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What’s in this 
booklet?
This STEM Innovator’s Guide includes 
five activities that will get you 
building a catapult and innovating on 
this ancient technology.

The invention of the 
catapult can be traced 

back to the fourth and fifth 
centuries BC. The ancient Greeks, 

Romans, and Chinese each had their 
own versions that resembled large 

crossbows. 

Credit: sites.google.com/site/
physicsofcatapults/home/

history-of-catapults 

Did you 
know?



All About Inventions
OK, maybe not all, but enough to get us started. 

When engineers consider improvements to an existing product (an innovation), they use the 
engineering design process. It looks like this:

The process goes through several steps that enable engineers to go from an idea to a completed 
design. Sometimes engineers go around the loop several times as they modify their prototype and 
test it to see how it works.

 You should go through a similar process as you innovate your prototype.

What’s the problem?
Ask questions.

How can I make it 
better?
Make your solution 
better!

What happens when I 
test my solution?
Let’s test my solution!

What steps will I take to 
solve my problem?
Choose a solution & 
develop a plan.

How can I solve this problem?
Brainstorm possible 
solutions and share ideas.

 ACTIVITY 1
Basic Construction

Catapults have gone through a number of 
innovative changes throughout their history. 
In this activity, you’ll build a basic catapult. 
In later activities, you’ll perform experiments 
with this catapult so you can innovate your 
own catapult.

did you know?
The word catapult comes 

from the ancient Greek word 
katapeltēs which is two words 
– kata means against a wall 
or through armor, and peltēs 

means to toss or hurl. 



LET’S MAKE
Gather Your Supplies

So we can, you know, do this thing!

EZ Catapult kit  

Not included: Safety glasseS

 Step 1 
Pop out all the circular pieces from the card stock base and arm.

 Step 2 
Bend the catapult base along the scored lines. The left and right 
sides of the base should bend up toward each other. Slightly bend 
the scored lines at the top of the base away from each other. Press 
the sides together.

 Step 3 
On the catapult arm, slip one end of a rubber band through the 
bottom hole and put the other end of the rubber band through 
the loop made in order to tie a knot. Repeat this process with the 
second rubber band using the same hole.

note: When bending the card stock, make sure to 
bend it only one way.



 Step 4 
There are two locations for the catapult’s tension pin. Near the 
back of the base, insert the dowel rod through the first hole. Then, 
put the dowel through both loops made at the ends of the rubber 
bands. Finally, slide the dowel through the other side of the base. 
Secure the dowel rod with an O-ring on each side of the base.

 Step 5 
There are three locations for the catapult’s pivot pin. Hold the 
catapult arm between the two sides of the catapult base. Align the 
open hole on the catapult arm with the holes closest to the front 
on the catapult base. Slide the pivot pin through the holes. Secure 
the pivot pin with an O-ring.

 Step 6 
To fire the catapult, place a pony bead over the post at the end of 
the catapult arm and then pull the arm back and release.

note: The pony bead should sit loosely on the post. 
If the pony bead fits too tightly, it will not fire.

 THINK ABOUT IT
Ask the Question

Because understanding the why is important.

Does this catapult pose 

any safety concerns?What are the 
weaknesses of this 
catapult design?

What are the strengths of this catapult design?

 ACTIVITY 2
Angle of Attack



 ACTIVITY 2
Angle of Attack

Catapults aren’t known for 
having pinpoint accuracy. 
That’s because several factors 
can affect how far a catapult 
can launch a projectile. In this 
activity, you’ll investigate how 
the drawback angle affects the 
distance the projectile flies.

did you know?
Punkin Chunkin is an annual competition held every fall. 
In the Catapult division, teams must design and build a 

catapult to toss a pumpkin the farthest distance. In 2019, 
a catapult named Chunk Norris set a world record 

by throwing a pumpkin 4,091 feet at speeds 
of almost 450 miles per hour. That’s more 
than three-quarters of a mile at more 

than half the speed of sound!
Credit: PunkinChunkin.com/

registeredmachines/chunk-norris/

LET’S MAKE
Gather Your Supplies

So we can, you know, do this thing!

