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NASA Engineering Design Challenges

Spaced out Sports
Develop a game for play in microgravity aboard the 

International Space Station.

Forces and Motion
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Introduction Video

Watch the introduction video to the challenge. 

Video Link

https://www.youtube.com/watch?v=lAEtVB2t8eU&list=PLiuUQ9asub3QWTlo2mvYo7b3E1l18MgDP&index=8
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Engineering Design Process (EDP)

Directions for the Students: Can you determine the 

sequence that engineers take to make a completed design? 

On your own, try to label the steps of the Engineering Design 

Process. Put the rest of the steps below in order based on the 

two that have already been filled in for you.

• Identify the Need or Problem

• Select the Best Possible Solution(s)

• Construct a Prototype

• Communicate the Solution(s)

• Research the Need or Problem

• Develop Possible Solution(s)

• Test and Evaluate the Solution(s)

• Redesign

Step 1. 
Identify the 

Need or 
Problem

Step 5. 
Construct a 
Prototype
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KNOW LEARN EVIDENCE WONDER

What do I know 

about living and 

working in space?

What did I learn 

about living and 

working in space 

based on my 

research?

What evidence do I 

have that supports 

what I learned about 

living and working in 

space?

What am I still 

wondering about 

living and working in 

space?

KLEW Chart

• KNOW

• LEARN

• EVIDENCE

• WONDER
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The Challenge:

In the International Space Station (ISS) and future long-term crewed missions into our solar system, 

fitness and entertainment are critical to the physical and psychological health of astronauts.

As a team, you will work to design and build a game that astronauts can play in a microgravity 

environment. The game must be played within a five to ten minute timeframe, and must have clear 

rules for identifying scoring and determining winners. The focus of the game will be a projectile which 

is launched, not thrown, towards a goal. The goal must fit within a one meter cube, and must be 

mountable at 0 (floor), 90 (wall), and 180 (ceiling) degrees. This will help to identify and understand 

the effect of gravity on the game. Three identical copies (in terms of mass, size, or shape) of the 

designed projectile must be built, each weighing no more than 200 grams. The projectile will be 

deployed by a launcher towards a goal at least 2 meters away. The cost of all materials included in 

the final version of the game (3 projectiles, launcher, and goal) is at most $10.00.
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Materials

The following is a suggested list of materials needed to complete this challenge. 

The quantity will depend on the number of students participating. Alternatives 

can be used if necessary.

• Digital scale or balance (1)

• Measuring tape (1)

• Rulers (1 per team) 

• 1-inch strips of hook-and-loop tape

• General building supplies 
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STEP 1: Identify the Need or Problem

Based on this information and the challenge introductory video, answer the following 

questions.

Using your own words, restate the problem in the form of “How can I design a 

___________ that will ___________?” Be sure to include all expected criteria and 

constraints.

What general scientific concepts do you and your team need to consider to begin 

solving this need or problem?
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STEP 2: Research the Need or Problem 

Conduct research to answer the following questions related to the challenge problem. Cite where you 

found your information on the line labeled “Source(s):”

Who is currently working on this or a similar problem today? What solutions have they created or are 

working on currently? Source(s):

What questions would you ask an expert who is currently trying to solve problems like this one?

Who in our society will benefit from this problem being solved? How could this relate to everyday 

uses in society? Source(s):

What are some innovative options for using the materials that are available to solve this challenge? 

Source(s):
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STEP 3: Develop Possible Solutions

Sketch your “Spaced-Out Sport” in the space below. Label each part of 

your drawing.  Consider the following questions when brainstorming 

your ideas.

What features and rules will your game design have? 

Will your game work if your goal is mounted to the floor? The wall? The 

ceiling?

How will you construct your projectiles to be identical?

How will your launcher consistently deploy the projectile?
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STEP 4: Select the Best Possible Solution(s)

Work with your team to analyze each person’s 

final drawing using the table below. Based on 

the team’s discussions, determine which design 

will be used to solve the problem, and what 

features will be included to create team’s 

prototype.

Design #

Designer 

Name

Does this design 

meet all criteria 

and constraints of 

the problem?

What are the strong elements 

of this design?

What elements need to be 

improved?

