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BACKGROUND

DC simple electric circuits are an important topic in the curricula of secondary school and university
level in many countries. Studies of students' conceptually difficult knowledge - a kind of troublesome
knowledge about this topic were found in a number of research and revealed that the more researcher
used the test with their students, the more misconceptions were found. This could help teachers
assist their students to gain understanding of the concept or create appropriate, targeted teaching
responses to learners’ difficulties.

PURPOSE

The purpose of this study was to investigate first year undergraduate students' misconceptions about
the brightness of identical light bulbs connected in DC electric circuits. A survey was developed based
on the misconceptions found in a group of science and technology education master degree students.
The misconceptions will be used as a guideline to design a teaching module to teach the
undergraduate students in the second semester.

DESIGN/METHOD

Eight True False questions were created, based on international master degree students’
misconceptions about the brightness of identical light bulbs connected in DC electric circuits. These
guestions were used to survey 209 first year undergraduate students' misconceptions. Students'
responses are analysed in terms of students' pattern of thinking, students' misconceptions, and
students' scientific problem solving skill.

RESULTS

Misconceptions about the brightness of light bulbs connected in DC electric circuits previously reported
were found in this research, such as 1) the brightness of the identical light bulbs connected in a series
circuit are not the same. 2) the nearer the battery, the brighter the light bulb. In addition, a specific
misconception peculiar to our students existed within those surveyed. The students thought that a
connection of the light bulbs in a main (same) line is always a series circuit even some of them are
connected in parallel with another bulb. This idea was found when students gave a reason to support
their response about the brightness of light bulbs in main line are the same; the reason is because the
bulbs are connected in a series circuit.

CONCLUSIONS

The misconceptions about the brightness of light bulbs connected in DC electric circuits as 1) the
brightness of identical light bulbs connected in a series circuit are not the same and 2) the nearer the
battery, the brighter the light bulb found in a group of science and technology education master degree
students are also found in a group of first year undergraduate students. In addition, students in both
groups have considerable difficulty in interpreting series analysis in a more complex circuit.
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BACKGROUND

Students are familiar with brightness of a light bulb, and the concepts of series and
parallel circuits. Many students have used a torchlight since childhood. They know that the
more batteries that are used in series with a torch bulb, the brighter the light produced.
When students grow up, they are taught concepts about series and parallel circuits more
than one time since they were the secondary level students. They learn the different
properties (voltage across and current passing through electric components), the schematic
diagrams of both circuits, and Ohm's law. These are the "threshold concepts" to opening up
a new dimension of students' understanding of the "complex concept" (Carstensen &
Bernhard, 2007) about the brightness of the identical light bulbs connected in series and
parallel circuits.

Research about students' misconceptions of DC electric circuits has revealed that
students have many misconceptions. These include: 1) current, energy, and potential
difference are not considered to be different concepts and are used interchangeably with
each other; 2) current is consumed by circuit components; 3) current comes out from the (+)
pole of the battery and enters to the bulb where it is consumed to light the bulb; the second
wire connected between the (-) pole and the bulb serves no purpose; 4) current comes out
from the both poles of the battery and clashes in the bulb to light it; 5) current is divided
equally in each branch of a parallel circuit; 6) a change before the bulb affects the brightness
of the bulb in circuit connected in series but the same bulb is not affected by change in
anywhere of the circuit after the bulb; and 7) batteries are constant current sources
(Kugukozer & Kocakilah, 2007).