Built EZ Catapult  

Pony beads  
Transparent tape 

Not included: Safety 
glasses, Scissors, tape 
measure or ruler, and 

Protractor

 Step 1 
To measure the drawback angle of the 
catapult’s draw arm, you’ll need a protractor. 
If you don’t have one, cut out the protractor in 
the back of this guide.



TIP: It might be helpful to tape the protractor in place so you don’t have to hold it. 
However, if you do this, make sure that you can easily remove the protractor. In later 

activities, you’ll need to remove the pivot pin for the catapult arm.

 Step 2 
Place the catapult on a flat surface with plenty of room to launch pony beads down range.

 Step 4 
Measure the distance from the front of the catapult to where the bead landed. Record the distance in the 
following table. Complete two more trials.

 Step 5 
Repeat Steps 3 and 4 for each of the angles shown in the data table.

 Step 6 
Calculate the average of the three trials for each drawback angle. Record the average in the data table.

 Step 3 
Place a pony bead on the post of the arm. Use 
the protractor to draw the catapult arm back to 
120 degrees. Release the arm and note where the 
pony bead lands.

To measure the drawback angle, place the center 
point of the protractor at the pivot point (or 
fulcrum) of the draw arm. Make sure the bottom 
of the protractor is parallel to the ground or 
table.

Angle Trial 1 Distance Trial 2 Distance Trial 3 Distance Average 
Distance

120°

130°

140°

150°

160°

170°

180°



 Step 7 
Graph the relationship between the drawback angle and the average distance the projectile flew. Plot 
your independent variable (drawback angle) along the x-axis and the dependent variable (average 
distance) along the y-axis. Plot each point on the graph.

 Step 8 
Look at the pattern of points on your graph, and, depending on the shape of your graph, draw a 
straight line or a smooth curve through the points to represent the relationship between drawback 
angle and projectile distance. Your line (called a trend line) should start at the origin (where the x- and 
y-axis intersect) and extend to the right side of the graph. 



Note: Interpolation is the process of estimating 
unknown points of data that fall between known data 
points. You are interpolating when you use your graph of 
known data to estimate the launch distance for the 

angles shown in the table.

Angle Estimated 
Distance

125°

145°

175°

 Step 9 
Use your graph to estimate the distance the pony bead would travel for the angles shown here.

 Step 10 
Use your catapult to check your estimated distances for those three angles.

 THINK ABOUT IT
How could you 

improve the 
accuracy of your 

estimates?

Why would it be important for 

catapult operators to be able 

to estimate the distance a 
projectile would fly? 

What other factors 

besides drawback angle 

would affect distance?

Were your estimates accurate? Why or why not?

Ask the 
Question

Because understanding 
the why is important.

 Activity 3 
Banding Together



 Activity 3 
Banding Together

The range of a catapult is also affected by tension force, 
or the force applied to the arm to accelerate the projectile 
forward. In this activity, you’ll experiment with how the 
tension force can be manipulated to predict the launch 
distance of the catapult. You’ll change the tension force 
applied to the catapult arm by changing the number of 
rubber bands used to accelerate the arm forward.

LET’S MAKE
Gather Your Supplies

So we can, you know, do this thing!

Built EZ Catapult  

Pony beads  

5 thin rubber 
bands (1/16")

Not included: Safety 
glasses, Scissors, and tape 

measure or ruler

 Step 1 
Remove the O-ring that holds the pivot pin in place and remove 
the pivot pin. Then, remove one of the O-rings that holds the 
tension pin in place and remove the dowel. This should let you 
remove the catapult arm from the base.

 Step 2 
Remove one of the rubber bands from the catapult arm so that 
there is only one rubber band.



Number 
of Rubber 

Bands
Trial 1 Distance Trial 2 Distance Trial 3 Distance Average 

Distance

1

2

3

4

 Step 3 
Replace the catapult’s tension pin by inserting the dowel rod 
through the first hole. Then, put the dowel through the rubber 
band. Finally, slide the dowel through the other side of the base. 
Replace the O-ring that holds the tension pin in place.