1.

2

3

4
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STEP 5: Construct a Prototype

Make a final drawing of your prototype. Have it approved by your facilitator.

Approved by: 

What are the resources that will need to be gathered?

Who in the group is doing what?

Team Member

Responsibilities 

in the building 

process?
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STEP 6: Test and Evaluate the Solution(s)

Report the following information:

Property Constraint Measured/Calculated

Mass of Each Projectile Less than 300 g

Projectile 1:

Projectile 2:

Projectile 3:

Goal Dimensions Fits within 1 m cube

Length:

Width:

Depth:

Cost Less than $10.00
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STEP 6: Test and Evaluate the Solution(s) - Continued

Start by testing the launcher, the projectiles, and the target in three target mounting positions:

0 (floor) – Mount the target on the floor, facing up.

90 (wall) – Mount the target on the wall, facing out.

180 (ceiling) – Mount the target on the ceiling, facing down.

Assign one team member to be the “player.” This person will using the launcher to shoot each 

projectile three times, attempting to score based on the rules of your game. A second team 

member, designated as the “scorer” will record the score of each shot and calculate the mean 

average. A third team member can assist in retrieving projectiles and returning them to the 

player.
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STEP 6: Test and Evaluate the Solution(s) - Continued

Complete the table below to record the performance of the assembled shield design. 
Rank the materials according to the scale shown below.  

Mounting position

Projectile 1 

score Projectile 2 score Projectile 3 score Mean score

0 (floor)

90 (wall)

180 (ceiling)
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STEP 6: Test and Evaluate the Solution(s) - Continued

Based on your data, describe the construction of your launcher in terms of consistency.

Based on your data, describe the construction of your projectiles in terms of consistency.

Based on your data, describe the construction of your goal in terms of consistency.

If your team determines that there are issues with the equipment, skip the remaining testing 

for this iteration and move on to “Step 7: Communicate the Solution(s).” If your team feels 

that the game is ready, play a full game according to the rules your team created.
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STEP 6: Test and Evaluate the Solution(s) - Concluded

Evaluate your game by completing the table below.

How long did the game last? ________ Did it meet the 5-10 minute criteria? ________

Property to Test

Description of the 

Test

Rank

(0 worst -5 

best) Observations of Game

Entertainment Would astronauts 

find this game fun?

Exercise Would astronauts 

consider this game 

exercise?

Adaptation to Space 

Environment

Would this game 

work in space?

Rules and Scoring Is the game easy to 

play and fair?
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STEP 7: Communicate the Solution(s) 

It is not enough to simply produce raw data.  Scientists and 

engineers need to interpret the data so that they can convince 

others that their results are meaningful. This step will help you 

summarize how your design changed through multiple iterations 

of the engineering design process.  Start by filling out the table 

about your initial prototype.

All modifications to your design, both major overhauls and minor 

tweaks, should be recorded below to track the changes made.  

After every phase of tests, complete the chart below by 

describing changes and summarizing what results the testing 

showed.

Iteration 

#

What was added, removed, or changed 

in this iteration of your design?

What do you think caused the design to 

succeed or fail during testing and why do you 

think that?

2

3

4

5

Iteration 

#

What are the key components to your 

initial prototype?

What do you think caused the design to 

succeed or fail during testing and why do you 

think that?

1
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STEP 8: Redesign

Did this iteration of your design meet all of the constraints of the original problem? ___________

What problem(s) did you discover while testing this iteration?

What will you do to try to improve your design based on this data?

How do you predict that these changes will improve over the iteration you just tested?
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Conclusion

Students, you will have completed

• Creating a video documenting what the team has done 

during the Engineering Design Process and 

Challenge.

• Determine the video meets the criteria for submission

• Submit the video for review

• Add to the LEARN section of the KLEW chart

• Revisit the Engineering Design Process and fill in the 

steps of the EDP comparing it to the chart they did at 

the beginning of the challenge
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Submitting your final video…

Visit the website at 

http://y4y.ed.gov/stemchallenge/nasa

for instructions on submitting your final video

Advance to the next page  for tips on video production

Telling Your Story with Video

http://y4y.ed.gov/stemchallenge/nasa
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