It appears true that the more research about students' misconceptions are
implemented, the more misconceptions are found as many researchers reported that some
specific misconceptions were identified in their research (Ates, 2005; Engelhardt & Beichner,
2004; Joel & Carol, 2006; O'Dwyer, 2009). However, the misconception that "current is
consumed by circuit components"”, which is the second example above, is reported in almost
all research (Kugukodzer & Kocakilah, 2007). This might because it is easy for students to
accept the idea that circuit components need some input to give an output. In other words, it
is hard to believe that the amount of current before and after a light bulb are the same. This
kind of knowledge was named as "Conceptually Difficult Knowledge" which is a part of
"troublesome knowledge — knowledge that is 'alien', or counter-intuitive or even intellectually
absurd at face value." as presented in (J.H.F. Meyer & Land, 2003; Land, Cousin, Mayer, &
Davies, 2005; Perkins, 1999)

Understanding troublesome knowledge could help teachers assist their students to
gain an understanding of such concepts (J.H.F. Meyer & Land, 2003) or create appropriate,
targeted teaching approaches that respond to learners’ difficulties (Land et al., 2005; Perkins,
1999). Perkins (1999) suggests the appropriate teaching approach for "Conceptually Difficult
Knowledge" is an arrangement of inquiry processes that confront students with discrepancies
in their initial theories — either discrepancies between theory and observations or logical
discrepancies.

In the authors' physics course, questions about the brightness of two identical light
bulbs connected in a series and a parallel circuit as used in (Kugukdzer & Demirci, 2005)
were introduced to eight international master degree students in a class about
"misconceptions". This was done as the authors wanted the students to learn from their
firsthand experience: the meaning of misconceptions, source of misconceptions, and how
misconceptions could be changed. Even though our students had taught physics at the high
school level for many years, some of them still had the misconception that "current is
consumed by circuit components”. Their responses to the question about brightness of the
two identical light bulbs connected in a series circuit (see Figure 1) was "the brightness of L1
is brighter than that of L2 because L1 is nearer the battery than L2". However, they could
give the correct response for a parallel circuit.
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Figure 1: Two identical light bulbs connected in a series circuit.

Rather than tell the students directly that they had a misconception, the authors
proposed the following question as a hint: consider the brightness of a one light bulb circuit
with different number of batteries. This hint could help students realise that increasing the
voltage across or current passing through the bulb makes increases the brightness of the
bulb. Students then were encouraged to think about the current passing through and voltage
across the two identical resistors connected in a series circuit that equivalent to the light
bulbs circuit as shown in Figure 1. After a few minutes, students were able to relate a more
familiar (resistors) circuit to the light bulbs circuit. Finally, they could change their
misconception of "current is consumed by circuit components”. This success supports the
Perkin's idea to use an inquiry process to respond students' conceptually difficult knowledge.

The authors also challenged students with a more complicated DC electric circuit to
investigate whether the students were able to apply these newly learned concepts. Students
were asked to rank the brightness of the seven identical light bulbs connected in a circuit as
shown in Figure 2. The study offered some fascinating results to researchers. Almost all
students tried to calculate the voltage across and current passing through each light bulb
rather than simply thinking about how the current flows in the circuit. Some students
responded that the brightness of L1, L2, L4, L5, and L6 were the same because they were
connected in a series circuit. These students also explained that these light bulbs were
connected in a (same) line as they had perceived in a circuit of two resistors connected in
series (see Figure 3).

Figure 2: Circuit used to investigate students' ability to apply the newly concept.

The students' responses were quite different to the authors’ expectations and made
the authors eager to know whether only this group of students had this misconception or
whether other students also had it. To investigate this further, the authors developed a
conceptual test of eight True False questions (see Appendix) based on the misconceptions
found from this group of students to introduce to first year undergraduate students.

PURPOSE

The purpose of this study was to survey first year undergraduate students'
misconceptions about the brightness of light bulbs connected in DC electric circuits based on
the misconceptions found in the group of science and technology education master degree
students. The misconceptions will be used as a guideline to design a teaching module to
teach the undergraduate students in the second semester.
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Figure 3: Model of students' possible methods to solve the challenging problem. Authors used
the idea suggested by Carstensen and Bernhard (2007) to create this model.

DESIGN/METHOD

The objective of this research was to investigate whether master degree students'
misconceptions about the brightness of light bulbs connected in DC electric circuits are also
common in first year undergraduate students. To test this idea, the authors developed an
evaluation test consisting of eight True False questions as shown in the Appendix. The
misconceptions covered in the evaluation were 1) brightness of the identical light bulbs
connected in series are not the same 2) the nearer the battery, the brighter the light bulb and
3) the brightness of L1, L2, L4, L5, and L6 in Figure 2 are the same because they are
connected in a series circuit.

