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Introductory Video

View the video at http://y4y.ed.gov/stemchallenge/nasa

Presenter
Presentation Notes
This video introduces the challenge and how it relates to NASA research being conducted across the Agency.

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


The Engineering Design Process

Identify a Need 
or Problem

Research

Design

Model

Test and 
Improve

Communicate,
Explain,

and 
Share

Presenter
Presentation Notes
The engineering design process (EDP) is a cycle of steps that a team of engineers uses to guide their work in solving a problem that leads to development of a new product or system. The model was adapted from the Massachusetts Department of Education.Identify a Need or Problem. This phase is designed to ask this question: How can we design a model that will meet the criteria and constraints of the challenge? Research. During the research phase, students will find the answers to their questions by exploring the internet, visiting a library, or interviewing a NASA scientist or engineer. Design. In the design phase, each student will draw a model that could solve the challenge. Teams will combine the drawings and design a team model drawing that meets the criteria and constraints. Model. In the model phase, the team will use their drawing to build their model. Test and Improve. The model will be tested. Teams will gather and evaluate data to improve the design. Communicate, Explain, and Share. During each phase, the team will record and share progress. Teams should discuss the design solutions and present ideas to others, describing the engineering design process. 



NASA Engineering Design Challenge

Safe Travels: The Challenge

NASA and its partners are working on a 
space vehicle called Orion. It will take 
astronauts to the Moon, Mars, and other 
destinations in space. 

Orion will take astronauts beyond low Earth 
orbit and bring them safely back. Orion  
must be designed to serve multiple functions 
and operate in a variety of environments. 

An artist’s rendition of Orion orbiting the Earth. 
(NASA)



NASA Engineering Design Challenge

STEM Investigations 

• Support student learning of background information 
• Explore primary concepts used during the challenge

Crash-test dummies were installed into Orion test
capsule crew seats before being dropped into NASA
Langley Research Center’s Hydro Impact Basin. (NASA)

Tunnel view looking up from level 5 of the Zero Gravity
Research Facility. This tower provides researchers with a
near-weightless environment for 5.18 seconds. (NASA)

Presenter
Presentation Notes
The STEM Investigations are encouraged to help students think about some of the science concepts that will be helpful when they work on problem solving for the challenge.



NASA Engineering Design Challenge

STEM Investigation 1:
Egg Drop Challenge
• You will investigate various materials that may absorb 

energy when an object is dropped and hits the ground.

• Your goal is to protect the egg from breaking.

• You will identify the difference between balanced and 
unbalanced forces.
Hint: Have you played Tug of War? What happens when both 
sides have equal strength? The forces are balanced. What if 
one side has five students and the other has one student? 
Likely the forces would be unbalanced and the five-student 
side would win.

How can you protect your 
egg from breaking when it is 
dropped?

Presenter
Presentation Notes
Basic conceptIn this activity, students will discover how to protect a falling object using readily available classroom materials. Use the following questions as discussion prompts: • Which of the available materials do you think will perform best in this challenge? • You are about to throw a ball, but it is still in your hand. Does it have motion? Is this a balanced or an unbalanced force? (Hint: When an object is not moving, that is a balanced force.) The Egg Drop Challenge activity shows that an object gains energy (speed) as it falls to the ground. Students investigated materials that may have protected the egg from being damaged as it lands. This activity can also provide an opportunity to learn about balanced and unbalanced forces. When the egg is in a student’s hand, the forces acting upon the egg are balanced and the egg does not fall to the ground. Once the student lets go of the egg and it is falling to the ground, gravity is acting as an unbalanced force on the egg. 



NASA Engineering Design Challenge

STEM Investigation 1: Egg Drop Challenge

Discussion

• What are some of the ways you and your team discovered to protect 
the egg?

• How do you think these ideas can help protect astronauts and 
science equipment?

Presenter
Presentation Notes
Each discussion is based on the standard Think–Pair–Share strategy, which encourages individual participation, collaborative learning, and higher-level thinking. This strategy consists of three parts: Think: Students think independently about the question that has been posed.Pair: Students are paired to discuss their thoughts. Share: Students share their ideas with the whole class. 



