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Learning Objective
Through this activity, students experience STEM concepts as they design and compete with their jousting 
vehicle.

Activity Overview
Students are provided a variety of components that are used to design and construct a jousting vehicle 
powered by gravity. As they design their vehicle, students must consider the use of a lance as an offensive 
weapon and a shield as a defense. Each vehicle carries a small balloon that is the target for the joust. 
Students compete in an elimination tournament, rolling their vehicles down two opposite-facing ramps, 
attempting to break the opponent’s balloon while protecting their own balloon. The competition continues 
until all but one jouster is eliminated. The activity is designed for middle school students but is applicable at 
other grade levels.
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Teacher Tips
• The Gravity Jousting activity is intended to provide a fun experience in design engineering. There are many 

right solutions to this challenge; students should be creative when designing their vehicles. Input from 
teachers, aides, or other students should be a last resort. Students should determine their own designs.

• Students should work individually on their jousting vehicle. Supplies are provided to build 30 vehicles.
• To provide some STEM background, you can copy and distribute the Introduction and STEM connections 

to the students. You can connect these to core concepts that you have been covering in the classroom if 
desired.

• It is suggested that you discuss the design process, showing a design loop and explaining each step of the 
loop. The Engineering Design Loop Poster Set (Pitsco No. 60112) is a good resource for this.

• Explain the challenge to the students and pass out a copy of the design challenge “I Challenge Thee to 
a Joust!” to each student. Try to help students understand the challenge without the use of a sample 
jousting vehicle. Having an example of a built jousting vehicle will help students visualize the concept but 
also might hamper creativity.

• Discuss the materials that will be provided and provide information about what tools students will be 
allowed to use as well as any safety precautions about using those tools. 
Note: Straight pins are included in the materials but should be used with great caution – and only with 
student groups that will handle the responsibility well. Balloon contact with a straight pin has much 
greater potential for popping the balloon than contact with a toothpick or skewers.

• Consider using straight pins in a first jousting activity and then have students advance to designs that are 
more challenging because of the use of toothpicks and/or skewers as lances. 

• As time allows, students should be provided opportunities to test and make changes to their vehicles. 
This is an important part of the design loop – to observe the results of their designs and make changes to 
improve performance. Depending on their age, you might want them to make notes of their changes and 
provide ideas to explain why the changes might help the vehicles succeed in the joust.

• Additional tools and materials may be supplied if you like.
• Have students sketch their designs/ideas on the back of the “Gravity Jousting Worksheet.”
• During the jousting competition, be sure that participants and spectators all have safety glasses on in case 

of flying debris.
• This activity should have at least three hours available:

• One hour for providing an overview of the activity, content, and instructions.
• One hour for vehicle construction.
• One hour for the jousting competition.

If more time is available, you can either have students spend more time in the initial design and 
construction phase or repeat the activity with students modifying their vehicle prior to a second jousting 
competition.

• If desired, talk about potential energy in relation to where the vehicle starts on the ramp. An increase in 
potential energy will result in an increase in kinetic energy as the vehicle rolls down the ramp. The increase 
in kinetic energy will mean an increase in vehicle speed.
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The Basic Design Loop
The Gravity Jousting activity is an excellent opportunity for students to experience the design loop most 
engineers use in design projects:

1. Determine the problem.

2. Brainstorm solutions.

3. Select and construct your best idea.

4. Test your constructed solution.

5. Measure and observe how well your solution worked.

6. Go back to Step 1 and redesign your solution based on what you observed.

Note: Each time through the design loop is one iteration.

• Have students keep notes on the different steps as they work through their design solutions. They should 
provide sketches, note problems, write down observations, and record measurements – especially in the 
testing and measuring phases.

• Have students identify what they would have done differently in the design process. 
• If appropriate, have students take pictures of their jousting vehicles after the first iteration and any 

subsequent iterations that occur during the competition. Have students print the photos in order and 
write notes about differences in the vehicles.

• If desired, you can have students present short reports about how they worked through the design loop 
and, if available, show photos of the jousting vehicle and various modifications to it.
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The Jousting Arena
The best setup for a jousting arena is on a tile floor or a long countertop. 

1. Find a flat surface and place the center piece of the ramp in the middle of the jousting arena with the flat 
side facing down.

2. Make an L piece for the ramp by placing a leg piece into the notch on a ramp piece (Figure 1).

3. Line the L piece up with the center piece so the center lines on the track are aligned (Figure 2).

4. Repeat Steps 2 and 3 for the other side to complete the ramp construction (Figure 3).

The Arena Host can be you, a helper, or a designated student. The Arena Host will provide the countdown to 
each joust, and the drop of the Arena Host’s hand will signal the start of the joust. The Arena Host will also 
have the final say in regard to adherence to the rules and to any disputes that might occur. 

