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Introduction
In this hands-on activity for 5th – 7th graders, you will be
● designing and making a toy with wheels,
● testing the toy, and
● learning about circles.
Some of the design work can be done on TinkerCad. View this activity digitally or print for
oﬀline viewing.

Math in this Activity
Measurement of length in problem solving
The parts of a circle, their definitions, and relationships with each other, including:
radius, diameter, circumference
● 𝜋 (pi) as the mathematical constant that relates the diameter and circumference of a
circle
These circle topics meet 7th-grade standards. Measurement of length can be adapted for
diﬀerent middle-grade levels. For younger students, you can skip the More Math about
Circles section which explores 𝜋 (pi).
●
●

For Grown Ups

For Children

This packet includes activities for making
and math, for you and your kids to do
together or for your kids to do on their own.
You don’t have to know the math in
advance. Be open to exploration, and ask
questions such as “How did you do that?”
and “How do you know?”

Gather the following materials and get
ready to make a toy. Along the way you’ll
learn a bit of math. If you get stuck on any
step, take a breath and try again. It’s okay if
you need to restart and use more materials.
Good luck and have fun!
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Gather Materials
●
●
●
●
●
●
●
●
●

Corrugated Cardboard (boxes are often made from this thick cardboard with layers)
Drinking Straws (or wood dowels or skewers, for wheel axles)
Strong tape (packing tape, electrical tape, or masking tape)
Scissors (or serrated knife with help from a grown-up)
Pencil or pen
Ruler marked in centimeters (cm)
Push pin
String
Optional: Paint and markers

Design Your Toy
Collect ideas
Choose a child you will make the toy for.
Find out:
● What kinds of moving toys do they
like? Cars? Trains? Planes?
● What kinds of animals? Do they have
a favorite?
● What are their favorite colors?

Design on paper
● Use scrap paper.
● Sketch out diﬀerent ideas together.
● What does the body of the toy look like?
● What size is the body?
● Where do the wheels go?
● What size are the wheels?

©TERC 2020

Design Requirements for Toy
● The body can be narrow or wide
● The wheels must have a radius of 3
centimeters or less.
● The axle must be long enough to go
through the body and the wheels, with
room for tape on both sides.
● Your toy may have 2, 3, 4 or more
wheels, but it must stay upright and
roll.
The radius of a circle is
the length from the
center of the circle to
anywhere on the edge
of the circle.
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Practice Making Circles
Before you make the wheels, you need to learn to make a circle. Practice making diﬀerent
size circles using the instructions on the next pages. When you’re ready, make a circle that
has the radius of the wheels you want for your toy.

Diﬀerent Ways to Make a Circle
You can use a pushpin with a pencil and string to make circles of diﬀerent sizes. If this is
too hard, you can find an circular object of the size you want and trace it on paper. Some
examples you can find around the house are plates, cups, lids, toilet paper tubes, and
bottle caps.

Make a Circle
with String

Make a Circle
with a Round
Object

Make a Circle with String
Step 1: Place the paper on cardboard
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Step 2: Cut a piece of string that’s about the
width of the paper.
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Make a Circle with String (continued)
Step 3: Tie string to pen with double knot.

Step 4: Make a knot at the other end.

Change the knot position to change the radius
of the circle.

Step 5: Press pushpin through knot into
center of paper.

Step 6: Keep the string taut to draw an even
circle.

Step 7: Cut out the circle.
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Make a Circle with a Round Object
Step 1: Place the round object on paper

Step 2: Press down gently on object and
trace around it.

Step 3: Cut out the circle.

Make the Toy
Overview
1.
2.
3.
4.
5.

Draw a circle with radius
Make templates for tracing on
cardboard
Trace on cardboard and cut out
Put the pieces together
Test the toy
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Draw a Circle with Radius
Use your experience in making circles to draw a circle of a specific radius for the wheels.
Make sure the wheels have a radius of 3 centimeters or less, according to the design
requirements.
The radius is the length of the string from
the center of the circle to the outer edge
of the circle. When you draw a circle with
the string, you are moving the radius
around the center.

