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Educator Welcome and Overview 
Dear 21CCLC STEM Educator, 
 
Welcome to the science, technology, engineering, and mathematics (STEM) Engineering 
Design Challenge (EDC) Team! As part of this team, you will play an integral part in helping 
today’s middle school students become tomorrow’s scientists, technicians, engineers, and 
mathematicians. Through the EDC, students will participate in authentic learning 
experiences that allow them to develop valuable skills through rigorous and engaging 
(STEM) content. As a 21CCLC STEM educator, you will be helping your students use their 
creativity, curiosity, and analytical thinking while utilizing the engineering design process 
(EDP). Solving problems using the EDP will be key to the success of the future engineering 
workforce at the National Aeronautics and Space Administration (NASA). 
 
During this Crew Exploration Vehicle EDC, students will work in teams to create a model for 
a new space vehicle that can carry two astronauts safely during a drop test. At the 
conclusion of the challenge, your students will be required to articulate the steps taken in 
the EDP in a team video that each team creates.  
 
This educator guide is designed to provide you with instructional support as you plan and 
conduct the challenge. It includes relevant background information, step-by-step 
instructions, reflective data sheets, and a concise rubric to assess student learning. You will 
be expected to use all of the included materials with your students, however, you can 
adapt the pacing guide to fit your instructional schedule. This guide is organized into the 
following sections: 
 

 Introductory materials.—Includes the alignment to national science and 
mathematics standards, an overview of the challenge and the EDP, a 
recommended pacing guide, and a checklist that outlines everything you will 
need to do to facilitate the challenge. 

 Correlation to NASA.—Provides a description of how the challenge is aligned to 
authentic NASA missions, research, and careers. 

 Educational support.—Provides additional content information about the NASA 
mission and research related to the EDC along with suggested strategies for 
adapting this EDC to a specific learning environment. 

 Instructional procedure.—Provides step-by-step instructions for educators to use 
throughout the challenge. Assessment tools are included for you to monitor 
student understanding at each step of the challenge. 

 Student challenge journal.—Contains tools to guide students through the EDP and 
writing prompts to ensure students document each step of their work. 
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Additional information and resources to facilitate the challenge are located on the NASA 
STEM Challenges Web site (http://y4y.ed.gov/stemchallenge/nasa). The EDC team is also 
available to answer your questions directly through the Help Desk included on the NASA 
STEM Challenges Web site. NASA supports educators who play a key role in preparing 
students for careers in STEM fields through engaging content. Thank you for helping us share 
this learning experience with your students.  
 

Engineering Design Challenge Team 
 
U.S. Department of Education 
NASA Office of Education 

  

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

Next Generation Science Standards 

Science and Engineering Practices 

 Asking questions and defining problems 
 Developing and using models 
 Planning and carrying out investigations 
 Analyzing and interpreting data 
 Using math and computational thinking 
 Constructing explanations and designing solutions 
 Engaging in argument from evidence 
 Obtaining, evaluating, and communicating information 

 

Engineering Design 

MS-ETS1-1. Define the criteria and constraints of a design problem with sufficient 
precision to ensure a successful solution taking into account relevant scientific 
principles and potential impacts on people and the natural environment that may 
limit possible solutions. 

MS-ETS1-2. Evaluate competing design solutions using a systematic process to 
determine how well they meet the criteria and constraints of the problem. 

MS-ETS1-3. Analyze data from tests to determine similarities and differences among 
several design solutions to identify the best characteristics of each that can be 
combined into a new solution to better meet the criteria for success. 

MS-ETS1-4. Develop a model to generate data for iterative testing and modification 
of a proposed object, tool, or process such that an optimal design can be achieved. 

 

ISTE NETS and Performance Indicators for Students 

Critical thinking, problem solving, and decision making 

a. Identify and define authentic problems and significant questions for investigation 
b. Plan and manage activities to develop a solution or complete a project 
c. Collect and analyze data to identify solutions and/or make informed decisions 
d. Use multiple processes and diverse perspectives to explore alternative solutions 
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The Engineering Design Challenge 

Background 

NASA and its industry partners are currently 
working on a space vehicle called the Crew 
Exploration Vehicle (CEV) that will take 
astronauts to the Moon, Mars, and other 
destinations in space. Because the CEV will 
transport astronauts beyond low-Earth orbit 
and back again, it must be designed to serve 
multiple functions and operate in a variety of 
environments. 
 
The Challenge 

Teams of up to four students will design and 
build a CEV model that can safely transport 
two astronauts on a mission to the Moon, Mars, or other destinations in space. A drop test 
will determine how well the CEV will protect the astronauts during landing. During the drop 
test, the CEV will be deployed, or dropped, from a height of at least three meters to 
simulate landing. The astronauts must stay securely in their seats during the drop test. It must 
also have an internal tank for fuel. 
 
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 remain 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. 

 
 

  

Figure 1.–Illustration of a CEV command module. 
(NASA) 
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Student teams will follow the eight steps in the EDP to complete the challenge. 
 

The Engineering Design Process 

 
This Engineering Design Process model was adapted from the Massachusetts Science 

and Technology/Engineering Curriculum Framework (published October 2006, 
http://www.doe.mass.edu/frameworks/scitech/1006.pdf). 

  

Step 1 
Identify the Need 

or Problem

Step 2 
Research the 

Need or Problem

Step 3 
Develop Possible 

Solutions

Step 4
Select the Best 

Possible 
Solution(s)

Step 5
Construct a 
Prototype

Step 6
Test and Evaluate 

the Solution(s)

Step 7 
Communicate 
the Solution(s)

Step 8 
Redesign

http://www.doe.mass.edu/frameworks/scitech/1006.pdf


 

NASA Engineering Design Chal lenge     7  

Design a Crew Exploration Vehicle 

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. 
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Pacing Guide 

The engineering design challenge (EDC) must be completed by students within the 
designated time frame. You are encouraged to adjust the pace to meet your student 
needs and learning environment. Visit the NASA STEM challenges Web site 
(http://y4y.ed.gov/stemchallenges/nasa) for a list of important challenge dates and 
submission deadlines. 
 
We estimate the total instructional time needed to complete the entire challenge will be 
between 20 and 35 hours and approximately 3 hours of instructional time will be required 
to complete the activities listed for each week. The engineering design process (EDP) is 
cyclical. Feel free to structure the sessions to fit your needs based on your students and 
available time. You should establish a schedule that is flexible enough to allow your 
students to move from step to step as needed. It is possible that teams may need to loop 
back to an earlier step and rework their designs. The following table can be used as a 
guide for implementation. Activities may take more or less time depending on student 
readiness and depth of inquiry.  
 