Set up a single-elimination bracket based on the number of students in the class. Be sure to go through the 
jousting rules prior to the competition. 

Figure 3

Figure 1 Figure 2
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Ye Olde Jousting Rules
1. The Arena Host will act as the magistrate and will have the final word on the winner of each round.

2. The Arena Host will determine adherence to the jousting vehicle specifications. Vehicles that do not meet 
specifications or are considered unsafe will be disqualified.

3. Jousters can choose the position on one of the opposing ramps from which to start their jousting vehicle.

4. Each jouster must have a fresh balloon that is filled to the proper length as designated in the criteria.

5. Jousters must start their vehicle down their ramp when the Arena Host drops his or her hand. Jousters 
must not provide any push to their vehicle – they must simply release the vehicle.

6. Modifications to the vehicle or to the position of the lance can take place before jousts – prior to placing 
their vehicle on the ramp. After the vehicle is on the ramp, it must remain as is until it is released.

7. To move forward in the competition, a jouster must break the opponent’s balloon but not allow his or 
her balloon to be broken. If no balloons or both balloons are broken, the round is repeated until only one 
balloon is broken. 

8. The safety of jousters and spectators is of utmost concern. Jousters, the Arena Host, and all spectators 
should be wearing safety goggles during every joust. Jousters and spectators should not engage in rowdy 
or boisterous play.

Activity Extensions
You may provide additional time for activities to extend or expand various STEM concepts for the students. 
Some extension activity ideas include:

Science Component – Thy Steed and Thy Speed
Have students explore the relationship between mass and velocity by determining which vehicles tend to 
do better in jousting competitions – lighter vehicles or heavier ones.

Technology Component – What Weapon Dost Thou Choose
Have students evaluate various materials for the lance and shield and determine the effectiveness of each 
material by evaluation of models made with those materials. Another extension is to have students record 
the jousts and view the video in slow motion to better determine what is happening in the interaction 
between the two vehicles. Additionally, students could use video-analysis software (such as Logger software 
from Vernier) to further analyze the joust.

Engineering Component – Once, Twice, Thrice, or More
The concept of design iterations provides a good extension within the Gravity Jousting activity. Students 
modify their initial designs and evaluate those changes through jousting challenges with other students. 
Careful notation within an engineering notebook of changes made will provide the students with a history 
of their design iterations and will indicate those that were most effective.

Math Component – Thy Shield Is Large, Unlike Thy Courage
Have students measure and calculate the area of various shapes that could be used for the opening in front 
of their balloons. 
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Gravity Jousting
Introduction
In medieval days (around the tenth through the 
fifteenth centuries), jousting became a popular 
sport among knights and other warriors as a way 
to distinguish themselves as mighty men of valor. 
The typical joust would involve two men, each on 
horseback and each with substantial armor, riding 
toward each other with long weapons known as 
lances. Each had the full intent of hitting the other 
rider with his lance and knocking him off his steed 
(horse). The winner (the one who remained on his 
horse) advanced in a jousting tournament until all 
other riders had been knocked off their horses. 

These jousting tournaments were held in arenas 
and were attended by fair ladies, knights, and nobility. Winning a jousting tournament would give a rider 
great honor, and substantial awards were provided as well. Those who won jousting tournaments were often 
known as “The King’s Champions.” 

In the early days of jousting, there were no barriers between the two horsemen, but as time went on, 
barriers of cloth and then timbers were used as safety precautions. Those who participated in the joust were 
often injured despite the heavy armor they wore. Eventually, more rules were implemented for jousting 
tournaments that would reduce the number of injuries from the sport. In 1292, the “Statute of Arms for 
Tournaments” was ordained by the king, and within those rules, all lances had to be blunt instead of sharp. 

While jousting declined rapidly with the advent of more advanced battle technology (muskets, cannons, 
and other weapons of warfare), jousting has been revived in recent years in the Renaissance community. At 
Renaissance festivals and similar events, jousting is done as a demonstration of medieval tradition. In other 
venues, participants can mount their horse, take up their lance, and head to the jousting arena for full-
fledged combat. 

In the activity that follows, you will be provided the opportunity to rise to the challenge and become “The 
King’s Champion” in a gravity jousting competition. The following information will be valuable in your 
quest for valor in the jousting arena. Your teacher might provide additional activities that provide further 
background and experience in the science, technology, engineering, and math involved in gravity jousting.
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Thy Science Connection
While the value of a jouster’s skill cannot be underestimated, there are several science-related properties at 
work in jousting that control the outcome as well.

Momentum
Momentum can be defined as a quantity expressing the amount of 
motion of an object and its resistance to slowing down. It is equal to 
the object’s mass times its speed. 

