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Prior research suggests that students who can-
not light a bulb given a single wire, a bulb,
and a battery are not able to reason correctly

regarding complete circuits. Our research shows that
students believe that the wires from the filament are
connected to the base of the bulb at the bottom. The
percentage of students with this belief seems to be de-
pendent on the level of the introductory physics
course taken (conceptual, algebra, calculus). We have
proposed three activities that appear to aid students in
developing the correct model of how a light bulb is
wired and a definition of complete circuit that classi-
fies a short circuit as a complete circuit but one that is
not advantageous.

Try giving one of your students a battery, a bulb,
and some wires and ask him or her to make a bulb
light.  You will find that this simple task will cause
many students great difficulty. James Evans1 notes the
low success rate of performing this task among high
school seniors, university students, and university

Circuit 1 Circuit 2

Fig. 1. Typical drawings given by students while trying
to make a light bulb light.
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graduates.  McDermott and Shaffer2 suggest that stu-
dents who have difficulty with the bulb-lighting task
fail to understand and apply the concept of a com-
plete circuit.  Evans, however, asserts that “most of the
students have no idea of the way the various wires in-
side a light bulb are connected. Lacking this under-
standing, how secure can they be in their understand-
ing of ‘circuit’?”3 Yet, no research to date suggests how
students think the wires inside a light bulb are con-
nected.

Research4 indicates that students have difficulty
lighting a bulb given one wire, a battery, and a bulb.
Does this result truly indicate that they do not under-
stand the concept of a complete circuit as previous re-
searchers have suggested? Or is it more that they do
not know how a light bulb is wired internally? Fur-
thermore, what do we, as physics instructors, mean by
the term “complete circuit?” It is generally not a term
that is explicitly defined in introductory textbooks.
Students who were interviewed define it as “a com-
plete path for _____ (energy, current, etc.) to move
with no breaks.” By this definition, a short circuit is
also a complete circuit. We disagree with the infer-
ence of McDermott and Shaffer that suggests that a
student who makes a drawing as shown in Fig. 1 (Cir-
cuit 1), or who cannot make a bulb light given a bat-
tery and one wire does not understand the concept of
a complete circuit. We contend that the student does
not understand the internal wiring of the light bulb
and may have difficulty identifying a short circuit. In
some respects the drawing itself is confirmation that
the student understands a complete circuit; otherwise,
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the drawing would look like that in Fig. 1 (Circuit 2).
There is a complete path for the charges to flow — it
simply does not flow through the bulb. We as educa-
tors need to be more precise in our definition of a
complete circuit. At present, its meaning is hidden
from the students and not clearly defined in our text-
books. We suggest the following definition:  

A complete circuit is any complete path in
which charges can move having no breaks or
gaps. A short circuit is also a complete circuit;
however, it is not an advantageous circuit as the
element that is intended to receive charge does
not because the charges are following the path
of least resistance, and therefore, bypassing the
element.

This paper will present the results of a one-question
survey to ascertain students’ ideas of the internal
wiring of a light bulb. We have already suggested a
useful definition of a complete circuit and will offer a
set of promising activities to help students better un-
derstand how a light bulb works, strengthening their
idea of a complete circuit and enabling them to deter-
mine where the contact points are on a light bulb and
a socket.

So How Do Students Think a Bulb Is
Wired Inside?

In order to answer this question, a one-question
survey was created asking students to draw the loca-
tion of the wires connecting to the base of a light bulb
(see Fig. 2). The survey was given to 124 first-semes-
ter introductory calculus-based engineering students,
and 149 first-semester introductory algebra-based
general physics (GP) students at Kansas State Univer-
sity (KSU) in spring 2003. The results from the 

s
i
e
r
s
b
M
l
p

“

g
i
d
v
l
h
c
t
e
o
o

Class        Both wires  Both wires  One wire to   Other
to the         to the side  the bottom, 
bottom one wire to

the side

Calculus-
based 18% 5% 72% 6%

Algebra-
based 58% 9% 25% 8%

Concep-
tual- 70% 0% 30% 0%
based

Table I. Results from question asking where the wires con-
nect to the “invisible” portion of a light bulb.
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urvey and additional data from 10 interviews with
ntroductory conceptual physics students are present-
d in Table I. One intriguing observation is that the
esults for the calculus-based and the algebra-based
tudents are almost exactly reversed. There appears to
e an effect from the level of the physics course taken.
ore research will need to be done to uncover precise-

y why this is so; however, this is not the focus of the
resent paper.