NASA Engineering Design Challenge

STEM Investigation 2: 
Wall Smashers

• You will investigate the energy of a 
rolling object and what happens to 
that energy when it hits another object.

• You will investigate different materials 
to try and slow a rolling object so that 
when it hits another object there will be 
less damage. 

• You will identify the difference between 
balanced and unbalanced forces.

Presenter
Presentation Notes
Guiding Questions Use the following question as a discussion prompt: • When an object returns to Earth, it is not traveling on a ramp, so how could you use friction material to help slow down the object? The Wall Smashers activity used a ball traveling down a ramp to simulate an object entering the atmosphere from space, with the wall simulating the surface of the planet. Students held the ball still at the top of the ramp—an example of a balanced force—and then released the ball—an example of an unbalanced force once the ball was moving. If students are familiar with the basic idea of gravity being a force pulling an object down, it can be mentioned in this investigation.



NASA Engineering Design Challenge

STEM Investigation 2: Wall Smashers

Discussion

1. What are some of the ways you and your team discovered to slow down 
the ball?

2. How do you think these ideas can help protect astronauts and science 
equipment from being damaged?

Presenter
Presentation Notes
Each discussion is based on the standard Think–Pair–Share strategy, which encourages individual participation, collaborative learning, and higher-level thinking. This strategy consists of three parts: Think: Students think independently about the question that has been posed.Pair: Students are paired to discuss their thoughts. Share: Students share their ideas with the whole class. 



NASA Engineering Design Challenge 

Teamwork
Develop a team name, mission patch, and vision statement. Then, 
work together as a team to complete the challenge.

Jobs

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 model to complete 
testing

Technical writer/videographer – Records and organizes data and 
prepares documentation via text, pictures, and/or video to be 
reported and published

This Apollo 11 patch depicts an
eagle landing on the Moon with
a view of the Earth in the
background. (NASA)

Presenter
Presentation Notes
Students will work in teams for the challenge, but pairs for the STEM investigationsPlease note: Roles should be rotated among team members so that everyone can do each aspect of the engineering team.Also, this slide corresponds to a page in the student journal.



NASA Engineering Design Challenge

Safe Travels: The Challenge

Criteria and Constraints 

Astronaut Seats
• The spacecraft model must be designed with seats for two astronaut 

figures. 
• The astronauts must stay in their seats during the drop test without being 

glued or taped in place.

Hatch
• The spacecraft must have one hatch that opens and closes for the 

astronauts to safely enter or exit. 
• The hatch must stay closed during the drop test.

Spacecraft Size
• The model spacecraft must fit within the container your teacher gives you. 
• The total mass of the model spacecraft must not be more than 100 grams. 

Illustration of the Orion command 
module. (NASA)

Presenter
Presentation Notes
Differentiation SuggestionsConsider making the spacecraft in advance. Have students concentrate on securing the crew inside and testing the design.Consider eliminating the mass restriction. Have students concentrate on securing the crew inside and ensuring the safety of the capsule with a working hatch.The hatch criteria can be removed. If the hatch criteria are removed for varied learners, they can be added back to enhance the challenge once students become more familiar with the engineering design process.Reflect on the STEM Investigations and how what was learned can apply to solving the challenge.



NASA Engineering Design Challenge

Materials Needed
The following is a suggested list of materials 
needed to complete the challenge. 
• General building supplies 
• Digital scale or balance
• Measuring tape that includes metric units
• Rulers that include metric units
• Mailing tube, oatmeal canister, or small coffee 

can for meeting size constraint
• Grid paper
• 2 plastic people figures, 3 to 7 centimeters tall

Presenter
Presentation Notes
Additional materials may be needed. The quantity will depend on the number of students participating. Alternatives and additional materials can be used if desired, but be mindful of safety when allowing students to bring in or handle materials that could potentially be dangerous.Real-World ConnectionA budgetary constraint is added as part of the EDC. Teams should use the Budget Reporting Worksheet to determine the cost of their solution.How to Use the Budget Reporting Worksheet• Set specific prices for the materials students will use.• Set a specific budget for the challenge.• Provide students with a price sheet so teams can use that list to keep track of the cost of the items for the challenge.



NASA Engineering Design Challenge

Identify a Need or Problem

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

• What is the problem you and your team will be 
working on in this challenge?

