






FILTER THE DUST 
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OBJECTIVE 

To demonstrate an understanding of 
Engineering Design Process while 
utilizing each stage to successfully 
complete a team challenge. 

CHALLENGE 

The team mission is to design a 
reusable air-filter system that will 
identify optimal materials that could be 
used to filter the air on the Moon. 

PROCESS SKILLS 

Measuring, counting, designing, 
evaluating 

MATERIALS 

General building supplies and tools 
Pinwheel 
Paper towel tube 
Hairdryer (cool setting) 
Masking tape 
Crayons 
Air filter materials (cheesecloth, coffee 
filter, fabric) 
Lunar dust (2 cups of dirt or sand) 
Plastic spoon 
WORKSHEETS 

Imagine and Plan 
Experiment and Record 

MOTIVATE 

 Ask students to provide examples of air filters and how they are 
used on Earth. 

 Lead students to discuss why it would be important to filter air on 
the Moon, for example, in a lunar habitat or a vehicle. 

SET THE STAGE:  ASK, IMAGINE, PLAN 

 Share the Design Challenge with the students 
 Discuss the word “measure” and ask students to give examples 

of ways they could measure how far away something is from 
them. 

 Ask students to make measurements of the drawings on the 
Imagine and Plan worksheet. 

CREATE  

 Challenge the students to build an air filter device based on their 
plans. Remind them to keep within specifications.  

 While each group is working, the teacher should set up the 
pinwheel at the end of a desk. 

EXPERIMENT 

 Using the cool setting on a hairdryer, teams will test their design 
by placing the paper towel tube to the hairdryer and holding their 
design in the middle of the tube 

 Students will test the lunar dust flow and record their data. 

IMPROVE 

 If there is time, have students inspect their designs and the 
experiment results. Allow teams to rework their design if needed. 

CHALLENGE CLOSURE 

 Engage the students in the following questions: 

o Which material would not filter enough lunar dust?  
o Which material would filter the lunar dust but not let much air 

pass through? 
o Which filter material would work best on the Moon?  Why? 

PREVIEWING NEXT WEEK 

Next session students will learn about the principles of energy 
transfer.  When humans go to the Moon, we will need to protect our 
bodies from the extreme differences in temperature.  Have students 
think of examples their families use for thermal protection, such as if 
they go camping! 
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DESIGN CHALLENGE 

Lunar Dust Buster 

Have you ever opened a fragile item packed in a box filled with Styrofoam peanuts? If you plunge 

your hands into the foam peanuts to search for the item, when you pull it out foam peanuts are 

clinging to your arms. Try to brush them off, and they won't fall off—instead, they seem to hop 

away, only to cling to your legs or elsewhere. The smaller peanuts seem to cling even tighter.  In 

fact, if you break a foam peanut into bits, the tiny lightweight bits are almost impossible to brush 

off.  This behavior is classic static cling.  It's also the behavior of lunar dust and possibly also 

Martian dust. 

The dozen Apollo astronauts who landed on the Moon between 1969 and 1972 found moon dust 

to be an unexpected challenge. Not only was it so rough that it wore partially through the outer 

gloves of their space suits, but also it stuck to everything. The more they tried to brush it away, the 

more it worked its way into the space suits' fabric.  Lunar dust can be unsafe for humans to 

breathe and it is now a challenge to find a way to filter the air.  NASA astronauts will need proper 

air filters to allow them to live and work on the Moon. 

The Challenge: Your mission is to design a reusable air-filter that will identify materials that could 

be used to filter the air on the Moon.  The challenge is to identify which material allows the right 

amount of airflow.  Your team must design an air filter that tests three different materials.  The 

design must meet the following constraints: 

1. The filter must be reusable.  You may not use glue or tape to attach it to the paper towel 

tube. 

2. Air must pass through your filter.  You will test this by using a hairdryer and a pinwheel as 

you count the number of rotations it makes with each material. 