The participants were 209 Thai first-year undergraduate students who attend an
introductory physics course in the first semester of the 2012 academic year. The class was
taught by another lecturer who was interested in the misconceptions mentioned above,
especially the third misconception. The lecturer was not a member of the research group the
authors are members of. However, the lecturer and authors agreed to use only a small
amount of class time to collect the data. This was because the topic of DC electric circuits is
not included in the first semester syllabus. Therefore, the evaluation was designed as a True
False question format because this type of question format 1) is easier to administer and
analyse than free-form descriptive format 2) is especially useful for questions where there
are only two reasonable answers and 3) is able to expressed in few words, making the
guestions easier to understand and less dependent on reading ability (The Office of
Measurement Services: The University of Minnesota, 2011).

Participants had 15 minutes to respond to the eight True False questions, individually,
before their class started. They also knew that their responses would not affect their class
score but the results would be used to design a teaching module that would be used to teach
them in the next semester.

The students' responses were grouped and analysed in terms of 1) students' thinking
pattern; only the group of response that have more than 5% of total students in the group
were interpreted as a thinking pattern and 2) students' misconceptions that have been
mentioned in the first paragraph of this section; the number of students' responses to a group
of questions matching a criteria would be counted i.e. if students' responses to the first, third,
and fourth questions were "x", then it is assumed that the students believe that brightness of
identical light bulbs connected in series are not the same.
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RESULTS

Five groups of students' thinking patterns and the number of students in each group
are shown in Table 1. The results revealed that 1) 7.2 % of the students responded to all
guestions as "x" 2) 10% of the students are classified as "having correct understanding"”
because they could give the correct responses for all questions 3) 13% of the students did
not know that the brightness of identical light bulbs connected in series are the same and
they also had the idea that the nearer the battery, the brighter the light bulbs 4) 18.2% of the
students knew that brightness of identical light bulbs connected in series are the same but
they had a misconception that L1, L2, L4, L5, and L6 are connected in a series circuit 5) 12%
of the students have the same understanding as that of the 4™ group and they also believed
that L3, L4, and L7 are connected in a series circuit.

Table 1: Students' thinking patterns and their meaning

Gr. | Q10Q2/Q3|0Q4 Q5|06 | Q7| Q8| No. Interpretation

1 x | x | x | x| x| x | x | x | 15 |e Notableto interpret.

2 | vV | x| v | v | x| x| x x | 21 | e« Having a correct understanding.

e Having no idea that the
brightness of the light bulbs
connected in a series circuit are

3| x| x| x| x| x| x| V|V |27 the same.

e Having a misconception that the
nearer the battery, the brighter
the light bulb.

¢ Having an idea that brightness of
the light bulbs connected in a

4 v x| v |v|x|v series circuit are the same.

¢ Having a misconception that L1,
L2, L4, L5, and L6 are
connected in a series circulit.

e Having the same ideas as
students in the 4™ group.

5|v |« | v | Vv |V¥Y | Y | x| x |25 |e Having a misconception that L3,

L4, and L7 are connected in a

series circuit.

Table 2 shows the number (No.) and the response pattern (Pattern) of the students
who had the misconceptions that were mentioned in the first paragraph of the design/method
section. Results revealed that 1) 31.1% of the students believed that the brightness of light
bulbs connected in series circuit are not the same (P1). 2) 22.5% of the students had the
idea that brightness of the light bulb was inverse proportional to a distance between the bulb
and the battery (P2). 3) 39.2% of the students had a misconception about the connection
between light bulbs; they believed that L3, L4, and L7 and/or L1, L2, L4, L5, and L6 were
connected in a series circuit (P3-P5).
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Table 2: Pattern of students' response and their misconception (N can be "v™ or "x")

Pattern | Q1 | Q2 | Q3| Q4 | Q5| Q6 | Q7 | Q8 | No. Misconception
e Brightness of the identical light
P1 *x | N| | x| N|NJ|N/|N/|G®65 bulbs connected in series are

not the same.

e The nearer the battery, the

v v
P2 | N NN NN N 471" prighter the light bulb.

e L1, L2, L4, L5, and L6 are

P3 | v | N| Vv | Vv | % | v | N|N|B51
connected in a series circuit.

