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Welcome to the Design a Crew Exploration Vehicle Design Challenge.
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View the video at https://y4y.ed.gov/stemchallenge/nasa

https://y4y.ed.gov/stemchallenge/nasa
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Review each step of the EDP with students prior to beginning the challenge.
 
The Engineering Design Process
 
STEP 1: Identify the Need or Problem.—Working in teams, students state the problem in their own words. 
 
STEP 2: Research the Need or Problem.—Teams use resources, from the Internet, the library, or discussions with subject matter experts (SMEs), to examine how this problem is currently being solved or how similar problems are being solved.
 
STEP 3: Develop Possible Solutions.—Team members draw on their mathematic and scientific knowledge to brainstorm all the possible ways that they might solve the problem. They choose the most promising options and refine their solution by quickly sketching in two or three dimensions. Labels and arrows should be included to identify parts.
 
STEP 4: Select the Best Possible Solution(s).—Team members share their ideas and answer questions from the other team members. Each team discusses and records strengths and weaknesses from each design. They determine which solutions best meets the original need or solves the original problem, possibly including features from more than one design. The team writes a statement that describes why they chose the solution.
 
STEP 5: Construct a Prototype.—Team members construct a full-size or scale model of the selected solutions in two or three dimensions. The educator helps to identify and acquire appropriate modeling materials and tools.
 
STEP 6: Test and Evaluate the Solution(s).—Teams test their prototypes to determine how effectively they solved the need or problem. Data are collected to serve as evidence of their success or need for improvement.
 
STEP 7: Communicate the Solution(s).—Team members record and share what they learned about their design based on testing. Teams make a presentation that includes how their solution(s) best solved the need or problem and any improvements that could be made. They could ask students from other teams to review the solution and help identify changes.
 
STEP 8: Redesign.—Team members consider modifications to their solution(s) based on the information gathered during the tests and presentation. Teams review the original need or problem to ensure their modifications still meet the necessary criteria and constraints, and restart the EDP cycle.



 

   

   
   

     
 

 
    

    
   

 
 

 
 

 
 

 

 
 

  

NASA Engineering Design Challenge 

Design a Crew Exploration Vehicle 

Before you begin the challenge,  complete the 
KNOW sections of this chart,  sharing prior knowledge  
and experiences. 

Know, Learn, Evidence, Wonder (KLEW) Chart 

The LEARN column is filled out as you find out 
information during the challenge research, including 
videos, articles, and discussions with a NASA subject 
matter expert. 

The EVIDENCE section is where you record where 
you found information and what sources you used. 

The WONDER section is where you list new questions 
you are wondering about as you complete 
research. 

Know Learn Evidence Wonder 

What do I know 
about CEVs and 
space travel? 

What did I learn 
about CEVs and 
traveling into 
space based on 
my research? 

What evidence do 
I have that 
supports what I 
learned about the 
CEVs and space 
travel? 

What am I still 
wondering about 
the CEVs and 
space travel? 
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The Know, Learn, Evidence, Wonder (KLEW) chart can be used as a starting point for the science investigation. As students complete their research, they can enter their information into each of the chart columns. 

In the KNOW section students share prior knowledge and experiences related to the EDP. It is important to enter the information into this column accurately so that facts are written down and not scientific misconceptions students may have. Address any misconceptions and clarify them immediately. 

In the LEARN section student record information found during investigations in this column. This information can be found in videos, online articles, subject matter connections, and other sources. 

The EVIDENCE section is where students record where they got their information and the sources they used to answer their questions. 

In the WONDER section students list new questions they are wondering about as they complete their research.

Allow students to be flexible with their answers and ideas but address scientific misconceptions immediately. Questions can be modified at your discretion.



 NASA Engineering Design Challenge 

NASA needs a new vehicle to take astronauts 
to the Moon, Mars, and beyond. The 
spacecraft that NASA and its industry partners 
are working on is called the Crew Exploration 
Vehicle (CEV). The CEV will transport human 
crews beyond low-Earth orbit and back again. 
Each CEV must be designed to serve multiple 
functions, operate in a variety of environments, 
and must also have an internal tank for fuel. 
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The Challenge—Crew Exploration Vehicle

Presenter
Presentation Notes
EDUCATOR NOTES

Introduce the challenge – What engineering design challenge student teams will be on and review criteria with students.
 