Making Sense of Incandescence”
From Table I, it is clear that more than 50% of our

eneral education physics students have an incorrect
mage of the internal wiring of a light bulb.  So, how
oes an instructor help a student develop the correct
iew of the internal wiring of a light bulb? We would
ike to suggest the following three activities, which we
ave chosen to call “Making Sense of Incandes-
ence.”5 These activities are not intended to replace
raditional circuit activities, but to make them more
ffective by strengthening the students’ understanding
f a complete circuit and developing the correct view
f how a light bulb is internally wired and how it op-

base of 
the bulb

Where do these 
two wires connect 
to the base of the 
bulb?

filament

Fig. 2. Diagram given to students to answer the question,
“On the figure of the light bulb, draw in where you
believe the two wires that come from the filament con-
nect to the base of the bulb.”
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erates.  These activities grew out of the interview pro-
tocol used with the conceptual physics students.  They
were initially developed for and pilot-tested with stu-
dents at a local high school in Kansas, but have since
been used with university-level conceptual physics
and general physics students. “Making Sense of In-
candescence” loosely follows the learning cycle,6

which has three components: an exploration (Bright
Ideas), a concept introduction (Activity 1: Getting
Hot; Activity 2: That Glowing Feeling; and Activity 3:
Getting Connected), and an application (Lighting Up
the Night). The activities are done in stations. The
activities will now be described in more detail.

The exploration activity, Bright Ideas, elicits the
students’ initial ideas about the concepts that are pre-
sented in the remainder of the activities and serves as a
baseline to see what conceptual changes occur during

Fig. 3. Circuits for Activity 2: That Glowing Feeling.

Fig. 4. Equipment used in Activity 3:
Getting Connected.

Circuit 1:
Bulb lights.

Circuit 2:
Bulb does not light.
Light bulb is
unscrewed.

Circuit 3:
Bulb does not light.
Batteries are connected
so that negative poles
are in contact.
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the activities. Students are asked to describe how a
light bulb works, how they believe the wires are con-
nected to the base (given Fig. 2 on which to draw), to
what other circuit element(s) the bulb is most similar
(wire, battery, resistor, capacitor), what experiences
led them to choose their answer, and to define in their
own words what is meant by a complete circuit.

Activity 1: Getting Hot is intended to help students
better understand how the light bulb functions via a
comparison with another well-known device, the
heating element from an electric stove. Students are
led through a series of focused questions to deter-
mine how a light bulb filament and the heating ele-
ment from an electric stove are similar and dissimilar
to one another. Students also determine the number
of connections each has, and whether or not the 
orientation of the connections to the battery is
important.

Activity 2: That Glowing Feeling tests their idea of
a complete circuit and confronts the idea that,
although three circuits may physically appear to be
identical, their actual operation may not. Students
problem solve to find out why two out of three iden-
tical-looking circuits do not function. The circuits
are shown in Fig. 3 as they first appear to the stu-
dents. Circuit 1 in Fig. 3 will result in the bulb
lighting after the final connection is made. In the
other two circuits, the light bulb does not light after
making the final connection. In Circuit 2 (Fig. 3),
the bulb is not fully screwed into the socket creating
a break in the circuit. In Circuit 3 (Fig. 3), the bat-
teries have been hooked together so that the negative
poles are in contact with each other. Prior to making
the final connection, students are asked if the circuits
are complete based on their definition from the
Bright Ideas exploration activity. They make the
final connection and are again asked if the circuits
are complete. If they answer that the circuit is not
complete, then the students are asked to problem
solve as to why the bulb would not light, fix the
problem, and explain how this situation initially
resulted in an incomplete circuit.

Activity 3: Getting Connected directly confronts
students’ alternative image of how a light bulb is
THE PHYSICS TEACHER ◆ Vol. 42, April 2004



internally wired. Its goal is to make a Christmas tree
bulb light using a 6-V lantern battery connected to a
large household socket (see Fig. 4). Students do this
by first exploring how the socket works. Students
record all their attempts to make the Christmas tree
bulb light and note at what points on the socket they
have tried. Near the end of this activity, they are
given a battery, a wire, and a bulb and asked to make
the bulb light given their new understanding of the
internal wiring of a light bulb. 

The application activity, Lighting Up the Night,
provides students a chance to test their understanding
of a complete circuit and their newfound knowledge
of the internal wiring of a light bulb. Students are giv-
en a flashlight, two batteries, and some wires (see Fig.
5).  They are asked to light the bulb without using the
yellow casing.  The casing is provided to the students
for them to reference.

Field Testing the Activities
The activities have been used with three different

populations of students: high school physics (N = 13),
and two introductory-level university groups — alge-
bra-based general physics (N = 29), and conceptually-
based physics (N = 12).  Both of the university groups
were enrolled in summer school. All students had al-
ready begun their study of electric circuits. The quali-
tative nature of the activities was unusual for all three
groups. The high school students typically performed
few hands-on laboratory experiments, but were shown
many demonstrations in class. The most recent set of
demonstrations dealt with electricity and was demon-

Fig. 5. Equipment given to students
for the application activity, Light-
ing Up the Night. Students were
not allowed to use the yellow body
of the flashlight, although it was
given for them to reference. 
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strated in part via a Van de Graaff generator. Having
seen what electricity could do via these demonstra-
tions, the high school students were reluctant to ini-
tially touch and interact with the equipment. The
university students were accustomed to quantitative
laboratory activities that required numerous calcula-
tions and were more self-paced.