P4 vIiNIvIiv|iv]|s|N|IN| 6 |* L3L4andL7areconnectedin
a series circuit.

e Both of the 39 and 4"

P5 v N v | vV | v | vV N N 25 X .
misconceptions.

In addition, some pattern of students' responses can represent their "scientific
problem solving skill", which is the ability to consistently use a concept to solve the set of
problems (Nopparatjamjomras, 2008). In this research, students who gave the same
response for the first, third, fourth, fifth, and sixth questions have a scientific problem solving
skill. If the students' responses to the first, third, and fourth questions were "x" then they
have the idea that brightness of the identical light bulbs connected in series are not the
same, their responses to the fifth and sixth questions will be "x". On the other hand, if
students knew that brightness of the identical light bulbs connected in a series are the same
(their responses to the first, third, and fourth questions should be "v") and if they believed
that the connection of L3, L4, and L7 together with that of L1, L2, L4, L5, and L6 are in
series, their responses to the fifth and sixth questions will be "v™". Table 3 shows the number
of students who were considered to have a scientific problem solving skill.

Table 3: Response pattern of the students who have "scientific problem solving skill".
Pattern | Q1 | Q2 | Q3 | Q4 | Q5| Q6 | Q7 | Q8 | No.
X X X X X
v | v

P1 N N | N | 54
P2 | v | N| Y |V N [ N[ 25

Furthermore, there are only nine students (4.3%) that could not give the correct
response to the second question. This probably means that almost all students did not have
a problem with parallel circuits.

CONCLUSIONS

The misconceptions concerning the brightness of light bulbs connected in DC electric
circuits found in a group of science and technology education master degree students were
also found in a group of 209 first year undergraduate students. These misconceptions
consist of the misconceptions that have been already reported by other researchers as 1) the
brightness of identical light bulbs connected in a series circuit are not the same and 2) the
nearer the battery, the brighter the light bulb. In addition, the specific misconception
identified with our students that existed within those surveyed is that the brightness of L1, L2,
L4, L5, and L6 in the circuit shown in Figure 2 are the same because students thought that
the bulbs are connected in a series circuit. Authors will use these misconceptions to design
a teaching module to teach the undergraduate students in the second semester.
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Appendix

BRIGHTNESS OF THE LIGHT BULBS IN THE DC CIRCUIT CONCEPTUAL EVALUATION

Please give the answer yourself in 15 minutes. Your response will be used for science and
technology education research (Physics education) only. It will not effect to your classroom
score.

Instruction All light bulbs are identical and the batteries are perfect (They can supply enough energy
for all device)

N\ NED)
L1 L2 L3 L4

From the above circuits, please mark v or x in front of the question that you thought it is "correct" or
"incorrect", respectively.

1. The brightness of L1 is same as that of L2 because L1 and L2 are connected in a series
circuit.
2. The brightness of L3 is brighter than that of L4 because L3 is nearer the battery than L4.

L1 L2
s s

From the above circuits, please mark v or % in front of the question that you thought it is "correct" or
"incorrect", respectively.

__ 3. The brightness of L1 is same as that of L2 because L1 and L2 are connected in a series
circuit.

4. The brightness of L5 is same as that of L6 because L5 and L6 are connected in a series

circuit.

5. The brightness of L3, L4 and L7 are the same because L3, L4 and L7 are connected in a
series circuit.

6. The brightness of L1, L2, L4, L5 and L6 are the same because L1, L2, L4, L5 and L6 are
connected in a series circuit.

7. The brightness of L1 is brighter than that of L5 because L1 is nearer the battery than L5.

8. The brightness of L3 is brighter than that of L7 because L3 is nearer the battery than L7.
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