The CEV must meet the following criteria and constraints:

The CEV must carry two astronauts safely. Each astronaut is 3- to 7-cm long. You must design and build secure seats for both astronauts. The astronauts should stay in their seats during each drop test without being glued or taped in place.
The CEV must have one hatch that opens and closes, and is sized so that your astronauts can enter or exit easily. The hatch should be closed during all drop tests.
The CEV must fit within the ______________ (fill in the constraint based on the preactivity setup in the Materials section). This item serves simply as a size constraint. The CEV should not be stored in or launched from this item. 
The CEV must include a model of an internal holding tank for fuel with a volume of 30 cm3 (Note: Your tanks will not actually be filled with a liquid.)
The total mass cannot exceed 100 grams. Use a scale or balance to measure the mass of your design components.



 

  
  

 
 

    
        

 
    

         
          

  

NASA Engineering Design Challenge 

Materials for Crew Exploration Vehicle 
• General building supplies 
• Digital scale or balance (1) 
• Measuring tape (1) 
• Rulers 
•	 Mailing tube, oatmeal canister, or small coffee can (used as 

size constraint—allow students to fill in this information on 
the Challenge sheet) 

• 3- to 7-cm plastic people (for example, Lego® or Playmobil®) (2) 
• Grid paper 

Preactivity setup 
Select a size constraint, like a mailing tube, oatmeal canister, or coffee can and share the constraint 
with your students to give them an idea of the types of constraints that NASA engineers work with 
during a design project. 
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Materials for Crew Exploration Vehicle

Presenter
Presentation Notes
EDUCATOR NOTES

Preactivity Setup

Select a size constraint, like a mailing tube, oatmeal canister, or coffee can to give your students an idea of the types of constraints that NASA engineers work with during design of a project. NASA engineers must consider the spacecraft size and shape so that it will sit on the rocket securely, travel through the atmosphere safely, and return the astronauts back to Earth safely. Have students fill in the blank for the size constraint in Step 1 in the Student Journal. 
 
Discuss the Challenge Rubric with students to provide a clear understanding of the end product. Discuss relevant scientific concepts with students, if needed. 
 
Use the budget sheet as an activity to add depth to the challenge. Determine a unit cost for each of the materials available and decide the maximum budget each team has to design their prototype. This amount can be raised (budget increase) or lowered (budget cut) to adjust the level of challenge difficulty. Have teams itemize their budget using the Budget Planning worksheet.



 

  

         

           
       

 

           
    

NASA Engineering Design Challenge 

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 before 
you begin solving this need or problem? 
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Use the following guiding questions as discussion prompts to focus student understanding.

How can our team design a _____ that will _____?
What needs to be solved or improved? 
What are we trying to accomplish?
 
Review the engineering design process with the students. Show the NASA Beginning Engineering Science and Technology (BEST) video titled “Repeatability” found at https://www.youtube.com/watch?v=-2Az1KDn-YM. 

Have students fill out Step 1 in the Student Journal. Ask students why it is important to test their own designs. Students should identify the specific criteria and constraints of the design challenge. The CEV must keep the 2 astronauts safe (not broken or thrown from their seats) during the drop tests from 1 to 3 meters. 
 
The astronauts may not be glued or taped in place. The CEV must have one hatch that opens and closes, and is sized so that the astronauts can easily enter or exit but it must stay closed during the drop tests.

The CEV must fit within the given size constraint. The CEV will include a holding tank for fuel (NO FUEL OR LIQUIDS WILL BE USED for this challenge) that has a volume of 30 cm3. The total mass of the completed vehicle cannot exceed 100 grams.



 

  

       
 

  
 

        
    

       

          
  

NASA Engineering Design Challenge 

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? 

•	 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 use? 
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Step 2:  Research the Need or Problem

Help facilitate learning by asking guided questions as discussion prompts to focus student understanding on the slide.

Where can you find more information about the topic?

What questions would you ask an expert or an engineer who is currently working on this problem?

Who in our society will benefit from solving this problem?

Help students answer any questions they have about the challenge. Use the internet or school library to research answers. Any questions that are left unanswered should be written down and saved to ask during the NASA subject matter expert connections.




