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Circuits

Introduction

The focus of this task was students' comprehension of the flow

of electricity and simple electrical circuits. The task considered

students' ability to form hypotheses and experiment with the

materials in order to draw conclusions based on those

hypotheses. This task also measured students' observation

skills and their ability to either change their hypotheses in accord-

ance with results, or use their hypotheses in order to give their

results some structure. Plus, we observed their methods in

generating responses. In this task, if students did not appear able

to insert an unknown into the circuit appropriately, the test

administrator demonstrated it.

Description

This task consisted of three related problems.

The first problem required students to con-

struct a circuit when given various materials

such as a battery (in holder), wires, and a light

bulb. The second part of the task asked stu-

dents to make another circuit, this time using a

partially constructed circuit board along with

the same materials. In the third part of this task,

students had to use the circuit board to identify

the contents of four mystery boxes.

Materials: 1 circuit board

1 "C" battery holder

2 "C" batteries

1 1 .5 volt mini-light

2 alligator clip connectors

4 unknown boxes labelled A, B,

C, D containing:

1 AA battery

1 100 ohm resistor

1 straight wire-to-wire connection

1 toothpick

paper and pencil

unknown sheet

The unknown boxes were constructed in such a

way that there were wires coming from each

side. We added weights to all boxes so they were

all approximately the same weight.
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Understanding Circuits

Problem 1—Results

The first task required students to light the bulb using the

materials presented (battery in holder, wires, and light

bulb). Students did not have to use all the materials. The

administrator only interfered when it appeared that the

equipment might be seriously damaged. This seldom hap-

pened. At both grades (4 and 8), students were able to

complete this part of the exercise successfully; 95 percent

of the fourth graders and 97 percent of the eighth graders

lit the bulb. Most of them created simple series circuits

(Grade 4, 94 percent; Grade 8, 98 percent). The others

created parallel circuits. Only 19 percent of the fourth and

5 percent of the eighth graders completed this task by trial

and error.

Students were asked to draw a picture of the circuit they

had made and to use arrows to trace the flow of electricity.

At Grade 4, 63 percent of the students drew arrows that

converged at the bulb. Forty-five percent of the eighth

graders answered in this manner. See the meticulous

example drawn by the fourth grade boys below.

Thirty-two percent of the fourth graders and 54 percent

of the eighth graders drew the arrows continuing around

the circuit. Two eighth grade girls provided the following

example.

When asked how the electricity lights up the

bulb, 42 percent of the fourth graders and 62

percent of the eighth graders answered that

"Electricity passes through the bulb."

One fourth grade girl made the following anal-

ogy to describe how current travels in a circuit:

"the current was like a car travelling down a

road, when the bridge was up, the car had to

stop, when the bridge was down, the car could

get around and the current could pass." Stu-

dent responses are nearly identical to those in a

multiple choice question from the pre-perfor-

mance test.

B.

Which picture shows the direction of the

electrical current in a circuit?

A;

C.

Grade.
:
:4:;;:;i

:
v:;; Grade 8

42% 60%

40% 34%

15% 5%

When asked to tell how electricity lights the

bulb, 56 percent at Grade 4 and 35 percent at

Grade 8 responded that "electricity stops at the

bulb."

Problem 2

Next, students were given a partially con-

structed circuit board and asked to light the bulb

using the circuit board and the equipment they

had been given for the previous exercise. The
circuit board appeared to make no difference in

their performance. About 97 percent of the

fourth graders and 98 percent of the eighth

graders were able to get the bulb to light.



This time, 84 percent of the

fourth graders were able to light

the bulb purposefully as op-

posed to 77 percent in the first

exercise, suggesting that they

had transferred what they had

learned from the first activity.

When asked to show on the board, by pointing, where the

electricity comes from to light the bulb, 36 percent of the

fourth graders and 54 percent of the eighth graders

showed electricity continuing around the circuit 56 per-

cent of the fourth graders and 43 percent of the eighth

graders showed it stopping at the bulb. It is interesting to

note that 8 percent of the eighth graders reversed their

previous response and stated that the electricity stops at

the bulb rather than passing through the bulb.

Students then were asked to try to light the bulb a second

way. (There were many options here: they could add more

wires, or subtract wires, or reconfigure the wires.) About

96 percent of the fourth graders and 97 percent of the

eighth graders were able to do this. Most ofthem created

series circuits by adding or subtracting wires. Only 3 per-

cent of the fourth graders and 4 percent of the eighth

graders created parallel circuits.

The administrator gave

the students box A
(containing the wire)

and asked them if they

could insert it into a cir-

cuit so that whatever

was in the box would

affect the light bulb.

