Inventory (FCI) and the Test of
Understanding Graphs in Kinematics (TUG-K) has
brought a new way of evaluating students’
conceptual  understanding. ~ However,  more
instruments need to be developed in a variety of
areas to allow instructors to better evaluate their
students’ understanding of physics concepts and to
evaluate feasibility of new teaching endeavours. In
this respect, the Determining and Interpreting
Resistive Electric Circuit Concepts Test (DIRECT)
was developed to evaluate students’ understanding
of a variety of direct current (DC) resistive electric
circuits concepts. DIRECT has been designed for
use with high school and college/university students.
Common misconceptions were incorporated into the
distractors of the test items.”

2 Research goal

The present research is in line with these works,
particularly those who developed instruments for
diagnosing students' basic electricity conceptions. In
order to do that, we aimed to develop a two-tier test
to evaluate the students' unipolar reasoning.

3 Methodology

The first tier of a two-tier test is a standard multiple-
choice question, whereas the second two-tier
encourages students to select a reason for the first-
tier answer [ 14]. The objective of the two-tier test is
to “provide researchers with the opportunity to
make sense of whether a wrong answer to the first
tier of an item is due to misconception or if a correct
answer to the first tier means that the student
understands the scientific concept.” [13] To identify
student reasoning, we used a qualitative
methodology. In order to do that, we constructed a
first-tier multiple-choice item composed of five
questions. Questions were presented in the form of
an item for which the students had to indicate if this
one is true or false scientifically and to explain their
select answer. The questions formulated do not
require any recourse to mathematical formulas, so
the student must argue qualitatively his answer.

3.1 Sample and Data Collection

One hundred students (between 20 and 25 years old)
registered in the third year of university in the
Baccalaureate Program in Science Education
completed the questionnaire lasting sixty minutes.
These students took a course in electricity during
their secondary studies. Also, as part of a university
course, they received two periods of training, each
one of three hours duration, in the study of simple
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electrical circuits in a laboratory context. Secondly,
from the analysis of the students’ answers to the
questionnaire, we developed a two-tier digital test to
diagnose the students' reasoning about electrical
circuits rapidly.

3.2 First-tier questionnaire Design:
Students’ alternative conceptions

We have retained five questions to identify students'
alternative conceptions about their behavior relative
to the functionality of an open and closed circuit. It
should be noticed that these questions considered
the researchers previously highlighted. Herewith are
the target objectives put forth by each of the
questions.

3.2.1 First question

The objective of the first question illustrated in
figure 3 is to verify if, for the student, there is
an electric current in the wires going to the bulb
while its filament is broke. Hence, the circuit in
which the bulb is connected is open.

In the figure shown, the
switch is «on», but the
lamp is broken. Is there
current flowing in the
wires going to the bulb?
OYes ONo

Explain the choice of the answer:

Fig. 3 Paper-questionnaire: Question #1

3.2.2 Second question

The objective of the second question illustrated in
Figure 4 is to verify that, for the student, the branch
containing bulbs B and C is open; therefore, these
bulbs will not work. As for bulb A, this depends on
its operating characteristics and the battery voltage.

The bulbs A, B, and C in the circuit shown are
identical

—— T

A
/,—-._/_'\/—H ‘&%‘\—_""‘-ﬁx\x— _&
N B /
\\\ \.@)ﬁ\”“‘ -_/"@JC ’ )
s
. @ -
NI —\jITx_//ﬂ

Is the statement below true or false?
"The three bulbs will light up with the same
brightness when the switch is closed."

O Yes | 0 No

Explain the choice of the answer:

Fig. 4 Paper-questionnaire: Question #2
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3.2.3 Third question

The objective of the third question illustrated in
figure 5 is to verify if, for the student, the fact that if
the bulb A works, then bulb B cannot be burnt since
it is connecting in series with bulb A. Indeed, it does
not light because its current and voltage
characteristics are different compared to bulb A.

In the diagram shown, the bulb A lights normally,
while bulb B does not light. Is the following
statement true or false? "Bulb B does not light
because its burned."