The students began by answering the questions in
the Bright Ideas activity. We recommend having stu-
dents independently answer the questions from Bright
Ideas in the classroom so that their own ideas are
elicited and not the ideas of someone else, or the text-
book. For the field test with the high school and gen-
eral physics group, each of the authors was at a station
(what a luxury!) to help guide and focus the students’
work, as well as to observe how the students interacted
with the activities. Students were divided into three
groups of two to four people. For the larger general
physics class, we had 10 students per station subdivid-
ed into smaller groups of three to four. Sufficient
equipment was available for each group. Groups ro-
tated between the three stations. The order of rota-
tion did not matter.  After all three stations had been
completed, we had a discussion that crystallized the
main ideas from each of the activities. The main ideas
were how a light bulb works, how it was connected
within itself and to a socket, and what constituted a
complete circuit. The final activity was Lighting Up
the Night followed by a minute paper to reflect on
what they had learned and pulled together from the
activities. The minute paper also served as an evalua-
tion of the activities. The high school students had 40
minutes to complete the activities while the university
groups had an hour and 50 minutes. Thus, there were
difficulties completing all of the activities with the
high school students. In the future, we recommend
two class periods for those with 40- to 50-minute 
periods.  

When the high school students were asked how
they liked the activities, most responded positively.
The main complaint was lack of time to complete all
the activities and to discuss the meaning of their re-
sults. One student remarked that there were not
enough hands-on experiences in Activity 1: Getting
Hot. Others did not see how Activity 1 was linked to
the other two activities. We feel that this link, had
time permitted, could have been established during
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the discussion phase. In Activity 2: That Glowing
Feeling, some students in the high school and general
physics groups believed that the light bulb was polar-
ized so that a change in the wire connections would
result in the bulb not lighting. We believe that this is
an artifact of overemphasizing the direction of current
flow during instruction.  We have hence added to Ac-
tivity 1 a section that deals with the issue of whether a
bulb is polarized or not. In Activity 2: That Glowing
Feeling, students were not accustomed to unscrewed
light bulbs and had difficulty seeing how this would
affect the lighting of the bulb.

The university-level students were split with their
evaluation of the activities. Those who had an incor-
rect view of the internal wiring of a light bulb found
the activities useful, often clearing up their confusion
about how a light bulb functions and connects to a
circuit. Those who had the correct view found the ac-
tivities trivial. Both groups found parts of the activi-
ties to be repetitive. For this group of students, we
recommend adapting the activities and incorporating
all or parts of them into an existing activity dealing
with light bulbs and simple circuits.

For most students Activity 3: Getting Connected
was the most illuminating. It was during this activity
that students’ alternative image of the internal wiring
of a light bulb was most strongly confronted. Many
students began by trying to touch both leads from the

Fig. 6. Socket similar to those used
for Activity 3:  Getting Connected.
The green arrows indicate the loca-
tions of the point where the base is
connected to the side. The large
blue arrow indicates the tab on the
base where many students tried to
connect both wires from the
Christmas tree light.
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Christmas tree bulb to the metal tab (indicated by the
blue arrow in Fig. 6) of the socket. Students were visi-
bly surprised when this did not work and proceeded
to try other combinations. After several attempts, stu-
dents found a combination that worked with little or
no prompting. Students often found two screw (see
green arrows in Fig. 6) connections on the bottom of
the socket, which connected a metal strip on the base
to the side of the socket, and would attempt to con-
nect between them, which would result in the bulb
lighting. They, however, did not realize that in the
process they also made a connection to the metal tab,
which actually completed the circuit. This was an im-
portant point that we had to emphasize to the stu-
dents and we encouraged them to find other locations
that would also work. However, one high school stu-
dent lit the Christmas tree bulb in this manner, but 
refused to find other locations that also worked. As a
result, this student believed that a light bulb connects
only to the base of the socket and did not acquire the
correct view that it is connected to the base and the
side. Had time permitted, we would have liked to
have given this student the one wire task to complete,
and to question how those results and the results from
the socket related to one another. However, almost all
of the students were able to quickly transfer their new
knowledge of how the socket connects to a bulb to
correct their image of a light bulb’s internal wiring.

Summing It All Up
To summarize, prior research has suggested that

students who cannot light a bulb given a single wire,
a bulb, and a battery are not able to reason correctly
regarding complete circuits. No study to date
inquired into how students believe a light bulb is
wired. Our research shows that more than half of
introductory general education physics students
believe that the wires from the filament are connect-
ed to only the base of the bulb at the bottom. There
appears to be a correlation with the level of the
introductory physics course taken (conceptual, alge-
bra, calculus). The reason for this relationship is
unclear from our current work, although it may have
to do with students’ prior experience with light
bulbs. Further research would need to be done to
uncover the factors influencing this apparent correla-
tion. We have proposed three activities that appear
to aid students in developing the correct model of
THE PHYSICS TEACHER ◆ Vol. 42, April 2004



how a light bulb is wired. We recommend their use
in high schools and as supplementary activities in the
university. We also propose a definition of a com-
plete circuit that classifies a short circuit as a com-
plete circuit, but one that is not advantageous.
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