Students who were un-

able to do this were as-

sisted by the administrator who demonstrated

the appropriate way to insert the box. The
administrator, while disconnecting the circuit,

said to the students that there were four things

in the boxes: a battery, a resistor, a wire, and a

toothpick. "They are all wired to the wires you

see sticking out of the boxes. What effect do

you think each would have on the light bulb if

you inserted it into the circuit? Write your

prediction on this sheet." (Students were given

a sheet of paper, the top half of which was

divided into four parts so that students could

write what their predictions were.) Below is a

completed example of a student prediction

sheet.

It is clear that although approximately halfof the students

did not completely understand how electricity flows, they

are able to put together a circuit with little trouble. Many
children at both grades argued their partners into or out

of the correct answer for the circuit questions. It seemed

to be counter-intuitive to children, especially those who

haven't studied electricity, to believe that electricity flows

in a circle and passes through the light bulb, thus causing

it to light. They were more inclined to believe that it

stopped at the bulb and was changed into light.

Identifying Unknown Boxes

Problem 3

The next part of this task involved formulating hypotheses,

testing the hypotheses, interpreting the data, and drawing

conclusions. Students had already finished three general-

ly successful separate attempts at creating a complete

circuit This prepared them for the task at hand: that is,

finding the contents of the unknown boxes.
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Results

Students were encouraged to discuss their ideas with each

other and come up with a joint prediction-

Wire

Prediction

Makes light

No light

* Other

Grade 4

72%

9%
11 %

Grade 8

82%

5%
2%

* Generally when the student response was classified as

"other," the student said that the bulb would be dim-

mer because it would take the electricity longer to get

to the bulb with the extra wire attached.

Toothpick

Prediction Grade 4 Grade 8

No light 72% 85%

Makes light 15% 9%
* Other 5% 2%
* This generally consisted ofthe notion that there would

be smoke because the electricity would cause the

toothpick to ignite.

Grade 8

22%

1%
6%
68%

1 %
* A small but significant number (9 percent at Grade 4

and 6 percent at Grade 8) said that there would be no

light because the battery would increase the current

too much, causing the light to burn out.

Battery

Prediction Grade 4

Brighter 20%
Dimmer 1%

* No light 9%
Makes light 59%

Other 3%

Resistor

Prediction Grade 4 Grade 8

Don't know 11 % 11 %
* Brighter 1% 2%
Dimmer 1/3% 18%

No light 26% 42%
Makes light 27% 15%

Other 13% 5%
* Most children reasoned some definition for "resistor"

by using the root word "resist"; hence, "become

brighter" would not be an appropriate option.

Testing the Hypothesis

Students were next told to test the boxes to find

out their contents. The first thing almost every

student did was to shake the boxes and then try

to judge the weight differences, not knowing

that we had secured weights to each box to

control for this. Of all the students who took

this test at both grades, only one pair of fourth

grade boys came up with a method to determine

the contents of one box without testing it. Ac-

cording to the test administrator, "They twisted

the wires and identified the box containing the

wire because the wires went right through the

box, and twisting one end affected the other."

Students were not obliged to use the circuit

board but merely to identify the contents of the

unknown boxes. Many students (25 percent at

Grade 4 and 26 percent at Grade 8) were able

to find the battery without using the circuit

board by testing each unknown box inde-

pendently with the light bulb and concluding

correctly that the battery was. the only one to

make it light

At both grades, the majority of students

proceeded to determine the unknowns in an

orderly fashion. About 81 percent at Grade 4

and 85 percent at Grade 8 tested one unknown
box at a time, noted its effect on the circuit, and

made their decision based on their observation.

Those who did not do so generally tried to

attach more than one unknown box at a time, or

used an open circuit, or did not record their

results properly.

These fourth grade girls were extremely careful

in testing the unknown boxes.

1. Students were unfamiliar with the word

"resistor," but felt it meant hold

something back, so a resistor must hold

electricity back and make light flicker.

2. They put each box into the circuit, from

AtoD.

3. After C made the bulb brighter, they

shook the box.

4. Retested B to make sure it still didn't

light the bulb and decided it had to be
the toothpick.
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5. Retested A and decided it was the wire. ("Wires

make lamps light up, so why not here?")

6. Retested C by using just it and the bulb, and found

that the bulb was still lighting up and declared that

It proved that C was the battery.

7. Retested and discussed whether it was the

resistor or the wire.

8. Retested A and D several more times before

deciding that D was the resistor.

The next example of fourth grade boys demonstrates a

methodical yet careless approach to the problem.

The selected student proceeded very deliberately

and confidently from one box to another. His friend

acted as an assistant who would have the final

say/comment without regard to evidence. At no time

did either consider trying to isolate the battery. They
just put each box into the circuit board and were not

troubled when resultswere thesame or different from

predictions. After writing down observations, they

ended up just guessing by trying to shake or weigh

the different objects.