 Step 5 
Place the catapult on a flat surface with plenty of room to launch pony beads down range. 

 Step 6 
Place a pony bead on the post of the arm. Use the protractor to draw the catapult arm back to 180 
degrees. Release the arm and note where the pony bead lands. 

 Step 7 
Measure the distance from the front of the catapult to where the bead landed. Record the distance in the 
following table. Complete two more trials.

 Step 4 
In this activity, you will add more tension to the catapult. As the 
beads fly farther distances, it can become difficult to tell where 
they land, making it hard to accurately measure the flight distance. 
For this activity, we’re not interested in maximum distance. So, to 
reduce the distance and make it easier to measure, you will use the 
middle hole for the fulcrum of the catapult arm.

Hold the catapult arm between the two sides of the catapult base. 
Align the open hole on the catapult arm with the middle hole of 
the catapult base. Slide the pivot pin through the holes and secure 
it with an O-ring.

Note: At maximum tension, the EZ Catapult can launch pony beads upward of 35 feet.



 Step 11 
Graph the relationship between the number of rubber bands (independent variable) and the average 
distance the projectile flew (dependent variable). 

As you create the scale for the x-axis, leave some empty space on the right side of the graph. Leave 
enough space to plot a point for a catapult with five rubber bands. Later, you will use your data to 
estimate the launch distance for five rubber bands.

 Step 8 
Remove the catapult arm and tension pin. Add a second rubber 
band to the arm. Then, replace the catapult tension pin and arm.

 Step 9 
Repeat Steps 6-8 to create and launch catapults with two, three, and then four rubber bands. Conduct 
three launch trials for each catapult and record the flight distances in the data table.

 Step 10 
Calculate the average of the three trials for each number of rubber bands. Record the average 
distance in the data table.



Note: Extrapolation is the process of estimating 
unknown points of data that extend beyond the known 
data points. You are extrapolating when you use your 

graph of known data to estimate the launch distance 
for a catapult with five rubber bands.

 Step 12 
Look at the pattern of points on your graph. Depending on the shape of your graph, draw a trend line 
through the points to represent the relationship between the number of rubber bands and projectile 
distance. Your line should start at the origin (where the x- and y-axis intersect) and extend to the right side 
of the graph. 

 Step 13 
Use your graph to estimate the distance the pony bead would travel using five rubber bands. Record your 
estimate here.

Number 
of Rubber 

Bands

Estimated 
Distance

5

 Step 14 
Add a fifth rubber band to your catapult. Then, check your 
estimated distance.

 THINK ABOUT IT
Ask the Question

Because understanding the why is important.

 Activity 4 
Innovative Design

Was your estimate 
accurate? Why or 

why not?

What forces act on the pony bead as it is launched and as it flies through the air? 

Which of these forces 

can be manipulated 

to affect the bead’s 

flight and how?



 Activity 4 
Innovative Design

Now that you’ve had some basic experience with catapults, it’s time to 
innovate your own. Remember that innovation is about improvement. 
In this activity, you’ll use what you’ve learned to design and build your 
own catapult. The engineering design process will be your guide – your 
goal is to create a catapult that can launch a Ping-Pong ball.

LET’S MAKE
Gather Your Supplies

So we can, you know, do this thing!

Paper clips

Toothpicks

Chipboard* 

Built EZ 
Catapult  

Ping-Pong ball

Not included: Safety glasses, tape measure or ruler, Scissors or hobby knife, 
Small dowels, and other common items to use in building your catapult

*Item can be found in another kit in the innovator box and can be used for multiple activities.

Rubber bands Transparent 
tape

Glue



 Step 1 
Innovators often use the engineering design process (EDP) to innovate a prototype or product. The first 
step of the EDP is asking questions. Write out questions that you have for innovating and improving your 
catapult. 

 Step 2 
The Imagine step of the EDP is about brainstorming ideas for solutions to the problem. No idea is too big 
or too small. Even crazy ideas can lead to successful solutions to the challenge. Brainstorm as many ideas 
for solutions as you can and try not to judge ideas right now.

