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Gather details
•  Learn about what others have done.
•  Explore possible materials or processes you could use for your design.
•  Conduct scientific experiments to gather data.

Come up with different ways to solve the problem
•  Use your creativity to think of lots of ideas that could work.
•  Evaluate the pros and cons of each idea.
•  Pick one idea that is a good starting point.

Figure out the details of your design
•  Discuss how it will work.
•  Draw diagrams and list materials.
•  Decide how you will test and evaluate.

Build your design
•  Follow your plan.
•  Fix small problems.
•  Record any changes to your plan.

Evaluate how well your design works
•  Test multiple times.
•  Record your observations and findings.
•  Figure out which parts are working well and which parts are not.

Make changes to your design based on testing
•  Decide what to change.
•  Put your changes into a new plan.
•  Build your improved design and test again.

Share your solution with others
•  Explain the strengths and weaknesses of your solution.
•  Share how you used the Engineering Design Process.
•  Ask people for feedback.

Understand the engineering problem
•  Define the problem in your own words.
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In engineering, guidelines for your design are 
called criteria and constraints. 

• Criteria are things your design needs to do.
• Constraints are ways that you are limited—

things you cannot have or do.

Criteria:
Things you or your tower needs to do.

You will work in groups to engineer your tower.

Your tower needs to be as tall as possible, but it also needs to 
support a marshmallow at the top.

Your tower should hold the marshmallow for at least 10 seconds.

Here are the criteria and constraints for your tower:

Marshmallow Tower
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Constraints:
Ways that you or your tower is limited.

You get only 20 strands of dry spaghetti, 3 feet of tape, 3 feet 
of string, and 1 marshmallow (along with scissors and a ruler to 
use as tools).

The scissors and ruler cannot be used as a part of the structure.

You only have 20 minutes to work on your towers.
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Imagine eating chicken that has been 
sitting around for 3 months, or eggs that 
were scrambled 5 days ago. Most people 
would probably pass on those meals! 
Astronauts in space do not have a choice. 
They need to eat foods that have been 
preserved for a long time—in some cases 
for years. 

Engineers at NASA create the foods that 
astronauts eat in space. The longer most 
foods sit, the more likely it is that mold 
and bacteria will begin to grow. Engineers need to design ways to prevent mold 
and bacteria. They also make sure that the food tastes good, has an appealing 
texture, and is nutritious even after being preserved for a very long time. 

Foods engineered by NASA need to be easy to eat when there is no gravity. 
Everything in the space shuttle will float. That means crumbs or liquids can float 
into a computer or someone’s bed. To help solve these problems, many foods 
that astronauts eat are freeze dried and placed in bags. Astronauts might add hot 
water to the bag to cook the food before eating it.

NASA engineers are now working 
to prepare foods that astronauts 
could eat on a mission to Mars. 
They need to plan over 7,000 
meals and snacks that could 
feed six people for up to 5 years. 
Engineers may need to design 
packages or plastics that preserve 
food in new ways. Stay tuned to 
learn more about the technologies 
these engineers come up with!
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Use the space below to imagine 
technologies that could help you eat 
cereal under the sea. 

Cereal Under the Sea
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 My Puffed Rice Treat Process
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Tape the steps of your puffed rice treat process below. Write in any notes 

you need to help make the process clear.

1

3

4
5

2

7
6
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Describe the different puffed rice treats you tasted below. How do they  
compare? Do you think changes in the process made a difference? 

Puffed Rice Treats Tasting
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  From Milk to Ice Cream
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Note that if you shake 
the bag too much, you 

will prevent the ice cream 
mixture from freezing 

because the ice crystals can 
not form. Shake and knead 

gently.

You will need:

1/2 cup base ingredient (choose one)
   heavy cream
   light cream
   fruit juice

You will also need:
  1 tsp vanilla extract            4 cups ice    timer
  1 tbsp sugar             4 tbsp salt    duct tape
  1 small bag             1 large bag    measuring spoons 

1. Choose one of the base ingredients and add it to the small bag 
along with the sugar and vanilla extract.

2. Squeeze out the air from the small bag. Seal the small bag and 
reinforce with duct tape.

3. Add the salt and the ice to the large bag. 
4. Place the small bag inside of the large bag. Make sure that the salt 

and ice are evenly distributed around the small bag.
5. Squeeze out the air from the large bag. Seal the large bag.
6. Start the timer and gently shake the bag for 10 minutes.
7. Use a towel to hold the bag if your hands get cold as you are shaking. 

Base Ingredient Notes
Ingredient % Butterfat
Heavy cream 36%
Light cream 18 to 30%
Fruit juice 0%
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Investigation 1

Which base ingredient did you use?

What was the result? How would you describe the properties or qualities of your 
batch of ice cream?

Use this page to keep track of your investigations!