3. Filter materials must block out a large amount of lunar dust.  You will test this by gently 

shaking dirt through each material and measuring the before and after amounts. 
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IMAGINE AND PLAN 
Using Crayons to Practice Measurement 

How many crayons long is each picture?  Write a number next to each picture 

to show the length in crayon measurements.  Remember to keep using the same 

crayon! 

 
1. The arrow is _____ crayons long. 

 
 

 
 
2.  The row of rocks is _____ crayons long. 

 
 
3.  The row of leaves is _____ crayons long. 

 
 
Draw a picture to show how you will attach each filter material to the tube. 

 
 
 
 
 
 
 
 
 
 
 
 
 

What type of fabric will you use as your third material choice? 

_____________________________________________________________________________ 
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EXPERIMENT AND RECORD 

Your teacher should already have the pinwheel attached to the end of 

the desk.  Use a piece of masking tape to mark one blade on your 

pinwheel.  This will help you count how many times the pinwheel spins 

for each filter test.   

Turn on the hairdryer and try different positions of the filter from the 

pinwheel.  Using your crayons, measure the distance between your filter and the 

pinwheel.  Identify the farthest distance that the filter can be held from the 

pinwheel and still make it spin.  Record that distance in the table below. 

Using a stopwatch, count the number of times the pinwheel rotates in 15 

seconds.  Record the data below. 

   

Filter Material Distance of Filter from 
Pinwheel (Number of 

crayon lengths) 

Number of Pinwheel 
Rotations in 15 seconds 

Cheesecloth   

Coffee Filter   

Fabric   
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EXPERIMENT AND RECORD (continued) 

Now you will test each filter material to find out how much lunar dust will pass 

through. 

1. Test only one material at a time.  Place the cheesecloth flat on the desk 

or table. Add two scoops of dirt into the middle of the filter.   

2. Pick up both sides of each filter and hold it over a plate or piece of 

paper.  Gently shake it for 5 to 10 seconds to allow the dirt to pass 

through the filter material.  

3. Draw a picture in the correct box below to show how much dirt passed 

through each filter. 

4. Repeat steps 1-3 for the coffee filter and fabric and record the data in 

the table below. 

Cheesecloth Coffee Filter Fabric 
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OBJECTIVE 
To demonstrate an understanding of 
Engineering Design Process while 
utilizing each stage to successfully 
complete a team challenge. 

CHALLENGE 
The team mission is to gather and 
analyze data in order to understand the 
relationships between temperature and 
energy. 

PROCESS SKILLS 
Scientific inquiry, measuring, data 
analysis 

MATERIALS 
Thermometers 
plastic cups 
glow sticks 
hot and cold tap water 
WORKSHEETS 
Imagine and Plan 
Experiment and Record 

 

MOTIVATE 

 Let students pretend to be molecules. First have them stand still 
and close together.  Then have the students wiggle and then 
walk and move around to demonstrate more thermal energy 
entering the system. Have them move faster and jump up and 
down as even more thermal energy enters the system. Then 
have the students stop to notice where they are standing. (Note: 
They should be much farther apart and should feel much warmer 
than they were originally.) 

SET THE STAGE:  ASK, IMAGINE, PLAN 

 Share the Design Challenge with the students 

CREATE  

 Students should gather their materials and set up for the 
experiment.  Remind them that heat is the results of more 
movement from molecules.  Have students predict what they 
think might happen to the glow sticks. 

EXPERIMENT 

 Have students follow the directions on the Experiment and 
Record worksheet to complete their experiment. 

IMPROVE 

 If there is time, have students explore ideas of other ways they 
could investigate the relationship between temperature and 
energy. 

CHALLENGE CLOSURE 

 Engage the students in the following questions: 

o Explain what happened to the glow stick when placed in hot 
water?  In cold water? 

o What was happening to the molecules inside of the glow 
stick with each type of water?  Were they moving faster or 
slower? 

