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Figure 25. Engineering design process model. Model and accompanying text adapted from the 2016 Massachusetts Science and Technology/Engineering Curriculum Framework, Massachusetts Department of Elementary
and Secondary Education, http://www.doe.mass.edu/frameworks/scitech/2016-04.pdf.

[bookmark: _1tuee74][bookmark: _4du1wux]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. 

[bookmark: _GoBack]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. 


[bookmark: _Toc3804098][bookmark: _Toc5344689][bookmark: _Toc45517802]Engineering Design Process
Directions: Use the diagram of the engineering design process to answer the questions.
Questions 
1. What is the first phase of the engineering design process?
Click or tap here to enter text.

1. What do you think is the second phase of the engineering design process? Why?
Click or tap here to enter text.

2. What is the phase of the engineering design process when your team observes whether your possible solution works or not? Is it okay to have your model fail? 
Click or tap here to enter text.

3. When using the engineering design process, can you repeat phases? Why?
Click or tap here to enter text.


	Presentation Script
Directions: Use the prompts to create your script for the final presentation.

Talk about two things you learned about the engineering design process. 
Click or tap here to enter text.
Is there a phase of the engineering design process that you have used before? 
Click or tap here to enter text.
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You and your team will design and construct a drag device that will slow down the cargo bay when it is dropped from a consistent height. (Use the Cargo Bay Template in the back of this guide.) You will test your model and collect data. 

For the test, your model will be dropped from a height of 2 meters. First, test the cargo bay without the drag device attached. Then test with the device attached. The drag device must remain attached to the cargo bay after the drop test. The cargo bay must hold 10 grams of weight secured inside. You must show improvements in slowing down your model as you test the drag device each time. Figure 26. Illustration of NASA’s InSight lander descending toward the surface of Mars with its parachute. The lander arrived on Mars in November 2018. (NASA)

[bookmark: _Toc4138852]Criteria (MUST) and Constraints (MUST NOT)
1. The team must make a drag device and connect it to the cargo bay. The device must make the cargo bay slow down when dropped. 
2. The drag device and cargo bay must be dropped from 2 meters and must stay attached throughout the drop.
3. Your team cargo bay must hold 10 grams of cargo protected inside.
4. The total mass must not be greater than 50 grams.
[bookmark: _Toc4138853]
What is the problem you and your team will be working on in this challenge?
Click or tap here to enter text.

Our design MUSTClick or tap here to enter text.
Our design MUST NOTClick or tap here to enter text.
	Presentation Script
Directions: Use the prompts to create your script for the final presentation.
Write an introduction to your video that describes your team and the challenge. Start with the following sentence:
“This is team (team name) and we worked on the (name of challenge). The title of our presentation is (title).”
Click or tap here to enter text.




[bookmark: _Toc45517804]Research 
[bookmark: _hd156mdobt6m][image: ]Directions: You will conduct research and record what you already know, what you wonder, and what you learn (KWL). After reading the challenge and watching the Introductory Video, work with your team on this KWL chart.

	KWL Chart
	What do I know?
	What do I wonder?
	What have I learned?
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[bookmark: _Toc4138855][image: ]Directions: Use this before, during, and after your connection with a NASA scientist or engineer. 

	NASA Connection KWL Chart
	What do I know?
	What do I wonder?
	What have I learned?

	
	
	

	
	
	

	
	
	

	
	
	


[bookmark: _Toc4577179]NASA Scientist and Engineer Connection Notes
1. Who are we speaking to?
Click or tap here to enter text.
5. What kind of scientist or engineer is the person we are speaking to?
Click or tap here to enter text.
6. How long has this person worked at NASA?
Click or tap here to enter text.
7. Why are engineers trying to solve the problems or need presented in this challenge? 
Click or tap here to enter text.
8. Why do you think this is an important problem to solve?
Click or tap here to enter text.