Drawing Conclusions

Toothpick - Box B

Students were most successful at finding the toothpick

among the unknown boxes. Seventy percent of the fourth

graders and 76 percent of the eighth graders identified the

toothpick. The most frequently incorrect answer for Box

B was resistor, an obvious choice since it would "resist the

electricity." Sixteen percent at Grade 4 and seventeen

percent at Grade 8 decided that it was the resistor. Four

and two percent respectively thought it was the battery,

using the logic that "two batteries would burn out the

circuit."

Resistor - Box D

The next most successful identification was that of the

resistor, with 53 percent of the fourth graders and 69

percent of the eighth graders successfully iden-

tifying it It seems that many students found the

resistor by process of elimination. Having

found the battery, toothpick and wire, what else

was left?

Many students had problems with the resistor

because they couldn't define it In most cases,

if students were able to correctly predict what

the resistor would do e.g., make the light dim-

mer, then they were able to correctly identify

the resistor among the unknown boxes. Eighty

percent of the students who correctly predicted

the resistor would dim the lights identified the

resistor. The next best response, particularly if

students were unsure, was "I don't know." Of
the students who gave, this answer in their

predictions, 80 percent of them correctly found

the resistor.

Wire - Box A

Forty-one percent of the fourth graders and 69

percent of the eighth graders correctly found

the wire. When the wire was inserted into the

circuit, 71 percent and 82 percent respectively

perceived that the battery made light. Others

12 and 10 percent perceive the light to be

brighter, and still others (11 and 5 percent) saw

something else.

Battery - Box C

Forty-seven percent of the fourth graders and

65 percent of the eighth graders correctly iden-

tified the battery in box C. About one fourth of

the students at each grade level found the bat-

tery by connecting only the boxes and the bulb

without using the circuit board. The only box

that would light the bulb would be the battery

box. The second most common response for

Box C was the wire.

Overall Results

Twenty-eight percent of the fourth graders and

45 percent of the eighth graders correctly iden-

tified the contents of all the unknown boxes.

At the younger level, boys were generally more
successful than girls with 41 percent of the boys



succeeding in identifying the unknowns and 15 percent of

the girls doing so. This may be a result ofexperience; more

young boys indicated they experiment with electricity in

their play. At Grade 8, 51 percent of the boys and 37

percent of the girls correctly identified the contents of all

the unknown boxes.

It appears that at both grade levels, knowledge of how a

circuit works has no bearing on student performance in

identifying the unknown boxes. Less than half of the

students who correctly identified the unknowns had cor-

rectly described the flow of current through a circuit. At

the fourth grade level, 42 percent of the boys and 24

percent of the girlswho identified the unknowns were able

to correctly show the flow of electricity. At Grade 8, 48

percent of the boys and 33 percent of the girls who iden-

tified the unknowns correctly could describe the way

electricity travels on a circuit.

Eighty-five percent of the fourth grade boys who correctly

identified the unknowns had found the battery outside of

the circuit board by testing the unknown boxes with only

the light bulb. Compare this with 27 percent of the fourth

grade girls who correctly identified all four boxes and

found the battery outside the circuit board. At Grade 8,

58 percent of the boys who correctly identified the circuits

found the battery outside the board and 80 percent of the

girls did so. Students were not told specifically they had

to use the circuit board to find out the contents of the

unknown boxes, but because the administrator

demonstrated how to insert the unknown boxes into the

circuit board, there was an implied specification.

Observation Skills

This task was designed to evaluate process skills as well as

students' knowledge of electricity. For example, when

students tested the boxes, did they differentiate between

the brighter light from the box with the battery, the dim-

mer light from the resistor and the same light from the

wire? When testing Box C, the box containing the battery,

41 percent of the fourth graders and 45 percent of the

eighth graders said that the result was it made light. The

battery could have either made it brighter, or made it

dimmer, depending on how it was inserted into the circuit

Yet almost half at each grade did not perceive a change in

brightness. When the battery, wire, and resistor were

hypothesized simply "to make light," how then were stu-

dents to determine which was which? Many times stu-

dents said, "make light" but actually observed a

degree of brightness without articulating it

Recording and Using Predictions

We also noted whether students used the chart

to help them find the unknowns. There are two

separate areas to consider here. Did the stu-

dents use the chart to check if the effect of the

unknown boxes on the light was in accordance

with their predictions? For example, if a stu-

dent predicted that the light would get brighter

when the battery was inserted, did the student

use his/her own hypothesis to identify the un-

known? When a student made predictions that

were not confirmed, did the student reconsider

the predictions and try again? Or did the student

simply assign an identity to the unknown boxes

based on some other reasoning? We asked ad-

ministrators to record whether it was apparent

that the students used their prediction chart to

help them find out what was in the boxes. Sixty-

one percent of the fourth graders and 48 per-

cent of the eighth graders used the chart

according to the administrators. That some-

what more than half at Grade 4 and slightly less

than half at Grade 8 did so may not bode well

for the scientific method. However, it may be

that the nature of the task did not necessitate

going back to the written predictions to solve

the problem.