Investigate the Ice Cream Process
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Ice Cream 
Sample Name

How does it 
look?

1 = poor
10 = good

How does it 
taste?

1 = poor
10 = good

Notes Base
 Ingredient

Note: Taste and rank the ice cream FIRST. Then go back to your favorite ice cream 
and record notes about the base ingredient used.

Ice Cream Rubric
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Talk with your group and decide what you want your ice cream to be like.

Our Flavor Will Be: 

The Color Will Be: 

Choose the Goals for Your Ice Cream

Which base ingredient and process will you use? Will you change the amount of any of 
the ingredients used in Investigation 1? Will you change the order of any of the steps?

Record Your Base Ingredient and Process

My Ice Cream Goals
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Investigation 2

Which base ingredient did you use?

  heavy cream        light cream          fruit juice

Record the process you used to make your ice cream. Be sure to include ingredient 
amounts. 
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How can you improve this rubric so that it measures how well your ice cream meets 
your goals for flavor, color, and texture? (1 is the lowest rating; 10 is the highest) Add 

your own categories in the blank rows below.

Improved Ice Cream Rubric
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Ice Cream 
Qualities Rating from 1-10 Notes

How does it 
look?

How does it 
taste?
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Here are the seven functions of a package. Not all packages have every 
function. It depends on the problem the package is engineered to solve!

Contain
Does the package keep 

the product inside?

Carry
Is the package 
easy to carry?

Communicate
Does the package give 
you information about 

what is inside?

Dispense
Does the package 

release its contents in 
a controlled way?

Display
Does the package let 

you see what is inside?

Preserve
Does the package keep 

the contents fresh?

Protect
Does the package 

protect the contents 
from damage?

Functions of a Package
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Plan your ice cream package design below. Think about how you might use the 
materials to help you meet the criteria and constraints.

Package Engineering
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Criteria

Your package must be able to contain 1 
cup of water.
Your package needs to stay closed when 
turned upside down.
Your package needs to protect ice cream 
from melting when it is under the heat 
lamp for 5 minutes.

Constraints
You will only be able to use the materials 
listed.
You will have 30 minutes to engineer your 
package. 

Materials:

 plastic wrap 
 paper
 plastic container
 paper bowls
 aluminum foil
 plastic bowls
 cardboard box
 resealable plastic bag
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Edible Packaging 
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Packages You Can Eat!

Let’s take a moment to think about your average school lunch—but 
not about the food in the lunch. Instead, think about the packaging. 
There might be a plastic container that holds yogurt or pudding, 
a cardboard carton for milk, or a bag containing chips or pretzels. 
Now multiply those packages from one lunch by the millions of kids 
who eat lunch at school every day. Suddenly you’ve got a pretty big 
waste problem!

As problem solvers, engineers have also identified this problem, 
and some are trying to solve it by asking an interesting question. 
What if we didn’t have to throw away the packages containing these 
foods? What if you could eat the packages?1

 
Now, some engineers are working on creating these edible 
packages. Using chemical engineering processes, they’ve 
engineered a gelatin-like peel or coating that can surround liquids, 
such as juice or milk, or more solid foods like yogurt and ice cream. 

David Edwards, an 
engineer, has started a 
company called WikiCells 
that is designed to make 
this fantasy of edible 
packaging a reality. 
Edwards says he hopes the 
following scene becomes 
common someday. 

“I get home, and I hand 
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  Edible Packaging
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[the food] to my son, and he hands it to his friend. And then the 
friend says, ‘But did you wash your hands?’ At that point, I clean 
it as I do fruit and vegetables today. I can run water over it, and it 
doesn’t dissolve, actually. And it can be cleaned, and then I can eat 
it.”2

WikiCells does lots of product testing with potential customers to 
help them improve their products. What do you think? Would you 
eat a yogurt pearl or an orange juice sphere? 

1 http://www.bloomberg.com/bw/articles/2013-02-28/david-edwardss-wikicell-makes-edible-food-packaging
2 /http://www.pbs.org/wgbh/nova/tech/packaging-you-can-eat.html
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Improve (Ice Cream Process)
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Record improvements you make to your base ingredient and process.

Investigation 3

Which base ingredient did you use?

  heavy cream        light cream          fruit juice

Record the process you used to make your ice cream. Be sure to include ingredient 
amounts. 
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Criteria
Your package must be able to contain 1 
cup of water.
Your package needs to stay closed when 
turned upside down.
Your package needs to protect ice cream 
from melting when it is under the heat 
lamp for 5 minutes.

Constraints
You will only be able to use the materials 
listed.

You will have 30 minutes to engineer your 
package. 

If you are improving your package design, use the space below to mark your new 
material choices and draw your new package.

Materials:

 plastic wrap 
 paper
 plastic container
 paper bowls
 aluminum foil
 plastic bowls
 cardboard box
 resealable plastic bag
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