AN /
/ AN O False
| Explain the
| choice of the
+|M" =
answer:

Fig. 5 Paper-questionnaire: Question #3

3.2.4 Fourth question

The objective of the fourth question illustrated in
figure 6 is to verify if, for the students, the bulb B
cannot work because its circuit is open. Moreover, if
we connect a wire between the (+) and (-) terminals
of the two batteries to close the circuit, bulb B burns
if bulb A works because the voltage across its
terminals is 3 V.

In circuits 1 and 2 below, lamps A and B are

identical, as are the two batteries.

it2

As‘T t
Circui
AsT *
Circui

I+ 1,5V

Is the statement below true or false?
"Lamp B would shine twice as bright as lamp A."

O True | O False

Explain the choice of the answer:

Fig. 6 Paper-questionnaire: Question #4

3.2.5 Fifth question

The circuit below is like circuit 2 (Question 4). The
lamp could not light because of the open circuit, and
if we close it, bulb B burns because the voltage
across its terminals is 12 V.

In the circuit shown, the lamp

will normally light with 6 V.

Is the affirmation below true or
false? + =

"The lamp will light normally

since the electric current moves

from the pole + to the pole -."
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O True | O False

Explain the choice of the answer:

Fig. 7 Paper-questionnaire: Question #5

3.3 Analysis of Data

First, we compiled the responses, one question at a
time, each taken separately. For each of them, we
proceeded to group the answers into different
categories, the number varying from one item to
another, depending on the different responses
obtained. Note that the analysis of the responses
started with the distinction between good and wrong
answers and incomplete or indecipherable answers.
To qualify students’ explanations as right or
incorrect, we compare them to the solutions
presented above (section 3). Secondly, we
interpreted all the responses identified in the
selected categories to synthesize the most common
errors.

3.2.1 Analysis of the first question

The explanations gave by the students enabled us to
note for their majority the absence of the correct
scientific representation about the open and closed
circuit. We have identified three conceptual
categories representations presented below. Some
students’ justification is given in Table 1.

Table 1: Categorization and students' responses to
question #1

Category 1: 16/100- 16%

No current flows in the wires because the circuit
is open.

“The current must leave from one point and come
back to the same point. In this case, the current
cannot complete the circuit because of the burned
filament of that lamp.” (S49)

“To say that there is an electric current in a
circuit, the current should flow throughout the
circuit at one point and come back to it. However,
since the circuit is open, there is no flow of
current.” (Seo)

Category 2: 52/100-52 %

The switch is "on"; therefore, the currents flow in
the wires leading to the bulb.

“There is a flow in the electric wires because the
switch is On, even if the bulb is burned.” (S3)

“If you replace the bulb with a new one, the new
bulb will light without changing the position of
the switch.” (Sq9)

Category 3: 20/100-20 %

The lamp does not light because its filament is
broken. Despite this fact, the electrical current
continues to flow through the bulb.
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“The fact that the bulb does not work is referred
solely to the burned filament. The switch is "On",
and the current continues to flow.” (Ss4)

In the end, 12 students advanced unreadable
explanations, and therefore, we were unable to
identify their conceptions.

3.2.2 Analysis of the second question
We have identified five conceptual categories following

the analysis of the students’ explanations presented in
Table 2.

Table 2: Categorization and students’ responses to
question #2

Category 1: 20/100-20 %

The bulbs B and C will not light because the
branch in which they are is open.

“Only bulb A will shine because it is the only that
makes the closed circuit.” (S4g)

“Only bulb A will shine because it is the only one
that is part of a complete electric circuit.” (Se3)

Category 2: 13/100-13%

Bulb A will shine with more brightness than
bulbs B and C because it connects to the two
terminals of the battery.

“Bulb A is going to shine with more brightness
because it is connected by one wire that carries
the total current from the battery. In the case of
bulbs B and C, the electric current is carrying by
two wires, therefore, they are dimmer.” (S¢s)

“Bulb will light brighter since it is connected
from two points by an electric wire that carries
the current, whereas bulbs B and C have less
current because the wires are not connected.”

(Ss4)

Category 3: 10/100-10 %

Bulb A will shine less than bulbs B and C
because it is far away from the battery.