A large truck traveling at the same speed as a small car has greater momentum due to its larger mass. 
However, if a small car has a great enough speed (as compared to the large truck), the two could have an 
equal amount of momentum.

In jousting, the more momentum your jousting vehicle has, the greater the likelihood of it being successful 
in a joust. So to gain more momentum, you can increase the mass or increase the velocity of the vehicle. 

Kinetic and Potential Energy
Kinetic energy is the energy of motion, while potential energy is the energy of position. In the gravity joust, 
the vehicles are placed on ramps and roll toward each other for the joust. The higher up on the ramp the 
vehicle starts, the more potential energy it has. As the vehicle rolls down the ramp, the potential energy is 
converted to kinetic energy. So, the more potential energy there was to begin with, the more kinetic energy 
(and velocity) the vehicle has when it reaches the bottom of the ramp. And connecting back to momentum, 
more velocity at the bottom of the ramp means more momentum!

Collisions
Essentially, collisions of a jousting nature are termed partially inelastic collisions. Partially inelastic collisions 
involve the loss of some kinetic energy to friction, sound, or heat. These collisions are often marked by 
the deformation of the vehicle or attachments. This deformation can be seen as distortions, twists, bends, 
breaks, or misshaping of the vehicle or attachments. A portion of the kinetic energy of the vehicles was used 
in breaking, bending, or deforming one or both jousters.

Thy Technology Connection
Technology and medieval times don’t seem like they would have a 
good connection, but when you think about technology as tools and 
materials, there were certainly tools of the trade that were used in 
jousting!

The armor for knights was the most advanced technology of the era. 
Making suits from metal (with moving joints) was an incredibly difficult 
task. The metalsmiths with the skills to form these suits were rewarded handsomely. The knights also used 
shields during the joust. These shields were typically adorned with the 
knight’s family coat of arms and were intended to be strong enough 
to withstand the impact of the opponent’s lance at full gallop. 
 
And speaking of the lance, it was a marvel as well. Made from wood, it had a metal tip at the pointy end 
of the lance and was about nine to 14 feet long. It was intentionally heavy, so it could easily win the 
momentum battle in a jousting match.

Momentum = Mass × Velocity



9Gravity Jousting TG 41978 V0219

Thy Engineering Connection
Weapons (such as the lance) and defensive gear (such as the armor and shield) were designed and 
constructed by woodworkers and metalsmiths of the era. Much of their design was by trial and error at the 
expense of those who went into battle or into the jousting arena to try out the latest innovations. 

Some of the innovations were successful and brought about many changes for the 
good of both offensive and defensive battle gear. Suits of armor became articulated 
(composed of joints), which provided much greater flexibility in movement for the 
wearer. Chainmail armor was an innovation that provided better protection from 
sword cuts. Lances became metal tipped to keep the lance from shattering on 
impact. 

There were many innovations for shields during the medieval period, moving 
from wooden shields to metal shields (the first were so heavy that two hands were 
required) to various shield shapes dependent on the nature of the battle or joust. 
Infantrymen used very different shields from those on horseback. And speaking of 
horseback, another medieval innovation was horse stirrups, which allowed the riders 
to have more leverage to be able to handle weightier shields and armor.

You will have many design options using the available materials. 

Thy Math Connection
Math has been a tool through the ages, including the medieval period. Calculations of velocity and 
momentum, measurements of lengths and angles, and considerations of proportions of jousting 
components are all ways that math can be used in connection with jousting. 

In this activity, you will need to be able to determine dimensions that will provide an area of four square 
centimeters to meet the criteria for your jousting vehicle. Here are some formulas for the area of various 
geometric shapes. Which shape might be the best fit for your jousting vehicle?
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I Challenge Thee to a Joust!
An Engineering Design Challenge

Thy Design Challenge
Design and construct a jousting vehicle that will pop the balloon of your opponent while protecting its own 
balloon.

Thy Materials
The jousting vehicle must be constructed from materials included in the Gravity Jousting Starter Pack or 
materials designated by your instructor. The Gravity Jousting Starter Pack includes:

• Corrugated plastic sheet
• Axle bushings
• Plastic wheels
• Steel axles
• Index cards
• Modeling clay
• Round toothpicks
• Red and white straws
• Bamboo skewers
• Foam blocks
• Water balloons (without water)
• Sandpaper

The following items may be used but are not required or included in the pack:
• Cellophane tape
• Masking tape
• Hobby knife or other cutting tool provided by your instructor

Note: Your teacher may provide other materials and tools.
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Jousting Vehicle Criteria
1. Your jousting vehicle must be constructed only from provided materials.