EDC Week EDP Step Actions 

Pre-Challenge Pre-EDP Attend training and order materials 

Week 1 
Step 1 
Step 2 

Identify the Need or Problem 
Research the Need or Problem 

Week 2 
Step 2 
Step 3 

Research the Need or Problem 
Develop Possible Solutions 

Week 3 
Step 3 
Step 4 

Develop Possible Solutions 
Select the Best Solution 

Week 4 
Step 5 
Step 6 

Construct a Prototype 
Test and Evaluate the Solutions 

Week 5 
Step 7 
Step 8 
Step 5 

Communicate Solutions 
Redesign 
Rebuild 

Week 6 
Step 5 
Step 6 

Rebuild 
Test and Evaluate Solution 

Week 7 
Step 7 
Step 8 

Communicate Solutions (compare iterations) 
Redesign (recommendations for the future) 

Week 8 Post-EDP Create and upload student videos 

 

http://y4y.ed.gov/stemchallenges/nasa
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Challenge Checklist 

Prior to the Challenge 
Things to download, print, review, and copy. 
 1. Download and review the presentation slides for students. 
 2. Download, print, and review the Video Criteria and Rubric. Make a copy for each 

team of students. 
 3. Download, print, and review the Educator Guide, Crew Exploration Vehicle. Print the 

Student Journals for each team. 
 4. Download or bookmark the introductory video “Telling Our Story with Video” and any 

other videos needed for your presentation. 
 5. Download and review the Technical Requirements for the Video Production Page. 
 6. Download, review, and print enough media release forms for each student. 
 
Things to schedule, set up, or test. 
 1. Review the online Event Schedule and select at least one live event for students to 

interact with a NASA subject matter expert. 
 2. Gather and organize materials from the materials list for each activity. 
 3. Test your technology setup to make sure students can see and hear videos, slides, 

etc. 
 4. Identify a testing area or testing table that will provide a space for the students to 

safely test their models and designs. 
 5. Check your video or digital cameras to ensure they are fully charged and have 

enough memory or tape for recording challenge activities. 
 

During the Challenge 
 1. Distribute media release forms to each participating student and set a due date for 

return. 
 2. Ask each group of students to come up with a unique team name. 
 3. Use the presentation slides for students to lead the students through the challenge. 
 4. Encourage each team to take pictures and video throughout the challenge for use 

in their final video. 
 5. Help students prepare questions and information to share with NASA subject matter 

experts during the live event. 
 6. Participate in one or more live events. 
 

After the Challenge 
 1. Review Video Criteria, Rubric, and “Telling Our Story with Video” with students. 
 2. Assist students as they plan and create their final video. 
 3. Upload student video submissions. 
 4. Allow enough time to send a separate email with entry information and media 

release forms for each video by _____________. Participate in evaluation of the 21CCLC 
program.  
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NASA Connection 
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NASA 

Why We Explore 

Humanity’s interest in the heavens is universal and enduring. Humans are driven to explore 
the unknown, discover new worlds, push the boundaries of scientific and technical limits, 
and then push further. Society has benefited for centuries because of our desire to explore 
and challenge the boundaries of what we know.  
 
Human space exploration helps to address fundamental questions about our place in the 
universe and the history of our solar system. By addressing the challenges related to human 
space exploration, we expand technology, create new industries, and help to connect 
peacefully with other nations. Curiosity and exploration are vital to the human spirit and 
accepting the challenge of going deeper into space we invite the citizens of the world 
today and the generations of tomorrow to join NASA on this exciting journey. 
 
The United States is a world leader in the pursuit of new frontiers, discoveries, and 
knowledge. The National Aeronautics and Space Administration, more commonly known 
as NASA, has sent people to land on the Moon, sent spacecraft to the Sun and almost 
every planet in the solar system, and launched robotic explorers to travel beyond the solar 
system. NASA’s vision is to reach for new heights and reveal the unknown for the benefit of 
humankind. 
 
NASA was formed in 1958, and has a history of unique scientific and technological 
achievements in human space flight. From John Glenn’s 1962 orbit around the Earth in 
Mercury Friendship 7 through the Apollo missions, the space shuttle years, to today’s 
orbiting International Space Station (ISS), NASA is on the forefront of manned space flight. 
NASA’s newest and most advanced human spacecraft, Orion, will usher in a new era of 
space exploration. Orion will serve as the exploration vehicle that will carry the crew to 
space, provide emergency abort capability, sustain the crew during space travel, and 
provide safe re-entry from deep space.  
 
Orion was tested in December 2014 in a successful uncrewed orbital flight test. It will be 
launched on a heavy-lift cargo rocket, the Space Launch System (SLS), the most powerful 
rocket ever built. Orion will be sent to near-Earth asteroids, our own Moon, the moons of 
Mars, and eventually to Mars itself. 
 
NASA’s future success and global leadership will be determined primarily by the 
investments and innovations we make in scientific research, technology, and our 
workforce today. NASA’s focus has always been, and will always be, to discover, invent, 
and demonstrate new technologies, tools, and techniques that will allow the United States 
to explore space while improving life on Earth.  
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STEM Careers at NASA 

What is an engineer? 

Engineers are at the heart of every engineering 
design challenge. Engineers are people who 
design and build things that we use every day. The 
following video will explain the role of an engineer 
and can be shared with your students. 
https://www.youtube.com/watch?v=wE-z_TJyziI. 
After viewing the video, ask the students to 
describe what an engineer does. 
 
After viewing the video, have students discuss 
what they learned about what engineers do. An 
engineer is a person who works on a team to solve 
a problem that humans want to solve or make 
better. Examples of NASA-engineered products 
and services follow. 
 

• Transportation.—NASA engineers work with 
companies to design and develop aircraft 
that are safer, quieter, lighter, and more 
fuel efficient and reliable. 

• Public Safety.—Environmental engineers at 
Johnson Space Center developed a new 
simplified version of a bacteria test that 
astronauts can use on the ISS. The same 
test is now being used to help rural communities monitor their water supplies for 
contamination. A software phone app has been developed to make this 
information public. 

• Consumer Goods.—NASA engineers developed light-emitting diode (LED) lighting 
for life on the ISS. The LED lighting is used to stimulate energy and focus as well as 
help crew members relax. LED lighting is now used in numerous homes, hotels, and 
resorts. 

