
Activity: REGULATING BODY HEAT: Adapting to Hot and Cold Conditions  

Module 1: Marvelous Materials     Duration: 45 min.  

CENTRAL CONCEPT: Thermal Regulation  

Heat is energy that is transferred by the processes of conduction, convection, and evaporation 
from hotter objects or regions to cooler regions or objects until equilibrium is reached.   

The body regulates temperature via evaporative cooling. 

Clothing plays a role in thermal regulation of the body. 

Material structure affects the ability to allow evaporative and convective cooling. 

Conductive heat loss can be slowed or prevented by use of insulative materials. 

Still air trapped within materials is the best insulator. 

Material structure affects how much still air can be trapped. 

INTRODUCTION 

People consider themselves to be thermally comfortable when they do not need to take off or 
put on clothing to feel cooler or warmer.  This module explores heat transfer mechanisms as 
they relate to the human body, and the role of clothing and materials in thermal regulation of 
the body.  

Thermal Comfort: A state of satisfaction with the thermal environment.  

Convection: The transfer of heat via air movement.  

Breathability: Breathability, or permeability,  is the ability of fabric to allow air and moisture to 
move through it.  

Evaporation: The transfer of heat via conversion of liquid to gas, or, in the case of the body, 
the transformation of perspiration to water vapor.   

Conduction: The transfer of heat by direct transfer between touching surfaces. 

Insulation: A protective layer that prevents conductive heat transfer. 

Aerogel:  Aerogels are the world’s lightest solid materials, composed of up to 99.8% air by 
volume.  These super-insulating silica gels exhibit the lowest thermal conductivity of any solid 
known to man.   

STUDENT LEARNING OUTCOMES 

Understand that clothing plays a role in thermal regulation of the body. 

Understand that convective cooling speeds evaporation. 

Understand that a breathable material promotes convective and evaporative cooling of the 
body. 
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Realize that insulative materials impede conductive heat loss. 

Understand that materials that can trap and hold air are most efficient at providing thermal 
insulation.  

EVIDENCE OF LEARNING 

Matching of materials to thermal situations.  

ACTIVITY PREPARATION 

Materials: 
Clear cups, ½ filled with lightweight paper confetti (1/girl) 
Straw (1/girl) 
Large Rubber bands (1/girls) 
5x5 Swatches ripstop woven fabric (neon yellow) (1/girl) 
5x5 Swatches jersey knit fabric (navy) (1/girl)  
Cup with water in it (1/group) 
Cotton knit cuffs (navy) (1/girl)  
Data and Evaluation Booklet (1/girl) 
Pens/pencils (1/girl) 
Ice block in its plastic wrapping (1/group) 
Trash bag to protect floor from melting ice (1/group) 
Temperature gun (1/group) 
Aerogel insole (orange) (1/group) 
Open cell foam insole (green) (1/group) 
Closed cell foam insole (pink or purple) (1/group) 
Wool insole (gray) (1/group) 
 
ACTIVITY 

1. BREATHABILITY BUBBLE:  Make sure each girl has a cup, confetti, a rubber band, a 
straw, and a swatch of each the ripstop woven fabric and the jersey knit fabric.   

a. Have each girl hold each of the fabrics up to a light to see if they can see light 
through the fabric. Have t he girls answer Questions 1 and 2 in their activity 
booklets [Slide 10].They should see light through openings between yarns of the 
knit fabric, but not between yarns of the tightly woven ripstop.  

b. Now have each girl take a cup of confetti and cover the top of the cup with the knit 
swatch. Secure with a rubber band.  With the straw, blow straight down through the 
fabric layer. What happens to the confetti?  [Slide 11] It should bounce all over the 
cup. 

c. Repeat with the woven swatch. Nothing should happen. 
d. Have the girls answer Question 3 on the activity sheet. 
e. Discuss which fabric lets more air pass through and why [Slide 12]. If they could 

see light through the knit fabric, they will be able to blow air through that fabric as 
well. The knit fabric is more permeable, making it more breathable. 
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2. BREEZY COOLER - CONVECTION AND EVAPORATION:  This activity uses water to 
simulate sweat and air blown through a straw to supply convective air flow. 

a. Each girl should put her knit cuff on one arm.   
b. Have the girls use their straws to blow on the dry cuff. [Slide 15].  It should just feel 

like warm air. 
c. Next have them put a few drops of water on the cuff while wearing it. They can suck 

up a little water using the straw and let it out onto the fabric. Let the water soak in, 
then have them blow through the straws onto the wet spots and ask them to record 
how that feels compared to blowing on the dry cuff in Question 4 in the activity 
booklet. It should feel noticeably cooler. 

d. Discuss whether soccer players will feel cooler if air (a breeze or a fan) blows 
through their clothing when they are sweaty, and have them record their answer in 
Question 5 [Slide 16].  Yes, they should, as air movement speeds up the rate of 
evaporation from the body, allowing more cooling. 

e. Have the girls go Question 6 in their booklets and identify the row of fabrics that  
goes form least to most breathable [Slide 17]. (Bottom row is correct). 
 