	[bookmark: _279ka65][bookmark: _Toc4138856]Presentation Script: Research 
Directions: Use the prompts to create your script for the final presentation.
1. We learned two facts about this challenge:
Click or tap here to enter text.
10. We also researched our problem and learned
Click or tap here to enter text.
11. We found our information (internet, books, library). (Write down the name of the site or book where you found the information.) 
Click or tap here to enter text.
12. We talked with a NASA person whose name is
Click or tap here to enter text.
13. This person is a __________________________________________________________ engineer or scientist who works on
Click or tap here to enter text.
14. One interesting fact we learned from this person is
Click or tap here to enter text.
Include a photo of your NASA Connection KWL chart or your discussion with a NASA scientist or engineer and any videos you may have taken during this phase of the engineering design process.




[bookmark: _Toc45517806]Design Your Idea 
[image: ]Individual Design: How can I solve the problem?
Click or tap here to enter text.
Sketch your initial design and label each part of your drawing. 


Notes (list what materials you may use, how big the model will be, how it will be constructed, etc.):
Click or tap here to enter text.

Approved by: Click or tap here to enter text.
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Directions: Meet with your team to discuss each team member’s final drawing using the table below. The most promising solution ideas should include elements from more than one design. Remember what the criteria and constraints are!

	Designer Name
	Does this design meet all problem criteria and constraints?
	What are the strongest elements of this design?

	1  
	
	

	2
	
	

	3
	
	




[bookmark: _36ei31r][bookmark: _1ljsd9k][bookmark: _Toc3804105][bookmark: _Toc5344695][bookmark: _Toc45517808][bookmark: _Toc4138859]Stop and Check 
Directions: Review the engineering design process by answering the following questions. If you answered “No” to any of the questions, go back and review the material.


	Questions
	Response 
(check one)

	Did we determine what needed to be solved or resolved?
	☐ Yes 
☐ No

	Did we research how to solve the problem?
	☐ Yes
☐ No

	Did we ask a NASA scientist or engineer our questions? 
	☐ Yes
☐ No

	Did we design a solution that met all the criteria and constraints?
	☐ Yes
☐ No

	Have we included ideas from all team members’ drawings in our team design?
	☐ Yes
☐ No

	Do we have a team drawing?
	☐ Yes 
☐ No





[bookmark: _Toc3804106][bookmark: _Toc5344696][bookmark: _Toc45517809][bookmark: _Toc4138861]Team Model 
Directions: 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 a larger sheet of paper if needed.

Approved by Click or tap here to enter text.
For which part of the build will each team member be responsible?
	Team Member’s Name
	
	
	
	

	Responsibilities in the building process
	
	
	
	


[bookmark: _45jfvxd]List what materials will need to be gathered.
Click or tap here to enter text.
Use the Budget Reporting Worksheet to record how much your team is spending. This is what real-life engineers and scientists do for all of their projects.
[bookmark: _Toc3804107][bookmark: _Toc5344697][bookmark: _Toc45517810]Budget Reporting Worksheet 
Real-World Connections
Directions: As a team, complete the cost sheet below. Be sure to include all materials needed, unit cost, and quantity (how many) needed to complete your design. At the end, add up the total cost of your solution.

After entering the Unit Cost and Quantity, right-click on the $0.00 in the Item Total column and select Update Field to calculate the total for each item and the total cost.

	Line Item Number
	Material
	Unit Cost
	Quantity
	Item Total

	1
	
	0.00
	0.0
	$   0.00

	2
	
	0.00
	0
	$   0.00

	3
	
	0.00
	0
	$   0.00

	4
	
	0.00
	0
	$   0.00

	5
	
	0.00
	0
	$   0.00

	6
	
	0.00
	0
	$   0.00

	7
	
	0.00
	0
	$   0.00

	8
	
	0.00
	0
	$   0.00

	9
	
	0.00
	0
	$   0.00

	10
	
	0.00
	0
	$   0.00

	11
	
	0.00
	0
	$   0.00

	12
	
	0.00
	0
	$   0.00

	13
	
	0.00
	0
	$   0.00

	14
	
	0.00
	0
	$   0.00

	
	
	
	Total Cost:
	$   0.00


[bookmark: _Toc45517811]

Model Data Sheet
1. Does the model meet all of the criteria and constraints?
	☐ Yes                 ☐ No

16. Does the spacecraft stay together when tested?
	☐ Yes                ☐ No

17. If not, explain what happened.
Click or tap here to enter text.
[bookmark: _Toc3880429]Construction Checklist
	 The drag device slows down the 
fall of the 
cargo bay
	The drag device and cargo bay stay attached 
during the test
	The cargo bay has 10 grams of cargo secured inside
	The total mass 
of the model is less than 50 grams

	☐ Yes
☐ No
	☐ Yes
☐No
	☐ Yes
☐ No
	☐ Yes 
☐ No



	[bookmark: _2koq656][bookmark: _Toc4138862]Presentation Script
Directions: Use the prompts to create your script for the final presentation.

