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THE STORY OF COLDER

How do engineers develop new  
& effective ways to keep us cool?

Cold—for centuries we’ve fought it, 
shunned it, and huddled against it. Cold 
might seem to be an enemy of life, but it 
may now hold the key to a new generation 
of science and technology that will improve 
—or even save—our lives.

In the following series of investigations, students explore how to build and test various 
simple cooling units, and get comfortable using simple electronic components. Through this 
series of explorations, students will experience firsthand what it takes to make stuff colder.

• “The Science of Keeping Cool” clip from  
MAKING STUFF Colder.

• Colder PPT Slides

PROJECT PREVIEW

Start the conversation with the following questions:
• What does “cold” mean to you?
• Can you name things that you might encounter   

in your daily life that are cold?
• How do we make stuff colder?
• What about our lives might be different if we 

couldn’t make stuff colder?
• Can you name some tools or equipment that 

people have designed to make stuff colder?

TALKING “COLDER” REAL-LIFE EXAMPLES
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ACTIVIT Y: FOLD A FAN

Recommended for each student:
• Pencil and paper
• Cardboard pieces
• Paint stirrers (or craft sticks)
• Ruler
• Scissors
• Glue gun (or tape)

Overview

Materials

Brainstorm & Discuss
Watch the video clip “The Science of Keeping 
Cool” from MAKING STUFF Colder.
 
Begin the brainstorm.  Ask students:
• Why did David need the cooling vest?
• In situations where we’re too hot, what do we 

use to cool down?
• Can you describe a fan?
• How do fans work?
• Can you build a fan without electricity? 

Students create hand-powered fans out of paper, 
then experiment with different materials and 
designs to maximize their fans’ effectiveness.
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DESIGN & BUILD
1. Provide the students with paper.

2. Give them time to build and explore different kinds of handheld paper fans.

Tips and Tricks for Inclusion   
Folding paper and holding/fanning oneself may be  
difficult for students with functional impairments.  
There are several strategies that could be used individually 
or in combination to help with inclusion:

• Pair students in teams so that a student with a  
functional impairment is teamed with a student 
without impairment. Depending on the magnitude  
of the functional limitation, the student may just 
need assistance with the tasks, or may only be able  
to help evaluate which fan is most effective.

• To assist in folding the fan, the students could use a 
book or piece of cardboard to hold 
down the flat end of the paper while the other end is folded.   
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Once they have built both of their fans, have  
students test them out on each other. 

1.  Students should look for those shapes and de-
signs that seem to make a “better” fan—or a fan 
that moves air most effectively, and therefore 
cools, with the least amount of effort.

2.  Once students have explored the different fan 
designs, ask them:

• Were there any noticeable differences in airflow 
produced by the fans?

• Which fans seem to “cool” the best?
• Why do you think some fans are more effective 

than others?
• What are the best-looking fans, in an 

aesthetic sense?
• Are there any materials that you could use to 

make your designs better?

Once students have finished with the activity, give them time to explore and share their  
redesigned fans.  

Ask them:
• Were there any differences in how the paper fans and the cardboard fans worked?
• Was this what you predicted would happen?

3.  Introduce students to the remaining materials 
(cardboard, stirrers, etc.) that they can use to  
enhance their fan designs. 

Ask them:
• What do you predict will happen if you use 

these materials to build fans?
• Prompt students to take what they’ve learned 

from their paper-fan tests and use these new 
materials to design more effective fans.

TEST & REBUILD

WRAP UP
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Students will design and build a portable  
cooling machine. They’ll test the effectiveness  
of their machines, then iterate on their designs to 
improve performance.

Begin the brainstorm.  Inform students that  
they’ll be designing and building personal cooling 
units. Before you introduce the materials, have a 
discussion focused on machines that people build 
to cool things down. 

Ask:
• What type of cooling machines do you use in
 your life? 
• (If you watched the clip) How did the cooling 

vest work in the video clip?
• How do these cooling machines work to make-

stuff colder?  

Focus the discussion on the various parts of a 
cooling machine: the insulation, motors, fans, and 
airtightness (how the machines keep the cooler 
areas contained). 

Encourage students to think about how the  
different parts of their personal cooling units will 
work together. Prompt students by asking the 
following questions:

• What kinds of things should you keep in mind 
in your designs?

• What will you use to seal the openings and 
keep the cool air inside?

• What can you use to cool the inside of your 
cooling unit? 

• What safety issues do you think might arise-
when building something like this?