PREVIEWING NEXT WEEK 

The Moon is a very harsh environment.  There is no atmosphere to 
protect astronauts and their equipment from solar radiation and the 
extreme temperature swings between night and day.  Next session, 
we will begin to find ways to protect astronauts from those extreme 
temperature changes by experimenting with insulation. 
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DESIGN CHALLENGE 

Oh, to not have an atmosphere! 

There is no atmosphere on the Moon, so temperatures fluctuate through a very wide range.  In the 

shadowed areas of the Moon, the temperature ranges from as low as  –180 oC (or – 300 oF), and 

in the sunlit areas it is about 100oC (or 212oF), which is the boiling point for water!  These are 

serious extremes for human beings! Furthermore, there are spots on the Moon that are 

permanently exposed to the Sun, and others permanently in shadow.  It is in the permanently 

shadowed areas of some craters that scientists believe may have water ice. 

Anyone living on the Moon, even for a short while, will have to deal with this temperature variation 

and be protected properly from damaging effects.  Thus we must understand how heat moves.  

So how can we prevent heat from being transferred to or from our bodies? In other words, how 

can we insulate ourselves from the wide variations of temperature in the lunar environment? 

The Challenge: Your mission is to complete an experiment that will help you understand how 

heat, or thermal energy, moves, and what factors affect the rate of temperature change. 
Follow these steps to complete the experiment: 

1. Assign each group member a job for this experiment:  Materials Manager, Recorder, and 

Thermometer Reader.  

2. The Materials Manager must collect necessary materials for experiment and label the 

outsides of each plastic cup so you know which cup is the hot water and which is the cold 

water. 

3. Remove a glowstick from its wrapper and activate it as directed on the wrapper. 

4. Using a graduated cylinder, collect 50 mL of cold tap water and pour it into one plastic cup.  

Repeat for hot water. 

5. The thermometer reader should place the thermometer into the cups and let the Recorder 

know the starting temperature for each cup of water.   

6. Place the glowsticks into both cups and record your observations. 
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IMAGINE AND PLAN 

Take a few minutes and discuss with your team members a definition of HEAT 

and TEMPERATURE.  Draw some objects that come to mind when you use these 

two words. 

 

 

 
 

 

 

 

 

Draw out the experimental set-up as your teacher explained in the Design 

Challenge.  Make sure to label everything. 
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EXPERIMENT AND RECORD 
1. Collect necessary materials for experiment and label the outsides of each 

plastic cup so you know which cup is the hot water and which is the cold 

water. 

2. Using a graduated cylinder, collect 50 mL of cold tap water and pour it 

into one plastic cup.  Repeat for hot water (from the tap). 

3. Record the temperature for each cup of water in the table below. 

4. Place the activated glow sticks into each cup of water and turn off the 

lights in the room. 

Cup Temperature 
(oC) 

Glowstick Observation 

 

 
 

Hot 

 

 
 

 

 

 

 

 

 

 
 

Cold 
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OBJECTIVE 

To demonstrate an understanding of 
Engineering Design Process while 
utilizing each stage to successfully 
complete a team challenge. 

CHALLENGE 

The team mission is to apply the 
understanding of thermal transfer to 
design a Lunar Thermos that will hold 
100ml of water constant to within 5o 
over 5 minutes. 

PROCESS SKILLS 

Experimental design, measuring, 
graphing and data analysis 

MATERIALS 

General building supplies 
Thermometers 
Stopwatches 
Graduate cylinders 
Small and large plastic/styrafoam cups 
Insulating materials (e.g. bubble wrap, 
paper, towels, sand, water, foil, etc) 
WORKSHEETS 

Imagine and Plan 
Experiment and Record 

MOTIVATE 

 Ever wonder how much is involved in today’s spacesuits?  
Check out this interactive site to learn about NASA’s spacesuits: 
http://www.nasa.gov/audience/foreducators/spacesuits/home/ 

clickable_suit.html 

SET THE STAGE:  ASK, IMAGINE, PLAN 

 Share the Design Challenge with the students 
 Have students first recall what thermal energy transfer is and 

draw a pictures that depicts a warm human standing on the 
Moon during a cold, lunar night.  Then have the students draw 
the opposite, a “cool” human standing in the extreme heat of a 
hot lunar day. 