These are two ways the team worked together to build our model:
1. Click or tap here to enter text.
2. Click or tap here to enter text.

This is how we included all of the data in our presentation:
Click or tap here to enter text.




[bookmark: _Toc45517812]Test Data Sheet
Directions: Before your team puts the drag device on the cargo bay, do a drop test on the item. This is called a control test and will help your team know how well the drag device design is working. Then attach the drag device and test the model three times to see how well it performs. For each test, observe how the spacecraft reacts to the impact with the ground. Record your observations here.

	2-Meter 
Drop Test
	Did the cargo bay remain attached to the drag device?
	Did the drag device slow down the fall of the spacecraft?
	Time 
of 
Drop
	Observations

	Control Test  Without the drag device attached
	 
	 
	Trial 1: xx
	 

	
	
	
	Trial 2: xx
	

	
	
	
	Trial 3: xx
	

	Test 1 
With the 
drag device
	 
	 
	Trial 1:
	

	
	
	
	Trial 2:
	

	
	
	
	Trial 3: 
	

	Test 2 
With an improvement 
	 
	 
	Trial 1:
	

	
	
	
	Trial 2:
	

	
	
	
	Trial 3: 
	

	Test 3 
With an improvement 
	 
	 
	Trial 1:
	

	
	
	
	Trial 2:
	

	
	
	
	Trial 3: 
	


[bookmark: _zu0gcz][bookmark: _Toc4138863][bookmark: _Toc45517813]Team Data Sheet
[image: ]Directions: Using the results from your drop tests, make the necessary improvements to your model. After each drop test, record the improvements made by your team to the spacecraft. 

	Improvement following the 2-Meter Drop Test
	How can we improve keeping the cargo bay attached to the drag device?
	How can we improve keeping the spacecraft together?
	How can we improve our drag device to slow down the fall of the spacecraft?
	Explain and Share

	Improvement 1
	 
	 
	 
	 

	Improvement 2 
	
	
	
	

	Improvement 3
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Directions: Review the engineering design process by answering the following questions. If you answered “No” to any of the questions, go back and review the material.

	Questions
	Response 
(check one)

	Did we create a plan to solve the engineering design challenge?
	☐ Yes
☐ No

	Did we decide a role for everyone in our group?
	☐ Yes
☐ No

	Did the design meet all the criteria and constraints?
	☐ Yes
☐ No

	Was the model tested 3 times?
	☐ Yes
☐ No

	Did we describe what did or did not work in our design?
	☐ Yes 
☐ No

	Did we describe how the design could be improved?
	☐ Yes
☐ No

	Did we provide feedback to our team members and document the discussion?
	☐ Yes 
☐ No

	Did we use all the phases of the engineering design process in the engineering design challenge?
	☐ Yes 
☐ No




[bookmark: _Toc4138865][bookmark: _Toc45517815]Communicate, Explain, and Share
Presentation Script
Use this page to share details about your data and your final model. 
The data we collected during the engineering design process (EDP) support the challenge. Here are the data that show how we met ALL the criteria (include photos or use video to communicate this phase of the EDP):
Click or tap here to enter text.

Does the final design solve the challenge? 
	☐ Yes      ☐ No
What were the strengths of the team model(s)? What were the concerns?
Click or tap here to enter text.

Describe the improvements the team made to the model. 
Click or tap here to enter text.

What two suggestions does your team have for future engineers who would like to solve this challenge? 
1. Click or tap here to enter text.
2. Click or tap here to enter text.


M2M: Mission to Mars
M2M: Mission to Mars
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