Criteria and Constraints
The catapult must:

• Be at least twice as tall as the EZ 
Catapult.

• Be able to launch a Ping-Pong ball.

• Be able to be adjusted to achieve 
different launch distances. 

• Have at least one improvement over the 
EZ Catapult.

• Be able to stand up to repeated use.

• Be constructed from the items in your 
kit and other items that you have 
permission to use.

Brainstorming Ideas

Questions that Need Answers
Example: What size should my catapult be? What’s the problem?

Ask questions.

How can I make it better?
Make your solution better!

What happens when I test my solution?
Let’s test my solution!

What steps will I take to solve my problem?
Choose a solution & develop a plan.

How can I solve this problem?
Brainstorm possible solutions and share ideas.



THINK ABOUT IT

 Step 3 
The Plan step is where you evaluate your ideas and choose the best ideas to carry forward. Planning 
involves identifying materials you will need and creating designs of your prototype. Design your catapult 
by creating sketches. Be specific in your planning and keep the criteria and constraints in mind.

Plan

Note: 
Make sure 

to follow the 
criteria and 
constraints 

of the 
project 
as you 

create your 
prototype. 

Note: 
You will 

use your 
innovated 
catapult 

for the next 
activity.

 Step 4 
The Create step of the EDP is where you build your prototype. Use your plan as a guide to create a 
prototype of your innovated catapult.

 Step 5 
The Improve stage of the EDP is about testing your prototype, gathering and analyzing data from 
your tests, and using that data to make improvements. This is what innovation is all about. Test your 
catapult by launching the Ping-Pong ball and look for ways to make improvements. 

 Step 6 
After you identify improvements to make, go back through the EDP loop again to 
implement those improvements. Continue cycling through the EDP until you are 
sure your catapult meets the criteria and constraints of the project and you are 
satisfied with your catapult’s performance.

What was the 
most difficult part 

of the catapult to 
build?

If you weren’t limited by time 
and materials, what other 

improvements could you make 
to your catapult?

Does your catapult 
meet the criteria and 

constraints of the project?

Are there any safety concerns with your catapult?

Ask the 
Question

Because understanding 
the why is important.



 Activity 5 
A Stone’s Throw

Today, catapults and castle sieges are a thing of the past. But lots of 
innovators have created successful products by making old things 
new again. In this activity, you’ll create a game using your innovated 
catapult.

Toothpicks

Transparent 
tape

Chipboard* 

Built EZ 
Catapult  

Paper clips

Not included: Safety glasses and Other common household items to use to 
create your game

*Item can be found in another kit in the innovator box and can be used for multiple activities.

Innovated 
catapult 

Rubber band

Glue

 LET’S MAKE
Gather Your Supplies

So we can, you know, do this thing!



1
2

4
3

5
6

7
8

Identify what materials you have available to build your catapult game.

Create a game objective. What must a player do to win the game?

Create a prototype of your game by creating or finding any other 
game pieces needed to play the game.

Create rules for your catapult game. Make sure your rules are specific 
so players know what they can and can’t do. 

Test your game by playing it. As you play, think about ways players 
could possibly bend the rules or cheat. Also, think about ways you 
could improve the game to make it more fun.

Continue to test and make improvements to your game until you are 
satisfied with the final version. 

Create a name for your game.

Play the game with a friend or family member.

THINK ABOUT IT
Ask the Question

Because understanding the why is important.

Is there a way to change 

the difficulty level of your 

game for beginner and 

experienced players?What makes 
a game fun?

What is the age range for your 
game?



Bonus Challenge! 
Create a box that holds all 

the pieces of your catapult 

game. The box should include 

graphics and information 

about the game to 
encourage people to 

purchase it.

Show off what you made!  
Tag #BuiltwithPitsco on social.



Appendix



 notes





But wait, there’s more!
More learning, more resources, more activities, and more giveaways.

Visit Pitsco.com/STEMatHome.

@ HOME

SCAN MESCAN ME  
with your 

phone 
camera.