• Food processing control.—NASA engineers worked with food production 
companies to create a process to identify the critical points where food could be 
contaminated. 

• Information Technology.—NASA engineers worked with Massachusetts Institute of 
Technology (MIT) to develop a program that highlights the most reliable 
combinations of technologies for crewed missions to Mars. This program is now used 
to help homebuilders choose cost- and energy-efficient floor plans and materials. 

Figure 2.—Aerospace Engineer Chris Randall 
tests rocket parts and life support systems to 
ensure they work as planned. (NASA) 

Figure 3.—Simulation System Engineer Debbie 
Martinez works on developing general 
aviation flight simulation software. (NASA) 

https://www.youtube.com/watch?v=wE-z_TJyziI&feature=youtu.be
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It is important for young children to understand and to relate to what an engineer does to 
benefit and improve society. It is equally important to address misconceptions about who 
can be engineers. Men and women of all races, ethnicities, and walks of life choose to 
become engineers. Examples of this and NASA career profiles can be explored at 
https://www.nasa.gov/audience/forstudents/careers/profiles/index.html. 
 
What is the engineering design process (EDP)? 

A cycle of steps that teams of engineers use to guide them as they work to solve a problem. 
The EDP is a cycle that leads to the development of a new product or system. The cycle 
repeats and continuously refines and improves the product or system. During this 
challenge, students should complete each step and document their work as they develop 
and test their design. To do this, students need to perform each of the steps in the EDP and 
repeat the cycle, as often as time and resources allow, to develop the best end product. 
On repeat iterations of the cycle, some steps will only need to be briefly revisited to confirm 
that teams are still on track. Other steps will need to be completely redone.  
 
Students who are new to the EDP will probably be introduced to unfamiliar concepts. 
Students may or may not have heard such words as “criteria” or “constraints,” which are 
commonly associated with engineering design. You may want to immerse students in the 
vocabulary and use simple explanations. 
 
For example, 

• Criteria are what your solution must do. 
• Constraints are what your solution must not do. 

 
Like the EDP, the significance of the words can be refined as students repeat the process 
and build a deeper understanding of what they are doing. 
 
What is an engineering design challenge? 

An educational activity that helps students understand the EDP by solving problems just 
like real engineers would. Students are presented with a challenge or problem and, using 
the EDP, work in teams to complete activities and experiments to develop solutions to the 
original problem. These challenges facilitate teamwork, problem solving, and 
brainstorming ideas like real-world engineers encounter.  
 
  

https://www.nasa.gov/audience/forstudents/careers/profiles/index.html
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Challenge Background Information 

What is NASA’s Orion Multi-Purpose Crew 
Vehicle? 

For the first time in a generation, NASA is 
building a human spacecraft that will usher in a 
new era of space exploration. A series of 
increasingly challenging missions awaits and 
NASA’s new spacecraft will take us farther than 
we have gone before, including Mars. 
 
Named after one of the largest constellations in 
the night sky, the Orion spacecraft is designed 
to meet the evolving needs of our Nation’s 
deep space exploration program for decades 
to come. Orion will be the safest, most 
advanced spacecraft NASA has built. The new 
spacecraft will be designed to take humans 
beyond low Earth orbit to many destinations. 
Orion will serve as NASA’s exploration vehicle 
that will carry the crew to space, provide 
emergency abort capability, sustain the crew 
during the space travel, and provide safe 
reentry from deep space at return velocities. 
 
Orion features dozens of technological 
advancements and innovations that have 
been incorporated into the spacecraft’s new 
design. NASA included a crew compartment 
with the capacity to hold four crew members. 
It also has a service module, a spacecraft 
adaptor, and a revolutionary launch abort 
system that will significantly increase the safety 
of the crew. Orion will also utilize advances in 
propulsion, communications, life support, 
structural design, navigation and power, and 
draw from the extensive spaceflight 
experience of NASA.  
 
Orion has been rigorously tested by NASA engineers to prepare it for the journey beyond 
low Earth orbit. In order to simulate the final phases of landing, tests in the ocean and at 

Figure 5.—Launch Abort System. (NASA) 

Figure 4.—NASA’s Orion MPCV. (NASA) 

Figure 6.—Orion splash testing at Langley 
Research Center. (NASA) 



 

 16      NASA Engineering Design Chal lenge  

Design a Crew Exploration Vehicle 

NASA’s Hydro Impact Basin at Langley Research Center re-created how Orion will behave 
during splashdown in the Pacific Ocean.  
 
Orion’s flight test began on top of a Delta IV Heavy rocket at Cape Canaveral Air Force 
Station's Space Launch Complex in December 2014. This test was a two-orbit, 4-hour flight 
that evaluated launch and high speed reentry systems such as avionics, attitude control, 
parachutes, the heat shield, and many of the systems most critical to safety. The uncrewed 
test flight sent Orion farther from Earth than any spacecraft built to carry humans has gone 
since the Apollo 17 astronauts landed on the Moon in 1972. On reentry, Orion endured 
temperatures twice as hot as molten lava to put its critical systems to the test. This test 
provided NASA engineers with invaluable data on Orion’s performance in every phase of 
launch, reentry, and landing.  
 
The crewed Orion vehicle will be launched aboard NASA’s new Space Launch System 
(SLS). More powerful than any rocket ever built, SLS will be capable of sending humans to 
deep space destinations. Exploration Mission 1 will be the first mission to integrate Orion 
and the SLS. Orion will carry astronauts into a new era of exploration to destinations 
including near-Earth asteroids, our own Moon, the moons of Mars and eventually Mars itself. 
 
How much fuel is stored on the Space Launch 
System? 

The SLS rocket holds 520,456 gallons of liquid 
hydrogen and 194,443 gallons of liquid 
oxygen. The three tanks at the launch pad 
hold 300,000 gallons of fuel each. Although 
oxygen gas is colorless, the liquid and solid 
forms of oxygen are blue. All of the fuel used 
to launch the SLS is used up in the first 8 
minutes of flight. To lift the heavy payload of 
the rocket and all of its cargo, NASA engineers 
will need to calculate the amount of extra fuel 
needed to complete the journey into space. 
 
How is Orion’s hatch designed? 

The hatch is located on the side of the capsule so that four crew members can enter and 
exit easily. The Orion crew module will serve as both a transport vehicle and a home vehicle 
to the astronauts. NASA engineers designed a hatch that can be locked and sealed 
securely to protect the astronauts during the journey. Engineers also designed the hatch 
so that it could be easily opened in case of an emergency.  
  