“Bulbs B and C will be brighter than bulb A
because the electric current will reach them

ﬁrst.” (Szo)

Category 4: 12/100-12 %

Bulb C will light less than bulbs A and B because
the current leaving the battery is divided between
bulbs A and B, and the current flow through bulb
A will cross bulb C.

“It would be necessary to determine the positive
and negative terminals of the battery. If the
negative pole is on the left, bulbs A and B will
shine brighter than bulb C.” (S5)

Category 5: 8/100-8 %

Bulb C brights less than A and B because of a
parallel circuit.
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“Bulb C will be dimmer since it is connecting in a
parallel circuit. The current will divide between
bulbs A and B, and the remaining current of bulb
A will separate before going toward bulb C.”

(82)

In category 1, no student specified the bulb (A)
characteristics for it working compared to those of

the battery.

3.2.3 Analysis of the third question

We have identified five categories following the

analysis of data presented in Table 3.

Table 3: Categorization and students’ responses to
question #3

Category 1 : 20/100-20 %

The bulb B cannot be burnt. Otherwise, the
circuit would be open.

“The circuit is functioning; electricity must flow
throughout the circuit; therefore, bulb B cannot
be burning.” (S19)

“In this case, if bulb B is burned, bulb A would
not light. However, if the two bulbs are connected
in parallel, and bulb B is burned, bulb A would
not be affected and remains lighted.” (S64)

| poor connection.” (Sge) |

Students in category 3, considering that two
bulbs in series, the lamp placed near the positive
terminal of the battery receives the current
necessary for its lightning. The second bulb does not
light because the first bulb used the total current. It
is about the attenuation model identified by many
researchers.

3.2.4 Analysis of the fourth question

We have identified six categories following the
analysis of the students’ explanations presented in
Table 4.

Table 4: Categorization and students’ responses to
question #4
Category 1 : 22/100-31%

Circuit 2 is open; then, bulb B will not lit.
“Bulb A will light, whereas bulb B will not
because the current does not flow beyond the
positive terminal of the second battery.” (S;)
“So that the bulb lights, the energy must come out
of (+) and (-) terminals of the same battery;
otherwise, the bulb B won't light because there is
no energy dissipation.” (Sg)

Category 2: 20/100-20%

If bulb B does not light, then it is burned.

“The current should flow, therefore if it is not
illuminated, that is that it burnt out.” (S;)

Category 3 : 30/100-30 %

Bulbs B does not light because bulb A used all
the current (or energy) of the battery.

“Perhaps bulb A used up the total current, and
there is no current left to light bulb B.” (S¢)
“Either bulb B is burned, or bulb A has used the
whole current to remain lighted.” (Sss)

“Perhaps the battery is down because it has used
all of its energy to light bulb A. Therefore, the
battery could not supply bulb B with enough
energy. If bulb B is burned, the whole circuit will
not work.” (Sy)

Category 4 : 24/100-24 %

Bulb A receives much electrical current from the
positive terminal compared to bulb A who
receives less electrical current from the negative
terminal, which is why it does not lit.

“Because the negative side of the battery has as
much current as the positive side.” (Sgs)
Because the positive side of the battery is more
robust than the negative terminal.” (Sog)

Category 5 : 6/100-6 %

Bulb B does not light because it is badly screwed.

“Bulb B is not necessary burned. It might have a
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Category 2 : 15/100-15%
Bulbs B will light similarly to bulb A because
their wires are connecting the positive terminal to
the negative terminal of the second battery.
“Bulbs A and B should shine the same way since
each one has a positive and negative terminal.”

(S12)

Category 3: 8/100-8%
Bulbs A and B will light similarly because the
batteries are identical.
“The B bulb shines as the bulb A because it
leaves the positive in 1,5 V and arrives at the
negative in 1,5 V.” (So)
“Considering that the two batteries are identical,
1 think bulbs A and B will shine similar.” (S1;)
Category 4: 20/100-20%
Bulb B will light more than bulb A because it
receives more current than lamp B.
“In circuit 1, there is only one pole + to provide
the current. In-circuit 2, there are two poles + to
provide the current. Therefore this circuit offers
more electric current.” (S;)
Category 5: 20/100-26%
Bulb B will light more than bulb A because it
receives more voltage (3 V).
“Bulb B will shine more strongly since it is
connected to 3 volts rather than 1,5 V. (Sze)
Category 6: 15/100-26%
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The lighting of the lamp of circuit 2 will be more
extended because of the two batteries.