Careful checking is another aspect of the scien-

tific method. In this particular task, checking

the work would require re-inserting the un-

known boxes and observing the results. Here,

fourth graders fared slightly better than eighth

with 54 percent checking their results in con-

trast to 46 percent of the eighth graders.

Attitudes

Generally speaking, students were at ease using

the equipment Two fourth grade girls asked

whether they would "be electrocuted" if they

made a mistake, but most appeared comfortable

with the materials. The majority ofstudents (83

percent at Grade 4 and 92 percent at Grade 8)

worked cooperatively on the tasks. In more

..



than half the cases (58 percent at Grade 4 and 60 percent

at Grade 8) neither student dominated. Most proceeded

confidently toward a solution with fourth graders (73 per-

cent) acting slightly less tentative than eighth graders (69

percent). A large majority (91 and 93 percent respective-

ly) remained engaged with the task until completion.

Fourth graders (92 percent) were slightly more enthusias-

tic than eighth graders (84 percent).

Extension for Classroom Instruction

This exercise deals with the concept that a complete metal

circuit is needed for current to flow.

1

.

Use an opaque plastic tub with a press-on lid such

as a margarine tub.

2. Make eight holes (or more) around the side of the

tub.

3. Thread four wires (of the same color) through two

holes each. Knot the wires at the holes, either in

or out of the tub, in order to prevent tugging the

wire to find the other end.

4. Ask students to use the circuit board to find the

ends of the same wire.

An experiment very similar to discovering the contents of

the unknown boxes is described below.

1. Set up the same circuit board, leaving a gap

between two poles where students would insert the

items.

2. Among items to test could be: a brass rod, a steel

strip, the lead in a pencil, a piece of paper, a piece

of string, linoleum, lead, aluminum, rubber tubing,

plastic, plastic covered wire with and without the

ends bared, tin foil, and anything else that students

may want to experiment with.

3. Students should predict what they think will

happen with each of the items. Try to include items

that would surprise them such as pencil lead.

4. Students should keep a record of what

they test and whether or not the bulb

lights.

5. Then students should divide into

groups those materials that conduct
and those that don't conduct electricity

and develop a set of characteristics for

each.

6. This can lead to discussions of

conductors and insulators.

This exercise deals with series and parallel cir-

cuits.

1. Give students materials such as

batteries in battery holder, bulbs, and

extra wires. Have students use the

materials to familiarize themselves with

it by lighting one bulb in a series circuit.

2. Ask students to connect two, then

three, then four bulbs in a series circuit

as illustrated below. Make sure they

keep records of their observations of

the brightness of the bulbs and the time

the batteries last.

3. Ask students to find out the greatest

number of bulbs that can be lit with one
battery.

4. Next set up bulbs in parallel circuits.

Ask students to keep records of the

brightness of the bulbs and the time the

batteries last.

5. Try these two experiments with

batteries of different voltage. Ask
students to pay particular attention to

the intensity of light and see if they can

draw conclusions based on the

brightness.

These tasks were adapted from Learning Through

Science, published by Macdonald & Co. Ltd.



Much of the evaluation check-list noted below is similar to that used in the state-wide administration of the test

Observation U/N Comment/Example

Row of Electricity/Current

Continues around circuit

Converges at bulb

Flows in both directions on same wire

Elementary Circuitry

Lights bulb

Creates a series circuit

Creates a parallel circuit

Creates an open circuit

Electricity passes through bulb

Electricity stops at bulb

I don't know

Formulation of Hypothesis

Applies prior knowledge

Considers reasonableness of theory

Presents it clearly

Drawing Conclusions

Data confirms hypothesis
-

Data contradicts hypothesis

Checks data

Adjusts hypothesis
•

Arrives at appropriate conclusion

Uses data and hypothesis

Guesses

Approach to Problem Solving

Asks appropriate questions

Evaluates different approaches •

Uses careful and methodical procedures

Keeps accurate records

Checks results

Use of Equipment

Uses with ease

Uses properly

Asks for assistance when needed

Attitude

Works with other student(s)

Dominates other student(s)

Shows confidence about task

Remains engaged through completion

Appears enthusiastic
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