Figure 7.—Orion uncrewed test December 5, 2014. 
(NASA) 
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How do astronauts stay in their seats? 

Seating is one of the most critical 
components to consider during design of 
a spacecraft. Since astronauts must be 
securely fastened in their seats during all 
launch and landing operations, great 
effort is taken to ensure that seats are 
both safe and functional. Seat 
arrangement drives the layout of all other 
components in the crew cabin including 
windows, displays, controls, and forms of 
entry and exit. 
 
Seats are designed with consideration for 
factors such as acceleration forces (also 
called “g-forces”), comfort, and variation 
in human shape and size. Spacecraft have contained both upright and recumbent (laying 
down) seats. Both seat configurations are constructed with multipoint harness systems, 
which refers to the number of places where the harnesses connect to seats. For example, 
cars come with 2-point harnesses (a single belt across the lap), and  
3-point harnesses (a lap belt and another belt connected over one shoulder). Even though 
NASA has tested 4-, 5-, 6-, and 7-point harnesses, tests for Orion focused on potential 4- and 
5-point systems. 
 
For more information visit, 

• Orion Web site — http://www.nasa.gov/exploration/systems/orion 
• Space Launch System Web site — http://www.nasa.gov/exploration/systems/sls 
• “Trial by Fire” video Web site — 

https://www.youtube.com/watch?v=KyZqSWWKmHQ 
• Voyager Web site Web site — http://voyager.jpl.nasa.gov/ 
• The Shuttle flash page Web site — https://www.nasa.gov/externalflash/the_shuttle 
• New Horizons Spacecraft Web site — http://pluto.jhuapl.edu/ 

 
  

Figure 8.—Astronauts Nicole Stott and Michael Barratt 
practice getting into the recumbent seats of the shuttle 
prior to launch of STS-133. (NASA) 

http://www.nasa.gov/exploration/systems/orion
http://www.nasa.gov/exploration/systems/sls
https://www.youtube.com/watch?v=KyZqSWWKmHQ
http://voyager.jpl.nasa.gov/
https://www.nasa.gov/externalflash/the_shuttle
http://pluto.jhuapl.edu/
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Strategies and Tips 

Before the first student session, several setup procedures need to be completed. During 
each step of the challenge, the student teams will need to have 
 

 Access to computers to complete their research 
 Construction materials to build their prototypes 
 Testing areas to collect data describing their designs 

 

Room Setup 

The setup of the instructional space (classroom, library, or cafeteria) is almost as important 
as the challenge itself. A good setup will allow student teams to work together without 
disrupting each other and to help make sure that the materials needed to complete the 
EDC are close at hand.  
 
Teams will need plenty of room, especially when building and testing their designs. It may 
be helpful to consolidate building materials and tools at a table placed either centrally or 
off to one side of the room so that team areas do not get cluttered during planning steps.  
 
Students should have access to the Internet so that they can conduct their research and 
investigate questions. There also needs to be a designated testing area where student 
teams can test and collect data about their prototypes. Make sure to consider safety when 
selecting a testing area, especially for tests that involve dropping or throwing things. 
 
Differentiated instruction are strategies educators use when responding to varying degrees 
of student needs and readiness in the classroom. To do this, educators differentiate by 
modifying the content (what is being taught), the process (how it is taught), and the 
product (how students demonstrate their learning). 
  



 

NASA Engineering Design Chal lenge     19  

Design a Crew Exploration Vehicle 

Team Building 

Begin by dividing students into teams of no more than four 
to give all students an opportunity to contribute. By 
working as a member of a team, students develop skills 
such as trust, cooperation, and decision making. Working 
as a team member, however, can be challenging for 
some students. The following exercises are recommended 
to help teams begin to work together effectively. 
 
Establish a team name.—Many NASA teams are named 
based on the work they do. 
 
Design a mission patch.—Teams that work on NASA 
missions and spacecraft are unified under a mission patch 
designed with symbols and artwork to identify the group’s 
mission.  
 
Create a vision statement.—This is a short inspirational sentence or phrase that describes 
the core goal of the team’s work. NASA’s current Vision statement is “To reach for new 
heights and reveal the unknown so that what we do and learn will benefit all humankind.” 
 
As students begin to work together, their individual strengths will become apparent. 
Students can volunteer or be assigned tasks or responsibilities that are vital to completing 
the challenge. Team jobs can also be rotated throughout the team members to give all 
students an opportunity to improve their team skills. The following list includes examples of 
jobs that student teams will need to complete. Feel free to come up with others and 
remember that all team members should serve as builders and engineers for the team. 
 
Design engineer.—Sketches, outlines, patterns, or plans the ideas the team generates 

Technical engineer.—Assembles, maintains, repairs, and modifies the structural 
components of the design 

Operations engineer.—Sets up and operates the glider to complete a test 

Technical writer/videographer.—Records and organizes information, data, and prepares 
documentation, via pictures and/or video to be reported and published 

 
  

Figure 9.—The Apollo 11 patch with 
an Eagle landing on the Moon 
(foreground) and a view of the Earth 
(background. (NASA) 



 

 20      NASA Engineering Design Chal lenge  

Design a Crew Exploration Vehicle 

Vocabulary 

It is not enough to only build a design to solve the challenge. Students will also need to 
clearly and accurately communicate their questions and their solutions using STEM 
vocabulary. Educators can determine the best approach for use of the vocabulary with 
students. For this challenge, the most relevant words are as follows: 
 
Aerodynamics.—The qualities of an object that affect how easily it is able to move through 
the air 

Capsule.—A pressurized modular compartment of an aircraft or spacecraft, designed to 
accommodate a crew or to be ejected 

Cargo.—Freight carried by an aircraft or other transportation vehicle 

Constraints.—The limits placed on the design due to available resources and environment 

Criteria.—Standards by which something may be judged or decided 

Dependent variable.—A value that is determined based on the values of other traits 

Descent.—The downward incline or passage of an object 

Dimension.—A physical property of a mass, length, time, or a combination of any or all 

Exploration.—The act of systemically investigating an objective for the purpose of 
discovery 

Fragile.—Easily broken or damaged 

Gravity.—The force that attracts a body toward the center of the Earth or toward any other 
physical body having mass 

Hatch.—An opening in a deck of a ship or in an aircraft and spaceship commonly called 
the door 

Independent variable.—A value that is determined without support by other traits 

Inferring.—To conclude from evidence rather than from definitive statement of fact 