• What are the things our solution must do? 

• What are the things our solution must not do? 
Orion uncrewed test 

December 5, 2014. (NASA)

Presenter
Presentation Notes
Review the criteria and constraints of the design challenge.ObjectivesStudents will be able to identify the problem of this engineering design challenge (EDC).Students will be able to identify the criteria and constraints of this EDC.Differentiation SuggestionsAllow 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 and discuss with students.Allow student designs to meet one challenge requirement successfully before introducing additional requirements.



NASA Engineering Design Challenge

Research 

Conduct research and record what you know, what you wonder, and what 
you learn about the challenge. 

Use these questions as a guide when researching your questions:

• Where can you find more information about the topic?

• What questions would you ask a NASA scientist or engineer who is currently trying to 
solve problems like this one?

• Why are we trying to solve this problem?

• What objects in this room have been made or developed by a scientist?

Capture an image for the team’s presentation product

Presenter
Presentation Notes
ObjectivesStudents will be able to analyze the need or problem and research possible solutions. Students will be able to think about questions to ask a NASA scientist or engineer about the challenge problem. Modifications Provide a list of reputable online resources students can use.Arrange a visit to a library.Pair up students to complete their research together.EnrichmentHave students provide a properly formatted citation for one or more resources. Career ConnectionArrange for different types of engineers to visit and allow students to discuss engineering with them.Technology ConnectionHave students build QR codes containing the information they learn. Teams can then create questions for a Family Night scavenger hunt. Community participants can search for answers by using an app to scan the QR codes. 



NASA Engineering Design Challenge

Research With a NASA Scientist or Engineer
Connecting With NASA

• First, watch this video in which Commander Sunita Williams gives a 
tour of the International Space Station to find out about space 
travel and living in space.

• Second, connect with a NASA scientist or engineer to learn more!
Potential Questions

• What do NASA scientists and engineers design that may affect our 
daily lives?

• What kinds of jobs are found at NASA?
• Is working in a team important at NASA?

Presenter
Presentation Notes
Let students know that they will be able to connect with a NASA scientist or engineer during this program.Facilitate learning by asking the following guiding questions:What questions could you ask a scientist or engineer who is currently working on this problem?What does the NASA person we are connecting with do at NASA?Why are engineers trying to solve the problem in the challenge we are working on?Why is this an important problem to solve?



NASA Engineering Design Challenge

Design

How can I solve the problem?

Use your research and scientific knowledge to brainstorm 
all the possible ways you can think of to design a solution. 
Now, sketch your idea for a solution in your Student 
Journal. 

Use these questions as a guide when brainstorming your 
ideas:
• What are all the different ways I can imagine to solve 

this?
• What do I need to add to the design?
• Does my drawing address all the criteria and 

constraints?

Presenter
Presentation Notes
Remind students to document their work for the final presentation.ObjectivesStudents will use knowledge gained to design a possible solution.Debriefing QuestionsHow does my drawing represent the criteria and the constraints of the challenge?What are the strengths and weaknesses of my individual drawing of my model?Differentiation SuggestionsShow students the building materials prior to beginning the drawing.Allow students to experiment with different materials to build their model before they draw their design.Give students an 11- by 17-inch sheet of paper to construct a collaborative team drawing. Require students to make a scale drawing using proper ratios.Technology ConnectionHave students use a computer program to design a 3D model of the team prototype and, if time permits, present to the whole group.



NASA Engineering Design Challenge

Team Discussion and Selection

Work with your team to share ideas and answer each other’s 
questions. Then, create a design to solve the problem that has 
elements from more than one team member’s final drawing 
and meets the criteria and constraints.

Use these questions to guide team collaboration:

• What is one strength of each student’s individual design?

• How can that be incorporated into a group 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?

Presenter
Presentation Notes
Remind students to document their work for the final presentation.Objectives • Student teams will compare and contrast designs within the team and collaborate to create a team design that meets the criteria and constraints. Guiding Questions • How can the team collaborate to design our best solution idea? • Does the drawing address all the criteria and constraints? ModificationHave students pick one aspect or characteristic at a time from each team member’s drawing to discuss in the group.EnrichmentRequire students to draw one or more parts of the design to scale.



