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Identify a Need or Problem
How can we engineer a solution by designing, building, testing, and improving a prototype that will meet the criteria and constraints of the NASA challenge? 
Research
During the Research phase, our team will locate the answers to our questions by exploring the internet, delving into NASA resources, and interviewing a NASA scientist or engineer. 
Design
In the Design phase, our team will draw a prototype that could solve the challenge. Team members will combine their ideas and designs into one team drawing that will meet all the criteria and constraints of the NASA challenge. 
Prototype
Throughout the Prototype phase, our team will work collaboratively to construct our proposed prototype according to our drawing. 
Test and Evaluate
In the Test and Evaluate phase, our prototype will be subjected to tests to determine its ability to meet all the criteria and constraints of the NASA challenge. From each of the tests, our team will gather and evaluate our data to improve the design of our prototype.
Communicate, Explain, and Share
During each phase, our team will record and share our progress through the engineering design process (EDP). Our team will communicate our design solutions, share our ideas with others, and explain each phase of the EDP. 
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Answer the following questions:

1. Why is it important to follow the engineering design process (EDP) when solving a challenge?
Click or tap here to enter text.
How has NASA used the EDP to explore the Moon?
Click or tap here to enter text.
Which STEM career do you find the most interesting? 
Click or tap here to enter text.
What have you discovered about this STEM career from your internet search?
Click or tap here to enter text.


Identify a Need or Problem: Lunar Water Identify a Need 
or Problem

Student name Click or tap here to enter text. Team name Click or tap here to enter text.
Scenario
While living on the Moon, it is essential that the water consumed in the lunar habitat is recycled, purified, and reused. Because of the limited-weight requirements to ship cargo on the Space Launch System (SLS) and Orion spacecraft, the amount of water that can be transported and supplied for long-term missions must be precisely calculated. Artist's concept of astronauts walking on the Moon's surface during an Artemis mission. (NASA)


All the water used by the astronauts on the International Space Station (ISS) is recycled, purified, and returned back into the ISS water systems. In a space habitat, this wastewater—also known as gray water—includes moisture exhaled by the astronauts, sweat from their workouts, and water from food preparation, shaving, and the bathroom shower. 
During the Artemis program, the gray water will be recycled, purified, and reused both on the Gateway and in the lunar habitat. For the lunar crew living and working on the Moon, the purified water must have a pH range of 6.0 to 8.5 and be clear of all debris. It should also be odorless.
Lunar Water ChallengeArtist's impression of a multidome lunar base, based on a three-dimensional (3D) printing concept. Robots will cover the inflated domes with a layer of 3D-printed lunar regolith to help protect occupants against space radiation and micrometeoroids. (ESA, P. Carril)

The Lunar Water Challenge question is this: How can gray water be recycled, purified, and reused so that it can sustain our astronauts in the lunar habitat?
The challenge is for each team to design, develop, and test a water filter that will recycle, repurpose, and transform gray wastewater into purified drinking water for the lunar habitat. 
To begin, each team will need to develop a water filter that consists of both a container and filtering material that will clean the pollutants and contaminants out of the water. The water filter will have an opening where the gray water is poured into the filter. Once the gray water has drained through the filter, the purified water will be collected in a graduated cylinder.
The second part of the Lunar Water Challenge will address the filtration materials themselves. Unlike on Earth, the used filter material cannot be distributed or buried. Each team will provide recommendations or suggestions describing the safest way to process the used filter material, which now contains contaminants that have been separated from the water.

Challenge GuidelinesIdentify a Need 
or Problem

Student teams will

1. Gather and record test data that describes both the clean water (bottled drinking water) and the gray water (four parts water and one part Italian salad dressing). Record pH levels and observations on odor, debris, and contaminants.This is just one example of a lunar water container that could hold the filtration materials.