Internal.—Relating to or situated within the limits or surface of something 

Iteration.—One cycle of a repetitive process 

Landing pad.—A site for landing an aircraft 

Launcher.—A device for firing rockets 

Mass.—A unified body of matter without any specific shape 

Model.—A small object, usually built to scale, that represents another larger object 

Observation.—The act of noting and recording something with an instrument 

Orbit.—The path of a celestial body or artificial satellite as it revolves around another object 
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Prediction.—The act of attempting to tell beforehand what will happen 

Payload.—Things carried by a spacecraft 

Robotics.—The study and application of a mechanical device that works automatically or 
by remote control 

Supersonic.—Traveling at a speed that is greater than the speed of sound 

Thrust.—Force that opposes gravity 

Volume.—The quantity of three-dimensional space enclosed by some closed boundary, 
for example, the space that a substance (solid, liquid, gas, or plasma) or shape occupies 
or contains 

Weight.—The force on an object due to gravity 

Not all students may be familiar with the vocabulary terms. Educators will need to 
determine which words require additional explanation and design instructional activities 
and lead student discussions to demonstrate student understanding of the scientific 
concepts found within the challenge. Some common instructional activities for building 
vocabulary include 
 

• Flip books 
• Charts 
• Manipulatives 
• Word charades 
• Word drawings 
• Restate definitions in own words 

• Think-pair-share/elbow reading 
• Concept maps 
• Classify terms 
• Create analogies 
• Graphic organizers 
• Word sort 
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NASA Engineering Design Chal lenge     23  

Design a Crew Exploration Vehicle 

The Engineering Design Challenge 

The following pages will help you guide 
your students through the challenge. 
Note that both the educator guide and 
the Student Journal are organized to 
align with each step of the engineering 
design process. For example, if you are 
in Step 4 of the EDP in the instructional 
pages, the students will be in Step 4 of 
the Student Journal. 
 

Background 

NASA and its industry partners are 
currently working on a space vehicle 
called the Crew Exploration Vehicle 
(CEV) that will take astronauts to the 
Moon, Mars, and other destinations in 
space. Because the CEV will transport astronauts beyond low-Earth orbit and back again, 
it must be designed to serve multiple functions and operate in a variety of environments. 
 

The 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.  
 

Criteria and Constraints 

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.  

Figure 10.—Illustrations of a CEV command module. (NASA) 
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Step 1: Identify the Need or Problem 

During this step, students will identify what the engineering problem is and begin to think 
about how it can be solved. 
 

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. 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 rubric with students to provide a clear 
understanding of the end product and discuss relevant scientific concepts with students, 
if needed.  
 
Guiding Questions 

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? 

 

Instructional Procedure 

 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. 
 Ask students to identify the specific criteria and constraints of the design 

challenge. 
 Have students fill out Step 1 in the Student Journal. 

Suggestions for Differentiation 

Below are strategies that can be used based on student readiness. 
 
Support: 

• Allow students extra time to discuss the challenge itself, the problem that needs to 
be solved, and how the problem could be solved. 

• Introduce criteria and constraints one at a time. Allow student designs to meet one 
challenge requirement successfully before introducing additional ones. 

 
Complexity: 

• Require students to write a letter or an email to a friend as if they were explaining 
their first job as a newly hired NASA engineer. 

https://www.youtube.com/watch?v=-2Az1KDn-YM
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Step 2: Research the Need or Problem 

Students can use resources from the Internet, the library, or discussions with experts to 
examine how this problem or similar problems are currently being solved by NASA. For more 
information, students can view 

• Orion Web site — http://www.nasa.gov/exploration/systems/orion 
• Space Launch System Web site — http://www.nasa.gov/exploration/systems/sls 
• “Trial by Fire” video — https://www.youtube.com/watch?v=KyZqSWWKmHQ 

 
Guiding Questions 

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

• 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? 

 
Instructional Procedure 

1. Help students answer any questions they have about the challenge. Use the Internet 
or a school library to research answers. 

2. Write down any unanswered questions and save them to ask the NASA subject 
matter expert (SME) during live connections. 

3. Use the Know, Learn, Evidence, Wonder, (KLEW) chart to help students think about 
what they are learning. 

4. Have team members fill out Step 2 in the Student Journal. 

Suggestions for Differentiation 

Below are strategies that can be used based on student readiness. 
 
Support: 

• Provide a list of reputable Web resources that students can use 
• Arrange a visit to a library 
• Pair up students to complete their research together 

 
Complexity: 

• Have students provide a properly formatted citation for one or more resources.  
  

http://www.nasa.gov/exploration/systems/orion
http://www.nasa.gov/exploration/systems/sls
https://www.youtube.com/watch?v=KyZqSWWKmHQ
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Using a KLEW Chart 

Educator Directions 

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. Students will do the following for each column: 
 
Know:  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. 

 
Learn: Record information found during investigations in this column. This information 

can be found in videos, online articles, and other sources. 
 
Evidence:  Record where they got their information and the sources they used to answer 

their questions.  
 
Wonder:  Record new questions they are wondering about as they complete their 

research. 
 
Remember to let students be flexible with their answers and ideas. Questions can be 
modified at your discretion.  
 

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? 

Students should 
complete this column 
with correct 
information they know. 

Students should 
complete this column 
using supporting 
information from 
articles, background 
information research, 
direct observation, 
and SME connections. 

Students should 
complete this column 
with sources of 
information such as 
Web sites or names of 
experts to contact. 

Students should 
complete this column 
as they move through 
the process to 
document questions. 
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Step 3: Develop Possible Solutions 

Students draw on their mathematic and scientific knowledge to brainstorm all the possible 
ways that they might solve the problem. They should choose the most promising options, 
and refine their solution by quickly sketching their ideas in the space provide in Step 3 of 
the Student Journal. Labels and arrows should be included to identify all the parts of your 
sketch. 
 
Guiding Questions 

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

• What are all the different ways your team can imagine to solve this? 
• What do we need to add to the design? 
• What could go wrong if we add to the design? 
• Is the team addressing all the criteria and constraints? 

 
Instructional Procedure 

 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 designs meet all constraints and 
criteria. 

 Have students sketch their ideas on Step 3 in the Student Journal. You could 
modify this step and show students the building materials to help visualize their 
sketch prior to beginning the drawing. 

 
Suggestions for Differentiation  

Below are strategies that can be used based on student readiness. 
 