 

   
   

   

   
 

   

    

  

NASA Engineering Design Challenge 

Step 3: Develop Possible Solutions 

Sketch your idea for a Crew Exploration Vehicle 
(CEV) in the space provided. Label each part of 
your drawing. Consider the following questions 
when brainstorming your ideas. 

•	 What are all the different ways I can imagine 
to solve this? 

•	 What do we need to add to the design? 

•	 What could go wrong if we add to the design? 

•	 Are all the criteria and constraints addressed? 
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Step 3: Develop Possible Solutions
 
Help facilitate learning by asking the guiding questions on the slide as discussion prompts to focus student understanding prior to sketching ideas.
 
Ask each team member to brainstorm and make sketches representing their ideas for a solution. Students need to clearly label and identify each part of their drawing. Each team member should make sure that their design meets all constraints and criteria. Have students sketch their ideas on Step 3 in the Student Journal.




 

   
  

  
 

  
   

NASA Engineering Design Challenge 

Work with your team to share ideas and 
answer each other’s questions. Discuss and 
record some strengths and weaknesses from 
each design and determine which solutions 
best meets the original need or solves the 
original problem. This may include features 
from more than one design. 
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Step 4: Select the Best Possible Solution(s)

Presenter
Presentation Notes
EDUCATOR NOTES

Step 4: Select the Best Possible Solution(s)

Help facilitate learning by asking the guiding questions as discussion prompts to focus student understanding.

What is one strength of each student’s individual design?
Are the strengths in each design related to the criteria and constraints of the challenge?
Are the elements from each team member’s design represented in the final design?

Ask each team member to discuss their ideas and drawings with the rest of the team. Have students record the strengths of each of the designs. Have students fill out Step 4 in the Student Journal.



 

 

      

 

            

     

     

  
  

NASA Engineering Design Challenge 

Step 5: Construct a Prototype 

Make a team drawing of your final prototype and have it approved by 
your educator. 

Determine  who in  the 
group is  doing what. 

Are each of the criteria 
represented in the final design? 

Team member Responsibility Criteria Addressed in final design? 

1. Yes No 

2. Yes             No 

3. Yes             No 
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Step 5: Construct a Prototype

Help facilitate learning by asking the guiding questions as discussion prompts to focus student understanding.

What resources does your team need to gather?
What is the plan?
Who is doing what?
 
Ask each team to identify the design that appears to solve the problem. Teams then create a final diagram of the design which should be drawn precisely and labeled with a key. Teams determine what materials they will need to build their design and assign responsibilities to team members for prototype completion. 
 
Each team design needs to be approved before the final drawings building begins. After teams receive their materials to build their prototype, complete a budget sheet showing their building material costs. Teams then construct the first iteration of their design challenge solution. Students fill out Step 5 in the Student Journal.



 

   

   
 

  
  
 

 
     

 

   

  

NASA Engineering Design Challenge 

Step 6: Test and Evaluate the Solutions(s) 

Work with your team to 
complete and test the 
prototype. Complete the table 
and record the data from each 
iteration. Be sure to record the 
changes you made from one 
iteration to the next in Step 7 of 
the Student Journal. 

Vehicle 
components Use Measurement or 

calculation 

Astronauts Crew 
Mass: 

grams each 
grams total 

Crew Exploration 
Vehicle (CEV) Carries crew to Moon 

Mass: 
grams 

Hatch Allows entry and exit 
Dimensions: 

cm (long) by 
cm (wide) 

Internal tank Stores liquid fuel 

Mass: 
grams 

Volume: 
cm3 

Size constraint Tests size constraints 
Volume: 

cm3 
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Step 6: Test and Evaluate the Solutions(s)

The following guiding questions may be used as discussion prompts to focus student understanding.

Did the team collect enough data to analyze the design?
How did the prototype perform when tested? 
Did the design meet or exceed the criteria and constraints?

Visit each team and test their designs to ensure they meet all challenge criteria and constraints. Have teams fill out Step 6 in the Student Journal. Reiterate to students the importance of recording the changes they make to their drag device as they are working from one iteration to the next in Step 7 of the Student Journal.  
 
Students should work on these two steps simultaneously. This will help students think about what they have done and how best to communicate their solutions to each other as well as for the final video product.