CREATE  

 Have students practice measuring temperature on the 
thermometer. 

 Challenge the students to devise a system to keep water at a 
constant temperature. 

EXPERIMENT 

 Have students follow the directions on the Experiment and 
Record worksheet to complete their experiment. 

IMPROVE 

 If there is time, have students inspect their designs and the 
experiment results. Allow teams to rework their design if needed. 

CHALLENGE CLOSURE 

 Engage the students in  the following questions: 

o Did your thermos keep the cold water at a constant 
temperature for 5 minutes? 

o What would have been different if you were trying to keep 
hot water from cooling off instead of keeping cold water from 
warming up? 

o How would you make your thermos more effective? 

PREVIEWING NEXT WEEK 

This session we were trying to stop the transfer of heat energy using 
insulation.  What if we needed to capture heat energy?  Why would 
we need to capture heat energy if we wanted to live on the Moon? 
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DESIGN CHALLENGE 

Protecting humans while exploring the Moon 

When we go to the Moon, we will need to protect our bodies from the extreme differences in 

temperature (remember, the Moon’s surface temperature can go from -180oC to 100oC in just one 

day!).  Just think about the number of layers you would wear when going outside on a very cold 

winter’s day.  We want to keep our bodies at a fairly constant temperature.  Since humans are 

mostly composed of water, how can we keep from losing or gaining too much heat energy? 

The Challenge:  Your mission is to find an insulating material that can help keep humans at a 

steady temperature while working on the Moon.  Your team will need to keep 100 ml of water at a 

relatively constant temperature by designing and building a “Lunar Thermos”.  Your “Thermos” 

should change by no more than 5o over 5 minutes.  You can use any combination of materials to 

use as your insulation. 
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IMAGINE AND PLAN 
Draw a picture of a warm human standing on the Moon in the cold, lunar night.  

In your picture, show how heat moves between the human and the air around 

him or her.  Make sure to label the arrows warm and cool. 
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IMAGINE AND PLAN (continued) 

Now imagine that the sun comes up, and the human is standing on the hot lunar 

surface.  Draw a picture showing how heat moves between the human and the 

air around him or her.  Make sure to label the arrows warm and cool. 
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IMAGINE AND PLAN (continued) 

Now, imagine a method for keeping the human not too warm, not too cool, but 

just right!  Draw a showing a method for keeping the human at an ideal 

temperature for the cold nights and hot days. 
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EXPERIMENT AND RECORD 
1. Collect necessary materials and insulate your cup. 

2. Record the temperature of the room:  _____________ oC 

3. Using a graduated cylinder, collect 100 mL of warm tap water and pour it 

into the insulated plastic cup. 

4. Record the temperature of the water every 30 seconds for 5 minutes 

total.  Record your results below. 

 

Time 
Min:sec 

Warm Water 
Temperature 

oC 

0:00  

0:30  

1:00  

1:30  

2:00  

2:30  

3:00  

3:30  

4:00  

4:30  

5:00  
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OBJECTIVE 

To demonstrate an understanding of 
Engineering Design Process while 
utilizing each stage to successfully 
complete a team challenge. 

CHALLENGE 

The team mission is to design and 
build a solar box cooker, and test it out 
to see if it works well enough to make 
S’mores! 