Make Templates for Tracing on Cardboard
Step 1: Measure and plan the toy body

Step 2: Draw the toy body

The bottom of the toy should have enough
space for two wheels and space between
the wheels.

Step 3: Cut out the wheel
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Step 4: Cut out the toy body
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Trace on Cardboard and Cut
Step 1: Trace the toy body on cardboard

Step 2: Trace 4 wheels on cardboard

Step 3: Cut to separate the toy body and
wheels

Step 4: Cut to separate the wheels

Step 5: Cut out the wheels

Step 6: Cut out the toy body

Step 7: Cut two rectangular strips for the
wheel base

Step 8: Poke holes in the middle of the
wheels.

Use sharp scissors or a pointed object. Get
an adult to help if you’re stuck.
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Trace on Cardboard and Cut (continued)
Step 9: Line up the wheels on the wheel
base and mark where they will go

Step 10: Poke holes through the wheel base

Step 11: Mark and poke holes through the
toy body

Step 12: Mark and poke holes on the other
wheel base

Step 13: Plan length for the wheel axle

Step 14: Cut axle to correct length

Step 15: Cut a second axle of the same
length
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Put the Pieces Together
Step 1: Push axles through holes

Step 2: Make the holes bigger for the axles

Step 3: Wrap tape around the 4 ends of the
axles

Test the Toy
Test the wheels to make sure they spin

Try it on a rug or rough surface.

●
●
●
●

Give the toy to a young child to play with.
See how it works and how they like it.
What would you do diﬀerently next time?
Make another toy, if you have enough materials.
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Design Wheels in Tinkercad
Step 1: Go to Shape Generators > All

Step 2: Look for the wheel shape

Step 3: Drag the wheel shape onto the
workplane

Step 4: Hover the cursor over a square point
to edit the wheel dimensions in millimeters

What is the diameter of your toy wheel?
What is the diameter in millimeters?
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Design Wheels in Tinkercad (continued)
Step 5: Check out the diﬀerent hub styles

Step 6: Try a diﬀerent rim style

Step 7: Change the bore hole radius

Step 8: Update the wheel dimensions
because they have changed from other
edits
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Design Wheels in Tinkercad (continued)
Step 9: Change the size of the tire width

Step 10: Check the wheel dimensions

Math about Circles
In the previous section you designed and
explored wheels in Tinkercad. These
wheels may look like a perfect circle, but
they are not. The edges are made up of
small line segments. You can see this
better if you use the Tire shape in
Tinkercad. Here are some shapes made
with the Tires shape to help you explore
math about circles.
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Math about Circles (continued)
On a piece of paper, draw 3 circles of diﬀerent sizes. Use any method you like.

Use your circles to fill in the following:
Estimate the length of the diameter and radius for each circle.
Small circle: Radius______ Diameter______
Medium circle: Radius______ Diameter______
Large circle: Radius______ Diameter______
What is the relationship between the radius and the diameter of
each circle?
The diameter is ______times the radius.
Is that true for any circle?___Talk about it: Why do you think so?

©TERC 2020

The diameter is a
line segment that
goes across a circle
and through its
center.
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More Math about Circles
Use your string to estimate the length of the circumference of each
circle in Math about Circles. Use a ruler to measure the string.
Small circle circumference: ______
Medium circle circumference: _____
Large circle circumference: _____

The circumference
of a circle is the
distance all the way
around the circle.

Estimate the relationship between the circumference and the diameter
for each of the three circles:
The circumference is approximately ______ times the diameter.
Is that true for any circle? _____ Talk about it: Why do you think so?

There is a special number that always relates the circumference of a circle and its
diameter. You estimated it when you measured the circles with string. The number is π (say
“pi” with a long i).
Fill in C (for circumference) and d (for diameter) in the following formula: ___= π•___
π is an irrational number. That means that its digits to the right of the decimal point never
form a repeating pattern. We can use estimates of π when finding the circumference and
area of a circle. Two common estimates for π are 3.14 and 22/7. But neither is exactly π.
This is π with many digits. Notice how they do not form a repeating pattern. (How can you
check?) There are infinitely many more digits of π.
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Practice and Connect

This picture shows one full rotation of a wheel as it rolls over a rug on the floor. Try it
with your toy.
1.