Measure and record the mass of the filtration materials used in the water filter in grams (g).
Using a graduated cylinder, measure and record the following:
a. Amount of gray water to be poured into the filter
b. Amount of water that drains out of the filter
With a timer, measure and record the amount of time it takes the gray water to seep through the filter.
Once the water filtration process is complete, develop a disposal plan that includes suggestions on how to safely dispose of the filtration material without dispersing it on the lunar surface.
Challenge Criteria
Develop a water filter that will clean 250 mL of gray water as determined by the following four tests:
1. pH Scale Test: The pH of the filtered water must measure as neutral (between 6.5 and 7).
Debris Test: The filtered water must be observed as clear, with no floating debris.
Odor Test: The filtered water must not smell like Italian salad dressing.
Contaminants Test: All pollutants and contaminants that were in the gray water must be removed by the filter.
Challenge Constraints
1. The filter must process 250 mL of water.
The mass of the filtration materials (up to three different types) together with the container must not exceed 1,000 g of mass.
The graduated cylinder used to collect the discharged water draining through the filter must be large enough to accommodate the filtered water.


Identify a Need 
or Problem

Introductory Video
Student name Click or tap here to enter text. Team name Click or tap here to enter text.
Directions: With your team, watch the introductory video. Identify information about the challenge, including what your prototype MUST DO and what it MUST NOT do (criteria and constraints).

Using your own words, restate the problem:

How can we design a Click or tap here to enter text.


Our prototype will Click or tap here to enter text.


What information did you discover from the introductory video regarding the Lunar Water Challenge and water on the Moon?

Click or tap here to enter text.
Click or tap here to enter text.
Click or tap here to enter text.
Click or tap here to enter text.
Click or tap here to enter text.






Identify a Need 
or Problem

Discussion Questions

Student name Click or tap here to enter text. Team name Click or tap here to enter text.
Directions: Answer the following discussion questions.
1. How are the Earth and the Moon similar? How are they different?
Click or tap here to enter text.
2. How will the lack of a water cycle on the Moon impact the lunar crew?
Click or tap here to enter text.
3. Why must the disposal of the filter material be considered in the design?
Click or tap here to enter text.

Student Team Presentation Script: Introduction
Directions: Write an introduction to your presentation that describes your team and the challenge (1 minute).

“This is team (team name), and we worked on the (name of challenge). The title of our presentation is (presentation title).”

Click or tap here to enter text.
[bookmark: _Toc3804100][bookmark: _Toc8280048]
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KWL Chart
Student name Click or tap here to enter text. Team name Click or tap here to enter text.
Directions: After reading the challenge and watching the introductory video, complete the KWL chart with your team.

KWL Chart: Research
	What do we know?
	What do we need to know?
	What did we learn?

	 
	
	 

	 
	
	 

	 
	
	 

	 
	
	 

	
	
	

	 
	
	 




[image: ]Research Discussion Questions
Student name Click or tap here to enter text. Team name Click or tap here to enter text.
Directions: Answer the following discussion questions.
1. How is water recycled in my city or region?
Click or tap here to enter text.
How are impurities, pollution, and bacteria removed from my drinking water?
Click or tap here to enter text.
How is water recycled on the International Space Station?
Click or tap here to enter text.

Student Team Presentation Script: Research
Write a script for your presentation that describes your discoveries. Your script should be under 
1 minute.

Describe what your team discovered during the Research phase. 
Click or tap here to enter text.

[image: ]NASA Virtual Connection: KWL Chart
Student name Click or tap here to enter text. Team name Click or tap here to enter text.

Directions: Complete the following KWL chart during your virtual connection with a NASA scientist or engineer.

KWL Chart: Virtual Connection
	What do we know?
	What do we need to know?
	What did we learn?

	 
	
	 

	 
	
	 

	 
	
	 

	 
	
	 

	
	
	

	 
	
	 




[image: ]NASA Virtual Connection Questions
Student name Click or tap here to enter text. Team name Click or tap here to enter text.

Directions: Complete the following questions after your connection with a NASA scientist or engineer.

1. What is the name of the scientist or engineer? At which NASA center is the scientist or engineer located?
Click or tap here to enter text.
What kind of scientist or engineer did your team talk to? What is the person’s role at NASA?
Click or tap here to enter text.
What advice did the scientist or engineer offer to your team?
Click or tap here to enter text.