PROCESS SKILLS 

Experimental design, measuring, 
graphing and data analysis 

MATERIALS 

Thermometer 
Timers 
Cardboard box 
Aluminum pans 
Aluminum foil 
Black construction paper 
One piece of plexiglass big enough to 
cover the box or plastic wrap 
Sunshine, OR gooseneck lamp with 
100 W bulb 
S’mores fixin’s (graham crackers, 
marshmallows and chocolate) 
Oven mitts 
WORKSHEETS 

Imagine and Plan 
Experiment and Record 

 

MOTIVATE 

 Have students watch the video “Living on the Moon“: 

http://svs.gsfc.nasa.gov/goto?10515 

SET THE STAGE:  ASK, IMAGINE, PLAN 

 Share the Design Challenge with the students 
 Tell students that if they succeed in their design, a tasty treat will 

be had! 

CREATE  

 Hand out the materials to the students and challenge them to 
build their own solar ovens. 

EXPERIMENT 

 Have students follow the directions on the Experiment and 
Record worksheet to complete their experiment. 

 Once the oven is built, students should place a S’more and the 
thermometer in the box and close the plexiglass lid. 

 Place the box in direct sunlight (they may have to tilt the box so 
that there are no shadows inside).  If it is a cloudy day, use a 
goose neck lamp with the 100W bulb. 

 Ensure students use oven mitts when moving the plexiglass lid 
or removing items from the solar oven once exposed to the sun. 

IMPROVE 

 If there is time, have students inspect their designs and the 
experiment results. Allow teams to rework their design if needed. 

CHALLENGE CLOSURE 

 Engage the students with the following questions: 

o Whose oven got to the highest temperature? 
o Whose oven melted the marshmallows and the chocolate? 
o Does it make a difference to use actual sunlight compared to 

light from a lamp?  Why or why not? 
o What else could you cook using a solar oven? 

END OF PROGRAM 

This session concludes the NASA Beginning, Engineering, Science 
and Technology activities.  Students now should have a firm grasp of 
the Engineering Design Process and how it is applied in real 
applications of our quest to travel to the Moon, Mars and beyond. Fill 
out a certificate for each student for completing all the steps to 
becoming a  NASA BEST student (p.?). 
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DESIGN CHALLENGE 

Can we cook while on the Moon? 

While we might have to bring just about everything with us when we establish a habitat on the 

Moon, one thing we won’t need is solar energy.  There may be no atmosphere, no climate nor 

weather on the Moon, but that all means it DOES make it an ideal place to collect solar energy. 

The majority of the Moon is exposed to sunlight constantly, except briefly during a rare lunar 

eclipse. If that energy could be harnessed, we could use it to power most everything in our 

habitat…including that most important device that helps us cook our food – an oven! 

The Challenge:  Your mission is to design and build a solar oven to 

cook your own S’mores simply using a cardboard box, aluminum 

foil, black paper and some plastic wrap.  Your solar oven must meet 

the following specifications: 

1. It must have a “footprint” of no more than 40 cm x 40 cm. 

2. In 10 minutes, the temperature inside the box must increase 

by 10oC.  

3. You may use any available materials to line the bottom and 

inside of box. 
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IMAGINE AND PLAN 

Place a piece of white paper and a piece of black construction paper outside in 

the sun or under a lamp.  Place a thermometer on top of each piece of paper.  

Let it sit for 5 minutes.  

Which piece of paper had a higher temperature on the thermometer? 

__________________________________________________________ 

Which paper absorbed most heat energy? 

__________________________________________________________ 

How can using aluminum foil increase the temperature? 

__________________________________________________________ 

__________________________________________________________ 

Using the answers above, design your solar oven: 
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EXPERIMENT AND RECORD 

1. Using the materials provided, build you solar oven based on your design.   

2.  Place one S’more in the middle of the oven (1 graham cracker, 1 piece of 

chocolate, 1 marshmallow) and the thermometer.  Cover with plastic wrap 

and begin cooking.   

3. Record the temperature in the table below.  Make sure to use oven mitts 

when manipulating anything inside the oven! 