 

  

    
   

        
   

      
      

 
       

    

  
 

 
 

   
  

 
 

NASA Engineering Design Challenge 

Step 7: Communicate the Solution(s) 

It is not enough to just collect data 
during testing. Scientists and engineers 
need to interpret the data so that they 
can convince others that their results 
are meaningful. This step will help your 
team keep a log of the design 
changes through each design and 
build cycle. Start by filling out the table 
about your initial prototype. 

Iteration 
number 

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 

Iteration 
number 

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 
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Step 7: Communicate the Solution(s)

Student teams often work on Step 6, 7, and 8 simultaneously because it is important that students understand that the engineering design process is not linear and this reinforces that concept. 
 
The following guiding questions may be used as discussion prompts to focus student understanding.

What did or did not work in the latest iteration of the design? Why or why not?
What are the pros and cons of this solution?
Did each team show they used all steps of the engineering design process? 
 
Ask team members to document and report the results of their designs. 
 
Have students identify what changes were made with each iteration of the design, and what the team believed caused the design to succeed or fail. 
 
Students should complete the Student Reflection sheet in the Student Journal to help them think about how they completed each step of the engineering design process.



 

  

    
   

   
 

 

 
    

 

 
   

  
  

  

  

 

NASA Engineering Design Challenge 

Step 7: Communicate the Solution(s) 
Student Presentation Organizer It is i mportant to think  about every  step your team  

makes during the engineering  design  process.  
Document  each step  your  team  worked through  by  
writing a short  description of  the  work  completed by  
your  team  in the  Team  Progress Chart.  This will help  
your team  stop,  discuss,  and decide what to  do next in  
the process. After  you finalize your  design, use the 
Student  Presentation Organizer  to  help explain  the 
steps you took to reach  your solution  and create the 
script for your video. 

Team Progress Chart 

Welcome Introduce your team, provide the title of your video, and 
explain what challenge your team worked on. 

Engineering 
Design 
Process 
Steps 

Ideas for what should 
be included in each 
step of the video 

Take notes on what your team wants to 
show and say in the video. 

Step 1: 
Identify the 
Need or 
Problem 

Talk about the  problem  
and the constraints. 

Discuss what 
constraints will need to 
be met to solve the 
problem. 

Step 2: 
Research 
the Need 
or Problem 

Discuss what your  
team  discovered 
during  the research 
and the connections  
with  a  NASA  subject 
matter expert.  

Who did you speak 
with? What did you 
learn? Where did you 
find answers to your 
questions? 

Step no. Step name What did you do and why? Documentation for the video 
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Step 7: Communicate the Solution(s)

It is important for teams to stop and discuss even small changes to their designs. The Team Progress Chart will help document those modifications throughout the process. 

The Student Presentation Organizer will help teams clearly document what they did at each step as well as remind them to work continuously on the final video product.



 

 

    
  

   

   
 

  

NASA Engineering Design Challenge 

Step 8: Redesign 

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

What design problems did the team identify 
during testing? 

What did the team do to improve the next 
iteration of this design? 

What did and did not work? 

15 

Presenter
Presentation Notes
EDUCATOR NOTES

The following guiding questions may be used as discussion prompts to focus student understanding.

What design problems did the team identify during testing?
What did the team do to improve the next iteration of this design?
What did and did not work?
 
Ask teams to identify the causes of any problems that were observed during testing and to consider possible modifications to solve these problems. Have teams check their redesigned prototype to make sure it still meets all the criteria and fill out Step 8 in the Student Journal. 
 
From here on, the cycle will repeat with redefined problems and redesigned solutions as often as time and resources allow. Depending on the amount of redesign students put into each iteration, some steps may only need a quick revisit to be sure students are on track while some steps will need to be completely redone. In those cases, additional copies of cycle step pages should be made and added into the Student Journal.



 

   

       
     

  

    

    

NASA Engineering Design Challenge 

Design a Crew Exploration Vehicle Video 

Conclusion
 
Students you have completed 
•	 Creating a video documenting what the team has 

done during the engineering design process and 
challenge 

•	 The Student Presentation Organizer 

•	 Determine the video meets the criteria for 
submission 

• Submit the video for review
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Submit Final Design

Documentation from the Team Progress Chart and the Student Presentation Organizer will be used to create a video of the design developments and the last design iteration. 



 

   

       

NASA Engineering Design Challenge 

Design a Crew Exploration Vehicle Video 

To submit your final video, visit the Web site at 
http://y4y.ed.gov/stemchallenge/nasa for instructions. 
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