Student Team Presentation Script: Research Phase
Directions: Describe what your team discovered during the Research phase. (1 minute)
Which STEM career did you find most interesting?
Click or tap here to enter text.
What did you discover when you talked with the NASA scientist or engineer?
Click or tap here to enter text.




[bookmark: _Toc59625039][image: ]Design
Individual Design
Student name Click or tap here to enter text. Team name Click or tap here to enter text.
Directions: Sketch your initial design in the space below and label each part of your drawing. 


How does your drawing represent the criteria and the constraints of the challenge?

Click or tap here to enter text.

Click or tap here to enter text.


[image: ]
Choosing the Best Designs
Student name Click or tap here to enter text. Team name Click or tap here to enter text.
Directions: As a team, discuss each member’s final drawing using the table below. The most promising solution should include elements from more than one design. Remember to include all the criteria and constraints of the challenge.

	Designer name
	Does this design meet the criteria and constraints of the challenge?
	What are the strongest elements of this design?

	1
	
	

	2
	
	

	3
	
	

	4
	
	





[image: ]
Team Design
Student name Click or tap here to enter text. Team name Click or tap here to enter text.
Directions: Choose the best ideas from each team member and create a team design of the prototype. 

Answer the following discussion questions.
1. What filtration materials do you think will be the best to use for each layer?
Click or tap here to enter text.
What contaminant do you predict each layer of your filter will clean out of the gray water?
Click or tap here to enter text.
Explain how your filter meets the criteria and constraints of the challenge.
Click or tap here to enter text.
Approved by: Click or tap here to enter text.

[image: ]
Student Team Presentation Script: Team Design
Student name Click or tap here to enter text. Team name Click or tap here to enter text.
Directions: Write a paragraph for your team presentation script that describes your team design. For this section, your script should be no longer than 1 minute.
How does your design meet the criteria and the constraints of the challenge? 
Click or tap here to enter text.





Prototype 
Student name Click or tap here to enter text. Team name Click or tap here to enter text.	
Directions: Using the materials provided, build a prototype based on your team design. Make sure your team’s prototype meets all the criteria and constraints of the challenge.
Which part of the build will each team member be responsible for?
	
	Engineer
	Accountant
	Videographer
	Manager

	Team member’s name
	
	
	
	


Construction Checklist
	
	Filtration materials
(up to three types)
	Filter can process 250 mL of gray water
	Filter and container do not exceed 
1,000 g
	Gray water
(4 parts water, 
1 part Italian dressing)
	Graduated cylinder for final water collection

	Describe your prototype
	
	
	
	
	


Answer the following discussion questions.
1.  In what ways did we work together, collaboratively as a team, to build our prototype?
Click or tap here to enter text.
1. Why did you choose the specific filtration materials?
Click or tap here to enter text.
Explain the construction decisions your team made while building your prototype.
Click or tap here to enter text.
How does your prototype meet the criteria and constraints of the challenge?
Click or tap here to enter text.

Student Team Presentation Script: Prototype
Student name Click or tap here to enter text. Team name Click or tap here to enter text.
Write a paragraph describing how your team constructed your prototype. Your script should be no longer than 1 minute.
How did your prototype meet the criteria and constraints of the challenge?
Click or tap here to enter text.





Worksheet
Student name Click or tap here to enter text. Team name Click or tap here to enter text.
Directions: The accountant on your team will complete the Budget Worksheet. In the table, record all the materials your team used in the build, the individual unit cost, and the quantity needed to complete your prototype. In the last column, calculate the total for each item in order to determine the total cost of your prototype.