3. TEST THE INSULATIVE POWER OF AIR:  For this activity you will need the block of ice, 
still wrapped in plastic, sitting on a trash bag to keep the floor and feet dry (additional 
plastic shopping bags are provided if the plastic bag on the ice block should tear).  Have 
the girls take turns ’spotting’ for one another so they won’t lose their balance while putting 
full weight on an insole on the ice block.  They will also need to take turns being time 
keeper, counting to 10 seconds each time someone stands on an insole.  Each girl should 
stand on the entire series of insoles in order before the next girl stands on any so they can 
compare more directly.   

a. Lay the four different insoles on the table:  green open cell foam, gray wool, pink or 
purple closed cell foam, orange aerogel.  Ask the group which insole they think is 
going to be the warmest and have them record that in their booklets,  Question 7 
[Slide 23].   

b. Start by having the first girl stand in her bare or socked foot on the ice for a second 
to get a feel for the cold. 

c. Lay the gray wool insole down on the ice and have the same girl stand on it for 10 
seconds [Slide 24].  

d. Repeat with the same girl for the pink or purple closed cell foam insole.  
e. Repeat with the same girl for the green open cell foam insole. 
f. Repeat with the same girl for the orange aerogel insole. 
g. Repeat with the other 4 girls. 
h. Have each girl rank her perceptions of the insoles from warmest to coolest in her 

booklet, Question 8. [Slide 25]. Ask how they think thickness might have affected 
the amount of air available to insulate.  
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There are differences in the amount of air held within each material, and in the 
thickness. For most of the materials, thicker is better. Closed cell foam has sealed 
air pockets within its structure.  Wool holds air between fibers because it is curly 
and difficult to compress.  Aerogel is a silica substance which is largely air, making 
it possible to create very thin insoles which insulate as well as the thicker wool. 
Open cell foam has air pockets, but they are connected, not sealed.  It might be the 
one the girls select in advance as warmest based on its thickness, but it 
compresses like a sponge, forcing air out of its cells and severely reducing its value 
as insulation.  

 
4. NOW place each insole on the ice again.  

a. Using the temperature gun, point the laser beam at the middle of the insole [Slide 
26].  Have the girls record the temperature reading for each insole next to their 
insole rankings in the chart for Questions 8-11.  Then have them answer the 
question on which is warmest and coldest, Question 10. 

b. Ask the group to record whether there is a relationship between the subjective 
evaluation (their ratings) and the measured temperatures, and have them record 
responses to Question 11 [Slide 27].  

c. Ask what happened when they stepped on the open cell foam (green) and how that 
affected its capacity to insulate [Slide 29]. They should answer Question 12. There 
should be a difference in the temperature reading and their perception of the green 
open cell foam insole because compression forces the insulating air out when they 
stand on it, but the air was in place when they took the temperature reading.  

d. Have the girls answer Question 13 in their booklets, corresponding to Slides 32-35 
and indicate which materials would keep their feet warm (Slide 32, open cell foam, 
NOT; Slide 33, cardboard honeycomb, WARM; Slide 34 Plexiglas, NOT). 

e. Recap why they would lose heat to the ice without insulation and why insulation 
works.  That is, conductive heat moves from a warmer surface to a colder, and 
insulative materials contain air to reduce conductive heat loss [Slide 31]. 

REFLECTION QUESTIONS 

1. Which fabric lets more air pass through? Why? [Slide 12] 
2. Will the soccer players feel cooler if a breeze blows through their uniforms when they are 

sweaty?  Why? [Slide 16] 
3. Which insole do you think is going to keep your feet the warmest?  Why? [Slide 23] 
4. Which insole provided the best thermal insulation? Which provided the least?  Is thicker 

always better?  [Slide 25] 
5. Is there a relationship between the subjective ranking of insoles and the temperature 

readings? [Slide 27] 
6. What happened when you stepped on the open celled foam?  Was it colder than 

expected? [Slide 29] 

RESOURCES 
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