“If the two bulbs are identical, lit once, they will
remain identical. Only the bulb B will light
more.” (S81)

3.2.4 Analysis of the fifth question

We have identified five categories following the
analysis of the advanced explanations presented in
Table 5.

Table 5: Categorization and students’ responses to
question #5

Category 1 : 36/100-30 %

The circuit is open. It would be necessary to join
the two other poles of the two batteries by a wire
so that the current circulates.

“It is necessary to connect the two batteries with
a wire to form a complete circuit.” (S7)

“The electric current flows from (+) to (-) when it
reaches only one battery.” (Syo)

“No lighting because the batteries are not
properly connected. No reaction in solutions to
cause electrical energy.” (S33)

Category 2 : 28/100-42 %

The bulb is connecting to the positive pole of a
battery and the negative pole of another, then it
works.

“It will normally shine because it is plugged in
the positive and the negative terminals.” (S47)
“According to the convention, the current leaves
the battery and goes from the positive side to the
negative.” (Sss)

“The electric current should flow between the
positive and the negative.” (Sgs)

Category 3 : 36/100-28 %

The lamp will light because the two batteries
have the same voltage (6 V).

“This is true because the two batteries used are
identical, they have the same voltage (6 V).” (Sy,)

In category 1, only one student has specified that
the bulb will not light up even if the circuit is closed
because of the voltage:

“This circuit is not closed. The two batteries are
not connected. The negative pole of bulb A must
touch the positive pole of 2. The bulb must also
support a voltage of 12 V (the lamp will not light).”

(822)

4 Two-tier diagnostic test design
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For each question, we retained four or five
categories, including the scientific answers. Thus,
we have eliminated those that are indecipherable,
off-topic, or incomplete. In Annex, we will present
the two-tier test constructed with these categories.

A digital version of the two-tier test was
administered to a sample of 25 volunteer high
school students at the start of their electricity
lessons. These students had taken a course in
electrical circuits during their high school studies. In
the end, we asked them to give us their commentary
on the test (see Appendix).

They liked to complete the questionnaire
electronically despite a frustration felt. Indeed,
many were destabilized by trying to solve problems
qualitatively. In general, they calculate current and
voltage from Ohm's and Kirchhoff's laws.

Besides, they found that the explanations they
proposed to justify their choice of answer raised
doubts concerning their previous knowledge, and
thus they felt destabilized. They also really liked to
receive by email the digital version of the
questionnaire to fill it out and return it to us
electronically. This way of proceeding, among other
things, solve the constraint related to time teaching
highlighted in the introduction.

4 Conclusion and Limite of the study
In conclusion, the analyzes of the paper-pencil
questionnaire revealed the difficulty of students'
qualitative understanding of simple electric circuits.
McDermott and Finely [19] underlined in the
following passage, the students' conceptual
difficulty to solve qualitative problems on electrical
circuits:

“It is becoming increasingly apparent that success
in solving quantitative problems is not a reliable
measure of conceptual understanding. Instructors at
high school and university levels corroborate our
experience that students who can solve standard
quantitative problems often cannot answer simple
qualitative questions based on the same physical
concepts.” (page 995).

We also showed the existence of multiple
contradictory conceptual representations constructed
by a student of the same physical concept (e.g.,
current, voltage, energy), as illustrated in the
students' explanations.

Regarding this phenomenon, researchers
identified  multiple  representations in  the
development of students’ cognitive structures [20].

Finally, we developed second-tier questions
thanks to the representations of the students
identified in analyzing each item of the first-tier
questionnaire with justification.
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Unfortunately, the test developed does not cover
the study of complex circuits to analyze students'
unipolar reasoning.

Also, it should be tested with students to assess
its impact on unipolar reasoning. There is a need for
such research.

