
U n c o v e r i n g  S t u d e n t  I d e a s  i n  S c i e n c e

P h y s i c a l  S c i e n c e  a n d  N a t u r e  o f  S c i e n c e  A s s e s s m e n t  P r o b e s

57

7

Batteries, Bulbs,  
and Wires

Kirsten has a battery and a small bulb. She wonders how many strips of wire she 
will need to connect the battery and the bulb so that the bulb will light. What is the 
smallest number of wire strips Kirsten needs to make the bulb light up?

	 A One strip of wire

	 B Two strips of wire

	 C Three strips of wire

	 D Four strips of wire

Explain your thinking about how to light the bulb.  
Draw a picture to support your explanation.

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

Picture:
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Batteries, Bulbs,  
and Wires

Teacher Notes

Purpose
The purpose of this assessment probe is to elicit 
students’ ideas about complete circuits involv-
ing lightbulbs. The probe reveals whether stu-
dents recognize the pathway of electricity in a 
complete circuit, including its path through a 
lightbulb, in order to light a bulb using only 
one strip of wire and a battery.

Related Concepts
complete circuit, electricity

Explanation
The best answer is A: One strip of wire. If you 
closely examine a flashlight bulb, you will see 
two small wires sticking up in the bulb that are 
connected by a very fine wire called a filament. 
The two wires on either side of the filament ex-
tend downward into the base of the bulb where 

you cannot see them through the metal casing 
that surrounds the base of the bulb. One of 
these wires goes down to the very bottom of 
the base (the pointed end). The other wire is 
connected to the side of the metal base (some-
times the side is ridged so that it can screw into 
a socket). Knowing where these wires end up 
on the base of the bulb (the tip and the side) 
is necessary in order to use one wire to make a 
circuit that lights a bulb.
	 The battery, wire, and bulb need to be 
connected in such a way that it forms a com-
plete circuit. To do this, hold the end of the 
wire against the negative terminal (the bottom 
of the battery or smooth end). The other end 
of the wire should touch or wrap around the 
side of the metal casing that forms the base of 
the lightbulb. With the wire wrapped around 
the metal side of the bulb and the other end 
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touching the bottom of 
the battery, touch the 
tip of the base of the 
lightbulb to the posi-
tive terminal (bumpy 
end) and the bulb will 
light.
	 The lightbulb lights 
with just one wire be-
cause the electricity 
flows out of the nega-
tive terminal (bottom 
of the battery), through 

the wire, into the wire that is attached to the 
side of the metal casing on the base of the bulb, 
up through that wire inside the bulb, across 
the filament, and down the other wire inside 
the bulb where it is attached to the point on 
the base of the bulb that touches the positive 
terminal (the bump) of the battery, completing 
a full circuit.
	 Be aware, however, that students can 
choose the best answer, “one wire,” and still 
have an incorrect configuration of a circuit. 
For example, some students may touch one end 
of the wire to the battery and the other to the 
bulb, thinking the energy from the battery will 
flow through the wire to the bulb. Students 
who choose two wires as their answer may un-
derstand that a complete circuit is needed, but 
not understand the internal architecture of a 
lightbulb.

Curricular and Instructional 
Considerations

Elementary Students
“Batteries and bulbs” is a common instruc-
tional topic found in elementary school cur-
riculum materials that help students acquire 
skills of inquiry while learning what a com-
plete circuit is and about the architecture of 
a lightbulb. Building complete circuits is pri-
marily observational at this level and provides 
students with an opportunity to systematically 
test out their ideas and make observations.

Middle School Students
In middle school, students build a variety of 
different circuits to trace the path of electricity. 
At this level, they are able to understand why 
the lightbulb is designed the way it is in order 
to build a circuit. They also begin to build an 
understanding of the direction in which the 
electric current flows. Students build on their 
earlier experiences with complete circuits to 
understand the transfer of energy that is in-
volved in a circuit designed to accomplish a 
task such as lighting a lightbulb.