Support: 

• Encourage students to create a series of storyboards rather than a single complete 
drawing 

 
Additional Complexity: 

• Require students to specify measurements (i.e., the hatch will be 1.25 by 2 cm) 
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Step 4: Select the Best Possible Solution(s) 

During Step 4, student teams should share their ideas and answer each other’s questions. 
Student teams should discuss and record some strengths and weaknesses from each 
design and determine which solution best meets the original need or solves the original 
problem. This may include features from more than one design.  
 
Guiding Questions  

The following guiding questions may be used 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 elements from each team member’s design represented in the final design? 

 
Instructional Procedure 

1. Ask each team member to 
discuss their ideas and drawings 
with the rest of the team. 

2. Have students record the 
strengths of each of the designs. 

3. Have students fill out Step 4 in the 
Student Journal. 

 
Suggestions for Differentiation  

Below are strategies that can be used 
based on student readiness. 
 
Support: 

• Encourage students to create a 
series of storyboards rather than 
one complete drawing 

• Have students pick one aspect or 
characteristic from each team 
member’s drawing to discuss in 
the group 

 
Complexity: 

• Require students to draw one or more parts of the design to scale  
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Step 5: Construct a Prototype 

Student teams should construct a prototype (model) of the selected best solution. 
Educators should help identify and acquire appropriate materials and tools to build the 
model. 
 

Preactivity Setup 

To mirror what engineers do on a daily basis, educators can utilize the budget sheet as an 
optional 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 value can be raised (budget increase) or lowered (budget cut) to adjust 
the level of challenge difficulty. Teams itemize their budget using the Budget Planning 
worksheet. 
 

Guiding Questions  

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

• What resources does your team need to gather? 
• What is the plan? 
• Who is doing what? 

 

Instructional Procedure 

 Ask each team to identify the design that appears to solve the problem. 
 A final diagram of the design should be drawn precisely and labeled with a key. 
 Have each team determine what materials they will need to build their design and 

assign responsibilities to team members for prototype completion. 
 Be sure to approve the final drawings before building begins. 
 After teams receive their materials to build their prototype, have them complete a 

budget sheet showing their building material costs. 
 Have teams construct their prototypes using their drawings. 
 Have teams fill out Step 5 in the Student Journal. 

 

Suggestions for Differentiation 

Below are strategies that can be used based on student readiness. 
 
Supports: 

• Give students extra time to use various tactile materials to build the model  
 
Complexity: 

• Limit materials (i.e., only 1 meter of duct tape) 
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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 
• 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 
• General building supplies for CEV assembly could include 

aluminum foil 
balloons 
binder clips 
bubble wrap 
buttons or beads 
cardboard or cardstock 
clothespins 
cloth 
coffee filters 
cotton balls 
craft sticks or tongue depressors 
empty paper towel or toilet paper 

tubes 
glue sticks 
mini foil pie plates 

modeling clay 
paper bags 
paper clips 
pennies 
plastic eggs 
plastic wrap 
rubber bands 
scissors 
skewers or stirrers 
staplers and staples 
straws 
string 
tape (masking, electrical, transparent, 

duct) 
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Budget Planning Worksheet 

Student teams are given a budget sheet like this in the Student Journal:  

The budget planning worksheet is included as a differentiation strategy that can be used 
with students. Educators have the option of including this aspect into the challenge. While 
not listed as a constraint, students can benefit by gaining an understanding of how today’s 
engineers and scientists work within 
budget constraints. 
 
Suggestions for Differentiation 

Below are strategies that can be used 
based on student readiness. 
 
Support:  

• Use one cost (i.e., every 
material is $0.25) 

 
Complexity: 

• Have students use the Internet 
to determine realistic costs for 
the materials they are using 

• Item costs can be raised 
(budget increase) or lowered 
(budget cut)  
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Safety 

Safety is a special concern for STEM-based courses and activities. School administrators, 
teachers, and educators are responsible for providing a learning environment that is safe, 
up to date, and supportive. Educators should inspect and maintain equipment and tools 
regularly to ensure they are in proper working condition. Educators should also provide 
safety instructions to students and supervise them while they are working to ensure that 
safety procedures are being followed. 
 
Students should 

 Make safety a priority during all activities. 
 Wear safety goggles when conducting the challenge. 
 Use tools and equipment in a safe manner. 
 Demonstrate respect and courtesy for other team members. 

 
Educators should 

 Approve all drawings before students start building their model to ensure safety. 
 Look for potential hazardous combinations of flimsy materials and structures. 
 Be sure resources available to student teams are clean, dry and do not have 

sharp edges. 
 Make sure all materials are not damaged or in disrepair. 
 Prohibit students from bringing in or using additional materials without prior 

approval. 
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Step 6: Test and Evaluate the Solution(s) 

Student teams should test their prototypes to determine how effectively they addressed 
the need or problem and collect data to serve as evidence of their success or need for 
improvement. 

Guiding Questions  

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? 

 
Instructional Procedure 

 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. 

 
Suggestions for Differentiation 

Below are strategies that can be used 
based on student readiness. 
 
Support: 

• Encourage students to test 
only one criteria or constraint 
at a time rather than all of 
them at once. 

 
Complexity: 

• Create a scatter plot of test 
results. 
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Step 7: Communicate the Solution(s) 

During Step 7, student teams should record and share what they learned about their design 
based on their tests. Teams will make a presentation to the class that includes how the 
solution best solved the need or problem and any improvements that could be made. 
Students may enlist students from other teams to review the solution and help identify 
changes. 
 
Guiding Questions  

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?  

 
Instructional Procedure 

 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. 

 Students should use the Team Progress Chart to document progress as they work 
on their solutions. 

 Teams should use the Student Presentation Organizer to guide them through the 
creation of the team video.  

 
Suggestions for Differentiation 

Below are strategies that can be used based on student readiness. 
 
Supports: 

• Provide a few basic yes/no questions for students to answer to determine whether 
their design was successful or not. 
 

Complexity: 
• Have students conduct poster presentations and describe their results to other 

teams. 

  



 

NASA Engineering Design Chal lenge     35  

Design a Crew Exploration Vehicle 

Step 8: Redesign 

During Step 8, student teams should consider modifying their solution based on the 
information gathered during tests and presentations. Students should revisit the original 
need or problem to ensure their modifications still meet the necessary criteria and 
constraints. Teams should go back to the engineering design process (EDP) and decide at 
which step they need to start for their redesign.  
 
Guiding Questions 

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? 

 
Instructional Procedure 

 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. 

 Have teams 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. 