If the wheel makes one full rotation, how far will your toy go?

2.

If the wheel makes three full rotations, how far will your toy go?

3.

You make a toy that is larger than your original toy. The radius of the wheels for the
new toy is twice as long as the wheel of the original toy. Figure out how far your
new toy will go with one full rotation of its wheels. Think about how you answered
question 1 to help you.

4.

You want to make a toy with wheels that can go about 15 cm with one full rotation
of the wheels. Figure out the size of the wheels you should make.
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Answer Key
Math about Circles (page 14)
Measures
Radius and diameters depend on the circles you draw. For example,
● Small circle: Radius 1.5 cm Diameter 3 cm
● Medium circle: Radius 2.3 cm Diameter 4.6 cm
● Large circle: Radius 3 cm Diameter 6 cm
What is the relationship between the radius and diameter of each circle?
● The diameter is 2 times the radius.
Is that true for any circle? Talk about it: Why do you think so?
●
●

Yes
Because the diameter goes through the center, it is made up of two radii that start in
the center. These radii are the same length. So a diameter has to be twice as long as a
radius. This will be true no matter what size the circle is, because you can draw a
diameter and two radii that make it up.

More Math about Circles (page 15)
Use your string to estimate the length of the circumference of each circle in Math about
Circles. Use a ruler to measure the string. For example,
● Small circle circumference: 9.4 cm
● Medium circle circumference: 15 cm
● Large circle circumference: 19.8 cm
Estimate the relationship between the circumference and the diameter for all three circles:
● The circumference is approximately 3 times the diameter.
Is that true for any circle?
● Yes
Talk about it: Why do you think so?
● There is nothing special about the small, medium, and large circles I measured. We
could have picked any circle to measure. So the relationship is probably true for any
circle.
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Answer Key (Continued)
Practice and Connect (page 16)
1.

2.

3.

4.

If the wheel makes one full rotation, how far will your toy go?
○ For example, if you use 3cm as the radius of your wheels: The distance the toy
goes will be the same as the circumference of a circle. In the case of one full
rotation, using the equation C=2•𝜋•r, you get 2 x 3.14 x 3 cm, so the distance is
approximately 18.84 cm.
If the wheel makes three full rotations, how far will your toy go?
○ For example, if you use 3cm as the radius of your wheels: If the wheels make
three full rotations, the distance the toy goes is 3 times further than the
distance it goes for one full rotation. This is 3 times the circumference of the
wheels, so 3 x 18.84 cm from the previous answer, which is approximately
56.52 cm.
You make a toy that is larger than your original toy. The radius of the wheels for the
new toy is twice as long as the wheel of the original toy. Figure out how far your new
toy will go with one full rotation of its wheels. Think about how you answered
question 1 to help you.
○ For example, if you use 3cm as the radius of your wheels: Since the radius of
the wheels of the new toy is twice as long, it is 2 x 3 cm, so 6 cm in radius. The
distance the new toy goes in one full rotation would be using the
circumference equation again, C=2•𝜋•r, you get 2 x 3.14 x 6 cm, so the distance
is approximately 37.68 cm. Some students may notice that if the radius is
twice as long, the circumference also becomes twice as long. Therefore the
distance the new toy covers in one full rotation will be twice as long as the
distance covered by the original toy.
You want to make a toy with wheels that can go about 15 cm with one full rotation of
the wheels. Figure out the size of the wheels you should make.
○ For example, if you use 3cm as the radius of your wheels: From the previous
problems, students learned that when a toy goes for one full rotation, it is the
same as the circumference of the wheel. So, if the toy goes 15 cm for one full
rotation, the circumference of the wheels is also 15 cm. So what is the radius,
r, in the equation 15 = 2 x 3.14 x r? It is approximately 2.39 cm.
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About MPACT
MPACT is made possible by
an Education Innovation
and Research grant by the
U.S. Department of
Education to develop and
implement a program
bringing the exciting and
ever-more-broadly-used
technologies of 3D modeling
and printing to middle
schoolers in 50 classrooms.
90% of MPACT’s funding
comes from the EIR. 10%
comes from our generous
donors—including the gift of
your time.
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