Overview

Recommended for each student/group:
• Pencil and paper
• Permanent marker
• Plastic food-storage container
• Various insulation materials (foam, newspaper, 

bubble wrap, tin foil, etc.)
• Ice
•  Small computer fan (80 mm)
• 9-volt battery
• 9-volt battery connector 
• Indoor/outdoor thermometer
• Box cutter
• Ruler
•  Hot glue gun

Materials

Brainstorm & Discuss

DESIGN CHALLENGE: CREATE A PERSONAL COOLING UNIT
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DESIGN & BUILD

1.  Have students, either individually or in groups, 
sketch potential designs for their cooling units. 
All the materials should be available to students 
before they begin designing so that they can take 
into account any potential material constraints.

 
2.  Once students have their designs and materials, 

they can begin the building process.

3.  The first step in the design process is to choose 
insulating material(s). Depending on students’ 
design choices, the next step will vary. If stu-

dents decide to insulate using malleable mate-
rials like tin foil or newspaper, they may mold the 
material to fit by hand. If, instead, the students 
choose to use a more inflexible material, like 
foam, a process of measuring and cutting will 
be necessary. (See below for a planning sketch 
example.)

Safety Tip: Have students measure and mark insu-
lating materials with a pencil or marker before they 
begin cutting them. Follow proper safety guidelines 
for use of cutting tools.

Once the students have discussed various approaches to the construction of a cooling machine, it’s time  
to put their thoughts on paper.
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DESIGN & BUILD (CONTINUED)
4.  Have the students line the plastic food container with insulation, putting the lid on to 

make sure everything fits together. If the pieces don’t fit, consider trimming, recutting, or 
remolding.

5.  Take a moment to have students consider their progress:
•  What construction considerations should they be making? 
•  What might go wrong? 
•  Could they avoid any mistakes?

6.  Next, have students place the fan on top of the lid where they want it to be installed. 
Make sure that the insulation inside won’t block the airflow. Direct students to hold the 
fan in place and trace the outside of it with a permanent marker on top of the lid.

7.  Have students cut out a hole in the lid with a utility knife according to their traced lines. 
If students are using insulation under the lid, they should cut the same size hole in the  
insulation. Remind the students to be as precise as possible so that the fan fits securely.

8.  Students should test the fan by connecting the two fan wires to the 9-volt battery using  
a 9-volt battery connector. The fan should begin to operate when it is attached to the  
battery terminals. 

9.  Students should insert the fan into the hole in the box, making sure that the fan is blowing into 
the cooler, and that the black and red wires that connect to the battery are accessible on the 
outside of the box. After the fan is in position, 
use the hot glue gun to apply glue around the 
sides of the fan to secure it in place.

10.  The final step is to add the vent hole so the 
cooler air can come out. Mark and cut a vent 
hole near the fan hole in the lid. Optionally, 
students can cut out a directional hood to 
tape over their vent hole.

11.  Place the lid back on the container, and you’re 
ready to test the cooling unit. 
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Once students are satisfied with their cooling unit, they can test its ability to keep them cool. 

1.  Students should open up their cooling unit, fill it about halfway with ice, and close it by securing the  
lid tightly on top. 

2. Once the lid is in place, students should connect the fan to the battery and feel for airflow.

3.  Once the unit is working, students should use the indoor/outdoor thermometer to compare the interior 
temperature of their cooling unit with that of the surrounding air.

4. Students should ask themselves: 
•  How well does my cooling unit work? 
•  How can I measure success? 
•  For how long does it work?
•  Whose cooling unit is the coldest? Why?
•  How can I make my design better?

5.  Students should continue to revise their designs and 
test their cooling units until they are satisfied with 
their results/as long as time allows. Comparing the 
interior temperatures of all the units will instigate 
some healthy competition meant to inspire students 
to push further, share ideas, and modify to create the 
best unit possible.

 
Tips and Tricks for Inclusion   
Much of the design and fabrication of the insulated  
box may be difficult for students with physical or visual 
impairments. There are several strategies that could 
help make this activity more inclusive:

• Pre-cut the boxes and insulation so that students can just experiment with different designs. Students 
could guess which performs best ahead of time, evaluate whether they’re correct, and make changes  
to try to increase the performance of the system.

•  Students could be paired in teams; you may divide the activity up based on what they’re functionally 
able to do.

•  Insulation could be “scored” like graph paper so that students with functional or visual  impairments 
could just break it off rather than having to measure and cut it. 

TEST & REBUILD
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WRAP UP
At the conclusion of the Challenge, students should reconvene as a group and discuss what 
they learned. 
 
 
Facilitate the discussion with the following questions:
•  What was particularly difficult about this challenge?
•  What did you notice about the more effective or more durable designs?
•  Is there anything that you learned during the course of the Design Challenge that you-

found surprising?
•  What design aspects of the Personal Cooling Unit might be found in other cooling 

machines, and where might you find them?
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