 
Submit Final Design 

For the final design, use documentation from Step 7 in the Student Journal, the Student 
Presentation Organizer, and the Team Progress Chart to create a video of the design 
development and final design solution. 
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Challenge Rubric 

Engineering Design 
Process 

Exemplary = 3 Proficient = 2 Novice = 1 Not Included = 0 

Step 1: We can identify 
the challenge and the 
criteria. 

Challenge restated 
and all criteria and 
constraints 
described. 

Challenge restated 
with only the 
challenge criteria. 

Challenge story 
only was stated. 

Did not include a 
description of the 
challenge or the 
criteria. 

Step 2: We can discuss 
the results of our research 
and the connections with 
a NASA subject matter 
expert (SME). 

Three or more facts 
relating to the 
challenge were 
discussed. 

Two facts relating 
to challenge were 
discussed. 

One fact relating to 
challenge was 
discussed. 

No facts related to 
the challenge was 
discussed.  

Step 3: Each of our team 
members constructed an 
original design that 
demonstrated the 
challenge criteria. 

All criteria and 
constraints were 
represented 
(sketches and 
photos) in each 
team member’s 
design. 

Two criteria were 
represented 
(sketches and 
photos) in each 
team member’s 
design. 

One criteria was 
represented 
(sketches and 
photos) in each 
team member’s 
design. 

No criteria was 
represented. 

Step 4: Our final team 
design represented 
elements from each 
team members original 
design 

The team design 
includes the best 
from each 
member’s design to 
represent the 
challenge and the 
criteria. 

The team design 
includes ideas from 
two team 
members’ design to 
represent the 
challenge and the 
criteria. 

The team design 
includes ideas from 
one team 
member’s design to 
represent the 
challenge and the 
criteria. 

The team was not 
able to provide a 
design to meet the 
challenge and the 
criteria. 

Step 5: Our team 
constructed the model to 
represent the challenge 
criteria and constraints. 

A model was 
completed that 
met all the criteria 
and the constraints 
of the challenge. 

A model was 
completed that 
met only two of the 
criteria and 
constraints of the 
challenge. 

A model was 
completed that 
met only one of the 
criteria and 
constraints of the 
challenge. 

A model was 
completed that did 
not meet the 
criteria or the 
constraints of the 
challenge. 

Step 6: Our team 
collected and recorded 
data to test and 
evaluate solutions of our 
model. 

Data was collected 
by testing to 
represent all the 
criteria and 
constraints. 

Data was collected 
by testing to 
represent only two 
criteria. 

Data was collected 
by testing to 
represent only one 
criteria. 

No data was 
collected or testing 
completed. 

Step 7: Our team is able 
to explain a difficult issue 
of our design and how 
we solved it.  

Difficult issues were 
explained and their 
solutions described. 

Difficult issues were 
explained with no 
solutions offered. 

Difficult issue was 
unclear and no 
solution presented. 

Did not have a 
difficult issue 
discussion included. 

Step 8: Our team made 
improvements after 
testing the model. 

All improvements to 
the model were 
described. 

Two improvements 
were described. 

One improvement 
to the model was 
described. 

No improvements 
to the model was 
described. 

Our team followed the 
video production 
process. 

All the video 
requirements and 
procedures were 
met. 

Not all of the video 
requirements and 
procedures were 
met. 

One of the video 
requirements and 
procedures were 
met. 

The video 
requirements and 
procedures were 
not met. 

 
Team Name: _____________________________  Final Team Score: _____________________  
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Video Production 

When each student team has a completed prototype and progressed through all eight 
steps of the engineering design process (EDP), the team will create and produce a video 
that describes the process they followed to engineer the challenge solution. The video 
should answer the following questions: 
 

• How did the team meet the challenge criteria and constraints? 
• What happened during each step of the EDP? 

 

Student Team Video Requirements 

 All team members must talk in the video. 
 The team must be creative to tell the engineering design process story. 
 The video must be uploaded to the Y4Y Web site. 
 The video must not exceed 5 minutes. 
 Teams must use the following introduction in their script to begin their video:  

“This is team (team name) and we created a solution to the Design a Crew 
Exploration Vehicle engineering design challenge. Our video title is.......” 

 Do not identify the name of any student, teacher, school, group, city, or region in 
your video.  

Procedure 

Student teams will need to collect all the information, Student Journals, pictures, video 
clips, and prototypes they used to complete the challenge. The students should be 
creative when designing their student videos. Encourage them to use whatever 
technology and video modality in which they feel comfortable. Videos can be skits, 
posters, interviews, or demonstrations. Each team will 
 

 Develop a script that the students will read during the video. Each student must 
have a part of the script assigned to them. The students will complete the Student 
Presentation Organizer and the Team Progress Chart in the Student Journal. 

 Develop a storyboard or a video that shows the sequence of video elements, the 
script, and any materials that will show their progress through the EDP (pictures, 
data charts, and drawings).  

 Identify and discuss the team’s experience with all eight steps of the EDP. 
 Explain how they addressed each challenge criteria in their final design prototype. 
 Upload their videos to the Y4Y Web site. 

 
Student Name: ___________________________  Team Name: _________________________  
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Student Team 
Challenge Journal 
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Engineering Design Process 

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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Step 1: Identify the Need or Problem 

Background 

NASA and its industry partners are currently working on a space 
vehicle called the Crew Exploration Vehicle (CEV) that will take 
astronauts to the Moon, Mars, and other destinations. The CEV 
will be able to transport astronauts beyond low-Earth orbit and 
back again. Because the CEV may travel to the Moon, Mars, 
and other space objects, it must be designed to serve multiple 
functions and operate in a variety of environments.  
 

The Challenge 

You and your team will design and build a CEV model that can safely transport two 
astronauts on a mission to the Moon, Mars, or other space object such as an asteroid. A 
drop test will be used to determine how well the CEV will protect the astronauts during 
landing. During the drop test, the CEV will be deployed (dropped) from one, two and three 
meters to simulate landing. The astronauts must stay securely in their seats during the drop 
test. Your CEV must have an internal tank for fuel. 
 

Criteria and Constraints 
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. 

 

Based on this information and the challenge introductory video, answer the following 
questions. 
1. 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. 
 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

2. What general scientific concepts do you and your team need to consider before you 
begin solving this need or problem? 

 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

Figure 11.—Illustration of the CEV 
command module. (NASA) 
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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 Source(s) lines below. 
 
1. Who is currently working on this or a similar problem today? What solutions have they 

created? What solutions are they working on currently? 