Time 
Min:sec 

Oven Temperature 
oC 

0:00  

1:00  

2:00  

3:00  

4:00  

5:00  

Did your S’mores melt?  _______ 

 

If you could make changes to your solar oven, what would you do?   

__________________________________________________________ 

__________________________________________________________ 

__________________________________________________________ 
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ALIGNMENT TO NATIONAL STANDARDS 

SCIENCE  
 

K 
 

1 
 

2 

Science as Inquiry    
   Develop abilities necessary to do scientific inquiry.    

   Develop understanding about scientific inquiry.    

Science and Technology    
   Develop abilities to technological design.    

   Develop understanding about science and technology.    

History of Nature and Science    
   Develop understanding of science as a human endeavor.    

TECHNOLOGY & ENGINEERING  
Creativity and Innovation    
   Apply existing knowledge to generate new ideas, products or 
   processes. 

   

   Create original works as a means of personal or group expression.    

   Use models and simulations to explore complex systems and 
   issues. 

   

Research and Information Fluency     
   Locate, organize, analyze, evaluate, synthesize and ethically use 
   information from a variety of sources and media. 

   

   Evaluate and select information sources and digital tools based on 
   the appropriateness to specific tasks. 

   

Critical Thinking, Problem Solving, and Decision Making    
   Identify and define authentic problems and significant questions 
   for investigation. 

   

Digital Citizenship    
   Exhibit a positive attitude toward using technology that supports 
   collaboration, learning and productivity. 

   
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MATHEMATICS K 1 2 
Numbers and Operations    
   Understand numbers, ways of representing numbers, relationships 
   among numbers and number systems. 

   

   Compute fluently and make reasonable estimates.    
Count with understanding and recognize "how many" in sets of 
objects. 

   

Connect number words and numerals to the quantities they 
represent, using various physical models and representations. 

   

Measurement    
   Understand measureable attributes of objects and the units,  
   systems, and processes of measurement. 

   

   Apply appropriate techniques, tools, and formulas to determine  
   measurements. 

   

Data Analysis and Probability    
   Formulate questions that can be addressed with data and collect,  
   organize, and display relevant data to answer them. 

   

   Develop and evaluate inferences and predictions that are based  
   on data. 

   

Problem Solving    
   Build new mathematical knowledge through problem solving.    
   Solve problems that arise in mathematical and in other contexts.    
   Apply and adapt a variety of appropriate strategies to solve 
   problems. 

   

Communication    
   Communicate mathematical thinking coherently and clearly to  
   peers, teachers and others. 

   

   Analyze and evaluate the mathematical thinking and strategies of  
   others. 

   

   Use the language of mathematics to express mathematical ideas  
   precisely. 

   

Connections    
   Recognize and apply mathematics in contexts outside of  
   mathematics. 

   
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ORIGINATING MATERAL 
Build a Satellite to Orbit the Moon adapted from  

www.lpi.usra.edu/education/explore/moon/lro.shtml 

Launch Your Satellite adapted from Rockets Educator Guide 

www.nasa.gov/pdf/58269main_Rockets.Guide.pdf 

Prepare for a Mission adapted from Principles of Remote Exploration at 

learners.gsfc.nasa.gov/PREP/ 

Design the new Crew Exploration Vehicle! adapted from NASA’s KSNN™ 21st Century 
Explorer newsbreak “What will replace the space shuttle?”  at 

education.jsc.nasa.gov/explorers/pdf/p5_educator.pdf 

Build a Solar Oven was adapted from Lunar Nautics, but is also a very popular activity found in 

many science textbooks. 

www.nasa.gov/audience/foreducators/topnav/materials/listbytype/ 

Lunar_Nautics_Designing_a_Mission.html 



                                                         
                                                        National Aeronautics and Space Administration 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

This certifies that 
 

__________________________________ 
 

is  officially a NASA BEST STUDENT! 
 

For the achievment in understanding and 
applying the Engineering Design Process. 

 
 

______________________ 

______________________ 