NASA Engineering Design Challenge

Model

Choose ideas from each team member. Create a team 
design of the model your team will be testing. Be sure to 
label all parts and make a key. 

Use these questions to guide your construction plan:

• How can our team create a model representing the team’s 
design from available and provided building materials?

• How can our team create a budget sheet that will record 
and calculate the material cost of the team’s model within 
an established budget?

• How can our team Communicate, Explain, and Share the 
reasons for the team’s decisions, research, and 
improvements?

Presenter
Presentation Notes
As you let teams work, make sure they are documenting their work. ObjectivesStudents will create a model representing the team’s design from available materials.Students will create a budget sheet that will record and calculate the material cost of the team’s model within an established budget.Differentiation SuggestionsGive students extra time to explore various materials prior to building the model. Limit materials to add complexity (e.g., only 1 meter of duct tape).Students can compare and contrast their models and write a persuasive paragraph arguing for what should and should not be in their final design and why.Debriefing QuestionsHow can we create a model representing the team’s design from available materials?How did we create a model within the established budget for materials?Did we make sure we met all of the criteria and constraints?What are two engineering ideas the team had during this phase? How can we Communicate, Explain, and Share the reasons for the team’s decisions, research, and improvements?



NASA Engineering Design Challenge

Test and Improve

Conducting tests of the team model and then recording 
the results are what engineers do when trying to solve a 
problem. During each of the drop tests, observe how 
your team model met the criteria and constraints of the 
challenge.

Use these questions to guide you in this step:

• How can our team conduct tests that represent the 
criteria and constraints of the challenge? 

• How will our team identify areas for model 
improvements based on test data? 

Presenter
Presentation Notes
Objectives Students will conduct tests of the model solution.Students will identify areas for improvement based on test data.Students will identify whether any part of the model needs to be redesigned. Student teams will move forward or return to previous EDP phases if they need to redesign the model based on new research or test data.Debriefing QuestionsHow did the data from our tests represent the criteria and the constraints of the challenge?What areas of our model need to be improved based on the test data?What were the reasons for the model’s failure during the tests? How can these issues be addressed during the redesign of the model?Differentiation SuggestionsEncourage students to test only one criteria or constraint at a time rather than all of them at once.Allow students extra time to test and record their model’s iterations.



NASA Engineering Design Challenge

Communicate, Explain, and Share

Scientists often reflect on ongoing experiments in 
order to move forward with more and better 
information. Take time to reflect on your progress. 

• How can our team Communicate, Explain, and 
Share the reasons for the team’s decisions, 
research, and improvements?

• How can the team use technology to represent 
and describe our solution to the challenge?

Presenter
Presentation Notes
Throughout the process, students will take time to reflect on their progress and consider what steps should be taken next. For this challenge, students will exchange feedback with their peers, both one-on-one and as a classroom. Oral and written peer feedback will help students improve their solutions and designs. It is important for students to learn the peer-review process and to be accepting of others’ suggestions. Students will complete the Communicate, Explain, and Share pages after each step to maintain direction and focus during the engineering design process (EDP).Objective • Students will communicate complex ideas clearly and effectively by creating or using a variety of digital objects such as visualizations, models, or simulations to create a final presentation of the engineering design challenge. Debriefing Questions • Were complex ideas communicated clearly through digital means? • How was technology used to describe the team’s progress through the EDP? 



NASA Engineering Design Challenge

Communicate, Explain, and Share

Documenting the solution and design is essential 
to conveying how it works, how it solves the 
identified need or problem, and how it meets 
the criteria and constraints. Use the Presentation 
Script sections to help create your team’s 
presentation that will be submitted when the 
challenge has been completed.



NASA Engineering Design Challenge

Conclusion

Students teams, have you

• Created a video or slide presentation 
documenting what the team has done during 
the engineering design process and challenge?

• Used the Student Presentation Organizer and 
presentation scripts to help with 
communication?

• Determined that the presentation meets the 
criteria for submission?

• Submitted a video product for review?



NASA Engineering Design Challenge

Submitting Your Presentation

To submit your final video or slide presentation, follow the instructions on 
the Y4Y (You for Youth) website: https://y4y.ed.gov/stemchallenge/nasa

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