High School Students
Students at the high school level have begun 
the study of particles smaller than atoms, and 
their study may begin to link particles such as 
electrons to the notion of charge and to ideas 
of current and electric circuits. However, it is 
important to remember that many students 
may have had little experience with electric 
circuits themselves or that their experiences 
involved prefabricated circuit boards and light 
sockets that prevent them from seeing how the 
current flows through a lightbulb.
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Administering the Probe
Make sure students know what you mean by 
a “strip” of wire. Show them a battery, a bulb, 
and a coil of wire. Cut a strip off that is long 
enough to make the circuit so they know what 
is meant by a strip of wire. Or, show a hand-
ful of cut strips, but do not show just one, be-
cause it might cue them to the answer. Note 
that if students choose more than one wire, it 
is not necessarily incorrect in terms of making 
a complete circuit. However the probe is not 
asking how many wires are needed to make a 
complete circuit but rather what the minimum 
number of wires is. It is important to empha-
size drawing as a way of supporting the stu-
dents’ explanation in this probe. 

Related Ideas in National 
Science Education Standards 
(NRC 1996)

K–4 Light, Heat, Electricity, and 
Magnetism
	Electricity in circuits can produce light, 

heat, sound, and magnetic effects. Electric 
circuits require a complete loop through 
which an electric current can pass.

5–8 Transfer of Energy
	Electric circuits provide a means of transfer-

ring electric energy when heat, light, sound, 
and chemical changes are produced.

Related Ideas in Benchmarks 
for Science Literacy  
(AAAS 1993)

6–8 Structure of Matter
	Materials vary in how they respond to 

electric currents, magnetic forces, and vis-
ible light or other electromagnetic waves. 
(Note: This is a new benchmark. It can be 
found in AAAS 2007, p. 27.)

9–12 Forces of Nature
	 Different kinds of materials respond differ-

ently to electric forces. In conducting ma-
terials such as metals, electric charges flow 
easily, whereas in insulating materials such 
as glass, they can move hardly at all.

Related Research
	Studies by Shipstone (1985), Arnold and 

Millar (1987), and Borges and Gilbert 
(1999) show that, before instruction, many 
K–8 students are not aware of the bipolar-
ity of batteries and lightbulbs. They do not 
recognize the need for a complete circuit 
and have difficulty making a bulb light 
when provided with a battery and wires. 
Furthermore, even high school and uni-
versity students have shown difficulty with 
this task (AAAS 2007).

	Many students will use a source-consumer 
model in which the battery gives some-
thing to the bulb. In this context, younger 
students will often draw a single wire go-
ing from the top of the battery (unipolar 
model) to the bulb. Another similar model 

 Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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held by younger and older students involves 
two wires, each one going out of an end of 
the battery (bipolar model) and touching 
the bulb with the electricity going from the 
battery to the bulb in each wire (Driver et 
al. 1994).

	Some students will regard one wire as 
the “active” wire and the second wire as a 
“safety wire” (Driver et al. 1994).

Suggestions for Instruction and 
Assessment
	This probe lends itself to a follow-up inqui-

ry investigation. Provide a battery, bulb, 
and single wire, and ask students to figure 
out whether it is possible to light a bulb 
with just one wire. Have them explain the 
path of the complete circuit once they fig-
ure out how to light the bulb.

	The metal casing around the base of a bulb 
prevents students from seeing what the 
structure of a lightbulb actually is. Before 
students can explain the complete circuit, 
they need to see the arrangement of the 
wires in the bulb. Use an enlarged cutaway 
diagram of a lightbulb to show students 
what the wires look like behind the casing. 
(Note: Do not break the glass of a light-
bulb to show students the structure of a 
bulb. Students can be injured by shards of 
broken glass that may still be on the bulb 
casing.)

	Ask middle school and high school stu-
dents to draw arrows to show the direction 
of the current. Sometimes their drawings 
with two wires will reveal a “clash model” 

in which current flows from both ends of 
the battery and ends up lighting the bulb 
when the currents clash. This can provide 
further assessment information to inform 
instruction on how students think about 
electric current and complete circuits.

	Extend the probe to have students show 
how to light the bulb with two wires or 
with two batteries and one wire.

	Challenge students to find as many differ-
ent ways as they can to light the bulb with 
one or two wires and explain the path of 
the current.

	Many students have trouble with batteries/
bulbs/wires questions because they have 
only encountered them when they are part 
of a kit that includes “housing” for the 
batteries—with clips—so they are easier to 
manipulate and set up in a series. It is im-
portant to give students an opportunity to 
explore batteries, bulbs, and wires without 
the casings or clips so that they can under-
stand how the current flows through each 
of the components.

Related NSTA Science Store 
Publications and NSTA Journal 
Articles
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