2. Your jousting vehicle must carry the provided water balloon (filled only with air) that has been inflated to 
at least 12 centimeters long.

3. There must be one unobstructed area directly in front of the balloon. This area must provide at least four 
square centimeters of clear space for the opponent’s jousting lance to strike your balloon.

4. Your balloon must be securely attached to your vehicle. It cannot move freely.

5. The minimum height of the unobstructed area (as measured from the surface the vehicle is sitting on) will 
be three centimeters. 

6. The maximum height of the unobstructed area (as measured from the surface the vehicle is sitting on) 
will be 12 centimeters.

7. All components of your vehicle must be securely attached to the vehicle for safety purposes.
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Ye Olde Jousting Rules
1. The Arena Host will act as the magistrate and will have the final word on the winner of each round.

2. The Arena Host will determine adherence to the jousting vehicle specifications. Vehicles that do not meet 
specifications or are considered unsafe will be disqualified.

3. Jousters can choose the position on one of the opposing ramps from which to start their jousting vehicle.

4. Each jouster must have a fresh balloon that is filled to the proper length as designated in the criteria.

5. Jousters must start their vehicle down their ramp when the Arena Host drops his or her hand. Jousters 
must not provide any push to their vehicle – they must simply release the vehicle.

6. Modifications to the vehicle or to the position of the lance can take place before jousts – prior to placing 
their vehicle on the ramp. After the vehicle is on the ramp, it must remain as is until it is released.

7. To move forward in the competition, the jouster must break the opponent’s balloon but not allow his or 
her balloon to be broken. If no balloons or both balloons are broken, the round is repeated until only one 
balloon is broken. 

8. The safety of jousters and spectators is of utmost concern. Jousters, the Arena Host, and all spectators 
should be wearing safety goggles during every joust. Jousters and spectators should not engage in rowdy 
or boisterous play.
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Thy Procedure
1. Begin the construction of your vehicle by building a chassis, using 

the corrugated plastic, axle bushings, and wheels.

2. Deburr the axles by brushing the ends against sandpaper. This will 
make it easier to push the axles into the wheels.

3. Find the four axle bushings. Pick up the chassis plate and look 
at its side. Notice it is corrugated and there are holes along both 
long sides. Count two holes back from one end. Place one of the 
axle bushings in that hole. Do the same on the other side of the 
plate (Figure 1). The two axle bushings should be parallel. This is 
where the axles will go.

4. Repeat Step 3 for the rear axle (Figure 2).

5. Push an axle into one of the front wheels (Figure 3). Slide this axle 
through the front axle bushings. Push the other front wheel onto 
the free end of the axle (Figure 4). Make sure the parts are not too 
tight. Repeat this for the rear axle bushings.

6. After the chassis is built, sketch three or four designs for your jousting vehicle on the 
worksheet. Illustrate how you might use provided components to build defensive 
structures (such as shields) and offensive weapons (primarily the lance) on top of your 
chassis. Keep in mind the vehicle criteria as you determine a way to build your mighty 
steed.

7. Also keep in mind the science, technology, engineering, and math concepts you read 
about. Consider how these concepts can help you be victorious with your jousting 
vehicle.

8. Determine which of your designs might be the best option for this 
competition. 

9. Construct your vehicle based on the design you choose. 

10. If your instructor provides the opportunity, test your vehicle against 
someone else’s in the jousting arena. 

11. Participate in the jousting competition as directed by your instructor. 

12. Complete the “Gravity Jousting Worksheet.”

Figure 1

Figure 2

Figure 4

Figure 3
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Gravity Jousting Worksheet

Design Considerations
Use the back of this sheet to sketch different ideas for your design. 

Consider the following as you sketch and decide which design to use:
• How the parts fit together to create a sturdy steed
• How the components attach to the chassis
• How shields are placed to protect the balloon
• How light or heavy you want your vehicle
• How your lance might be aimed, or how the aim can be changed easily

Questions (to be completed after the jousting competition)
1. From observing all the jousting vehicles in the competition, what do you think was the biggest factor for 

a successful jousting vehicle?

2. What modifications would you make to your vehicle if you had the opportunity to compete again?

3. What type of energy was present when the vehicles were at the tops of the ramps waiting to be released? 
A. potential 
B. kinetic

4. What type of energy was present as the vehicles rolled off the ramps?
A. potential
B. kinetic

5. If two vehicles of different masses are traveling at the same speed, which has the greater momentum?
A. the lighter vehicle
B. the heavier vehicle
C. Neither; the momentum is the same for both vehicles.
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HAVE QUESTIONS?

There are a variety of ways
 to get in touch with us:

 
Call us at 800-358-4983.

Email us at orders@pitsco.com.
Chat with us on Pitsco.com/support.