 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

Source(s):
 ________________________________________________________________________________________________________  

 
2. What questions would you ask an expert who is currently trying to solve problems like 

this one? 

 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

 

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

 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

Source(s):
 ________________________________________________________________________________________________________   
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KLEW Chart for Students 

Student Name: ___________________________  Team Name: _________________________  

 
This Challenge is _________________________  

 

Know Learn Evidence Wonder 

What do I know about 
CEVs and space 
travel? 

What did I learn about 
CEVs and space travel 
in my research? 

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

What am I still 
wondering about CEVs 
and space travel? 
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Step 3: Develop Possible Solutions 

Sketch your idea in the space below and label each part of your drawing. If you need 
more space, use a blank sheet of paper. 
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Step 4: Select the Best Possible Solution(s) 

Collaborate with your team to analyze each team member’s final drawing using the table 
below. Based on the team discussions, determine which parts of each design will be used 
to solve the problem and which features will be included in the final team drawing. 
 

Design 
number 
Designer 

name 

Does this design meet 
all problem criteria 

and constraints? 

What are the strongest 
elements of this 

design? 

What needs to be 
improved? 

1    

2    

3    

4    
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Step 5: Construct a Prototype 

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

 
Approved by: ____________________________  
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1. Are each of the criteria represented in the final design? 

Criteria Addressed in final design? 

1. Yes                                No 

2. Yes                                No 

3. Yes                                No 

4. Yes                                No 

5. Yes                                No 

 
2. List what materials the team needs to build the prototype. 
 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  
 
3. Determine who in the group is doing what. 

Team member Responsibility 

  

  

  

  

How to calculate the volume of the internal fuel tank. The volume cannot exceed 30 cm3. 
V= π r2 h 

1. Find the radius of the circle at the top and bottom of the cylinder. 
The radius (r) is half of the measurement of the diameter of the circle. 

2. Square the radius value and multiply it by pi (π)(π = 3.14). 
3. Find the height (h) of the cylinder and multiply it by the value 

calculated in Step 2. 
 
 

r 

h 
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Budget Planning Worksheet 

Team Name: _____________________________  

Directions: As a team, complete the cost sheet below. Be sure to include all of the 
materials, quantity, unit cost (determined by your educator), and the total cost to 
complete your design. Try to keep the cost of your design low while still producing a quality 
project. 
 

Line item 
number 

Material Unit cost Quantity Item total 

1     

2     

3     

4     

5     

6     

7     

8     

9     

10     

11     

12     

13     

14     

15     

 
Total cost _______________ 
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Step 6: Test and Evaluate the Solution(s) 

Work with your team to complete the table below. Be sure to record the data from each 
of your trials.  
 

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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Drop your Crew Exploration Vehicle (CEV) model from 1, 2, and 3 meters and record the 
dependent variable.  
 
The drop height is the independent variable of this experiment. A dependent variable is 
determined by the independent variable. The number of astronauts that stayed in their 
seats during a drop is an example of a dependent variable. 
 
CEV Drop Test Table 

Independent variable  
drop height 

Dependent variables 

1 meter  

2 meters  

3 meters  

 
Did the hatch stay closed when the CEV was dropped and what materials did your team 
use to meet this criteria?  

 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

 
Did your team include internal fuel tanks on the CEV? What was used to represent the 
tanks? 

 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  
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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. 
Fill out the table below using information from your initial drawing. Record all changes, no 
matter how big or small. 
 
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   

 
All modifications to your design, both major overhauls and minor tweaks, should be 
recorded below to track the changes you made. After every test phase, complete the 
table below by describing changes and summarizing what the test results showed. 
 
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   

4   

5   
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Step 8: Redesign 

This step is designed for your team to summarize each iteration and the modifications that 
you made to the design.  Make sure to use the data collected to explain why your team 
made the changes. 
 

Design 
cycle 

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? 

1   

2   

3   

 
Did your design meet all of the constraints of the original problem during testing? If not, 
describe what problems your team discovered. 

 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

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

 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

 
How do you predict that these changes will improve the design you just tested? 

 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  
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Student Reflection Questions 

1. Describe any three steps of the engineering design process (EDP). 
 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

2. What design change was the most successful from original drawing to final prototype 
and why did that make a difference? 

 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

3. How did the EDP help with your design? 
 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

4. What was the most difficult problem your team had to solve and how was it solved? 
 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

5. Why is it important for the hatch to stay closed during the drop tests? 
 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

6. Why is it important for fuel tanks on the Crew Exploration Vehicle (CEV) to be internal? 
 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

7. What obstacles would astronauts in an actual CEV encounter? How would this 
influence the seat design? 

 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

8. Would you like to be a passenger in a CEV? Why or why not? 
 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  

 ________________________________________________________________________________________________________  
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Team Progress Chart 

Student Name: ___________________________  Team Name: _________________________  

How did your team move through the engineering design process steps? 
 

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

Step 
number 

Step name What did you do and why? Documentation for the video 
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Student Presentation Organizer 

Organize notes and review the evidence to present in the video your team will be creating 
below. 

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 3: Develop 
Possible Solutions 

Briefly discuss each 
team member’s 
original designs and 
how it contributed to 
the final design. 
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Step 4: Select the 
Best Possible 
Solution(s) 

Show what each team 
member contributed to 
the original team 
drawing. 

 

 

 

 

 

 

 

 

 

 

 

 

Step 5: Construct 
a Prototype 

Show materials used 
and how you built the 
prototype.  

 

 

 

 

 

 

 

 

 

 

 

Step 6: Test and 
Evaluate the 
Solution(s) 

Talk about how your 
team tested the design 
including results.   
 
Discuss strengths and 
weaknesses of your 
team’s prototype. 
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Step 7: 
Communicate 
the Solution 

Talk about your data. 
 
Was your team able to 
solve the problem?  
 
Talk about the most 
difficult issue your team 
had to solve and how 
you solved it. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Step 8: Redesign 

What design changes 
did your team make 
after testing?  
 
Discuss any further 
actions your team will 
take on this problem. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 





  



“The most important thing we can do is inspire young minds and to 
advance the kind of sc ience, math, and technology education that 
will help youngsters take us to the next phase of space trave l."

Senator John H. Glenn, Jr., 
NASA Astronaut and United States Senator

National Aeronautics and Space Administration

John H. Glenn Research Center
21000 Brookpark Road 
Cleveland, Ohio 44135

www.nasa.gov

NP-2016-05-025-GRC

http://www.nasa.gov
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