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
	$   0.00

	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: _Toc59625041]Test and Evaluate
Student name Click or tap here to enter text. Team name Click or tap here to enter text.
[image: ]Data Collection Sheet
Directions: Begin by collecting data on 250 mL of bottled water and 250 mL of gray water before it is poured into the filter. Record your observations and data in the chart. 
Gray Water and Bottled Water: Unfiltered Data
	Water type
	Mass of water,
 g
	pH scale test (litmus paper)
	Debris test (floating debris)
	Odor test (detection of 
salad dressing)
	Contaminants test (pollutants and oils present; water 
clear or cloudy)

	Bottled water (250 mL)
	
	
	
	
	

	Gray water (250 mL)
	
	
	
	
	

	
	
	
	
	
	



Directions: As a team, conduct the first test of your water filter using up to three different filtration materials. Using a stopwatch, time and record how long the water takes to drain through the filter. In the chart below, observe and record how the filtration materials remove the contamination.
Filtered Gray Water Data Chart: Test 1
	Material 
(up to 
three)
	Mass of filter,
 g
	Time to drain through filter,
sec
	pH scale test (litmus paper)
	Debris test (floating debris)
	Odor test (detection of 
salad dressing)
	Contaminants test (pollutants and oils present; water 
clear or cloudy)

	1.
2.
3.
	
	
	
	
	
	



Using the results from Test 1, how would you improve your filter?
Click or tap here to enter text.


[image: ]Directions: As a team, conduct the second and third tests with your water filter using different filtration materials (or a different combination of materials) than you used in Test 1. Using a stopwatch, time and record how long the water takes to drain through the filter. Observe and record in the charts below how the filtration materials remove the contamination. 
Filtered Gray Water Data Chart: Test 2
	Material 
(up to 
three)
	Mass of filter,
 g
	Time to drain through filter,
sec
	pH scale test (litmus paper)
	Debris test (floating debris)
	Odor test (detection of 
salad dressing)
	Contaminants test (pollutants and oils present; water 
clear or cloudy)

	1.
2.
3.
	
	
	
	
	
	



Using the results from Test 2, how would you improve your filter?
Click or tap here to enter text.

Filtered Gray Water Data Chart: Test 3
	Material 
(up to 
three)
	Mass of filter,
 g
	Time to drain through filter,
sec
	pH scale test (litmus paper)
	Debris test (floating debris)
	Odor test (detection of 
salad dressing)
	Contaminants test (pollutants and oils present; water 
clear or cloudy)

	1.
2.
3.
	
	
	
	
	
	



1. Using the results from Test 3, how would you improve your filter?
Click or tap here to enter text.
2. What combination of filtration materials best recycled the gray water? Why?
Click or tap here to enter text.


[image: ]Time Tests
Student name Click or tap here to enter text. Team name Click or tap here to enter text.
Directions: Use the Time Chart below to record the time it took for 250 mL of gray water to drain through your filter during Tests 1, 2, and 3. Also list the filtration materials that were included in the filter used for each test.
Time Chart
	Test
	Filtration material
	Time to drain through filter, 
seconds

	1
	
	

	2
	
	

	3
	
	



Directions: In the chart below, construct a line graph that represents the time data. Along the bottom of the graph (x-axis), include the name of each test (Test 1, Test 2, and Test 3). On the left side of the graph (y-axis), include the time results. Draw the corresponding plot points for each of the three tests. Complete the graph by connecting the points with a line.
Graph name: __________________________________



[image: ]Filtration Material Disposal

Student name Click or tap here to enter text. Team name Click or tap here to enter text.
Directions: In the box below, provide a recommendation on how to best dispose of, recycle, or reuse the filtration material from the lunar water filter. Dispersing it on the lunar surface is not an option. Include your recommendation in your team presentation.
Our team recommends that the best process to dispose of the filtration material in the lunar habitat is:
Click or tap here to enter text.

Student Team Presentation Script: Test and Evaluate
Directions: Write a paragraph describing your team’s most successful lunar water filter. Make your script no longer than 1 minute.
How did your lunar water filter solve the challenge? What were the strengths, and what were the concerns? What suggestions does your team have for future engineers who would like to solve this challenge? 
Click or tap here to enter text.



[bookmark: _Toc59625042]Communicate, Explain, and Share 

Communicate,
Explain,
and 
Share

Student name Click or tap here to enter text. Team name Click or tap here to enter text.

Student Team Presentation Script: Communicate, Explain, and Share
Write a paragraph describing your team’s final lunar water filter. This script should be no more than 1 minute.

What are your team’s final thoughts regarding the challenge?
Click or tap here to enter text.
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