Despite these limits, the two-tier diagnostic test
developed can be used as an instrument for
educators to gain a correct vision of student
reasoning about the unipolar reasoning before
teaching.
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Appendix
Two-Tier Diagnostic Test: Unipolar reasoning

Question #1

In the figure shown, the switch is «on», but
the lamp is burnt out (broken).

In your opinion, is there current flowing in
the wires going to the bulb:

O Yes O No

Which of the following explanations best justifies your answer?

3 There is current that reaches the lamp wire but does not flow through it. The current cannot get through at
this point because the filament of the lamp is broken.

O The current always flows through the wires leading to the bulb, but since the filament is burnt out, the bulb
will not light up. If you replaced the burnt-out bulb with a new one, the new one will light up without
changing the position of the switch, which confirms that the current was circulating.

3 The current does not circulate because the circuit is open because the filament of the bulb is broken.

O The current is always flowing since it is the switch that determines the electric current supply to the lamp.

Question #2
The bulbs A, B, and C in the circuit below, are identical, do you think they will light up with the same
brightness when the switch is closed?
i A
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O YesO No
Which of the following explanations best justifies your answer?

O The bulbs will light up with the same intensity because the electric current will be uniformly shared between
the three bulbs, because they are identical.

3 The bulbs will not light up with the same intensity because the current comes out first from the + terminal of
the battery so, bulb B will be less bright.

O The lamp A will only light up if the voltage of the battery is appropriate for the lamp’s operation. As for
bulbs B and C, they will not work because that branch of the circuit in which they are connected is left open.

O The bulbs will all light up with the same intensity because they will get power at the same time. That is to
say; they will all be the first on the flow of the electric current coming from the battery.
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Question #3
In the diagram shown, the bulb A lights normally, while bulb B does not light.

—0)
/ AN
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+| =

In your opinion, is the following statement true or false: “If bulb B does not light up it is because it is burned
out.”

O True O False

Which of the following explanations best justifies your answer?

O The current goes from the (+) terminal to the bulb A; it means that on its way, the flow also passed bulb B,
and it does not lit. So, it either it is burnt or wrongly connected because the flow did go through it.

(3 Even if bulb B is burned out, it can act as a conducting wire. That's why bulb A is lit.

O Bulb B cannot be burned out because the circuit would be open and bulb A will not light.

O In a series circuit, if a bulb were no longer functional, the circuit would no longer be closed. In this case, the
circuit would be open, and the set of lights would no longer light up. Therefore, it is impossible for a single

bulb in the circuit not to light, because if necessary, the circuit would be open, and the other lamp would not
light either.

Question #4

In circuits 1 and 2 below, lamps A and B are identical as are the two batteries. In your opinion, is the following
statement true or false: “Lamp B would shine twice as bright as lamp A.”
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O True O False

Which of the following explanations best justifies your answer?

O The lamp B will not shine twice as bright than lamp A. The lamps will shine equally since they are both
connected to a circuit that starts from terminals (+) to (-).

O They will have the same brightness, because the two batteries in circuit 2 are not connected by a wire, so
that the current is not doubled.
O The bulb B will not light because the wire between the two batteries is cut so its circuit is open.

O The bulb B will shine twice as bright as bulb A. The higher the number of volts, the stronger the current will
be, and the more the bulb will ignite. The bulb (A) has only 1.5 V while bulb (B) has double.
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Question #5
In the circuit shown, the lamp will normally light with 6 V-Battery.

Is the affirmation below true or false?

"The lap will light since the electric current flows across its poles plus (+) and mines (-) terminals."

O Yes O No

Which of the following explanations best justifies your answer?

O The lamp will light up because the electric difference in electrical potential across its terminals is
equalto 6 V.
O The lamp will not light because the circuit is open. For it to light up, we must connect a wire
between the two + and - terminals of the two batteries to close the circuit.
O For the lamp to work, the circuit must be close. However, if we close the circuit it will burns
because the voltage across it will be 12 V.

O The lamp will light because the current is moving from the positive pole of one battery to the
negative pole of the second battery.
O The lamp will not light because the voltage at its terminals is 12 V.
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