
 
Subjects: Science, Math, 
Writing 
 

Duration: 45 – 60 minutes 
 

Setting: Classroom / lab 
 

Vocabulary 

• insulation 
• cambium 
• phloem 
• soil 
• xylem 

15. Bark and Soil: Nature’s Insulators  

  

Overview In this activity, students work in groups to explore the 
use of insulation to slow the transfer of heat through 
materials. Bark (on trees and shrubs) and soil are two 
kinds of materials that insulate living things from the 
heat of fires. 

 Students simulate nature’s insulation by covering a 
surface (a model of a tree/shrub or of soil) with 
quilting materials. They hypothesize about how it will 
affect temperature changes as they use a hair dryer to 
simulate the heat of a fire. They record the 
temperature pattern beneath the insulation as it heats 
up and cools off, and then graph the data. Finally, they 
analyze the data and relate it to how bark and soil may help protect trees and shrubs, 
including their roots and seeds, from fire. 

Lesson Goal To increase students’ understanding of heat transfer and the usefulness of insulation to 
slow the process and protect trees and shrubs 

Objectives 

• Students will hypothesize about how insulation will affect heat flow. 

• Students will collect data, graph it, and analyze it to describe how insulation affects heat flow. 

• Students will describe how bark and soil can protect living tissues from the heat of fires. 

 
 

Standards Middle School (Grades 6-8) 

NGSS 

 

Crosscutting Concepts 
• Energy and Matter 

• Stability and Change 

Science & Engineering Practices Analyzing and interpreting data 

Disciplinary Core Ideas PS3.A: Structures/Properties of Matter 

Common Core 
ELA 

Writing Standards 
Science & Technical Subjects 4, 7, 10 

Language Standards 1, 2, 3, 6 

Reading Standards 
Science & Technical Subjects 3, 7 

Common Core 
Math 

Geometry 6.G 

EEEGL Strand 1 A, C, E, F, G 
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Teacher Background 

Nature has ways to insulate living things from the heat of 
wildland fires. Many trees have thick bark, which slows the 
transfer of heat from fire to the crucial cambium layer 
beneath the bark that can make new cells and transport 
nutrients throughout the tree. The cambium is comprised of 
xylem and phloem cells. The xylem moves water and 
nutrients through the plant and provides woody support. The 
rings seen in cross sections of tree trunks and branches are 
xylem cells. Phloem cells carry sugars, minerals, and other 
substances throughout the plant. They are the only kind of cell 
that can deliver carbohydrates produced in the leaves to other 
parts of the plant. 

Soil is another of nature’s insulators. Soil protects small animals 
that stay in their underground burrows during fires. It also 
protects roots, buried seeds, and other underground plant parts.   

In this activity, we assume that bark and soil will not burn, but that assumption is not completely 
accurate. Bark can burn if it gets dried out and is exposed to enough heat. High intensity fires are 
becoming more common due to factors such as climate change and the spread of invasive species like 
cheatgrass. This exposes plant life to high heat and reduces natural regeneration in the sagebrush 
ecosystem. At higher elevations and when soil has more moisture, the sagebrush ecosystem becomes 
more resilient to regeneration. Some materials in the soil can burn, too. Soil is composed of tiny 
particles of rock (minerals), which do not burn, plus partly decomposed particles of vegetation and 
animal matter, which can burn. When the dead, rotting organic matter is in a distinct layer on top of 
the mineral soil, we call it duff or the organic layer.  

Students may be surprised to find that, while thick insulation prevents the temperature from rising 
rapidly, it also prolongs the heating process and slows the cooling process when compared with thin 
insulation. An analogy you could use with your students is how insulation in a home keeps it from 
heating up rapidly on a hot summer day and from cooling off rapidly on a cold winter night. Insulation 
may also slow the house’s cooling after a hot summer day, which is why we might open the windows 
and use fans to bring more cool air inside.    

Note: Unless your school has multiple sets of the materials required for this lab, only one student 
group will be able to work at a time. If that is the case, think of other work your students can be 
doing before and after the lab.    

 

Materials + Preparation 

• Hair dryer (Hardware Box in Box A)  
• Digital thermometer (make sure it has a working battery) (Hardware Box in Box A)  
• 1.5-pound coffee can (if simulating tree bark) (Hardware Box in Box A) 

• Cover outside of can with newspaper  
• 1 piece of lightweight fabric, approximately 15 X 30 cm  
• 10 pieces of quilt batting, 1/8” to 1/4” thick (Box A)  
• Ruler (Hardware Box in Box A)  
• Masking tape  
• Stopwatch or clock (must show seconds)  
• Copies of the “Insulating Power” handout for each student (at end of lesson) 
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• Set up the first iteration of the experiment (no insulation) as a demonstration. Then have students 
work in teams of 2 to 4 to do the second (5 layers of insulation) and third (10 layers) iterations. 
The trunk has only one digital thermometer, so unless you have more of them, you will need to 
arrange for student teams to take turns completing the experiment.   

• Use this activity to model either the 

insulating properties of tree/shrub bark or 

those of soil. After you have studied heat 

transfer into one material (either bark or 

soil), they should be able to predict heat 

transfer into the other material in the last 

question of the Assessment (see below). 

The photo and directions here are written 

for the tree/shrub bark model. If you’re 

modeling the insulating properties of soil, 

simply measure temperatures on a 

tabletop instead of in a coffee can (or 

oatmeal box if a can is not available).  

 
Procedure 

1. Ask students how trees, shrubs, and other plants can avoid harm from wildland fires. Explain that 
this activity explores ways in which living tissues are insulated from the heat of wildland fires. 
 

2. Go over the beginning of the “Insulating Power” handout with the class. Read the experimental 
questions. Write these terms on the board and explain with an illustration as shown below:  
 

• cambium: a thin layer of living cells beneath the 
bark that can produce new cells. Cambium 
produces two kinds of cells:  

▪ xylem: the cells inside the cambium that 
carry water and dissolved minerals from the 
ground to the plant’s leaves. Most of the 
cells in the xylem layer are dead, but they 
are crucial for water transport. Optional: 
Show students the rings of xylem seen in the 
cross section of a tree trunk and/or branch. 
Pass these around for students to examine. 

▪ phloem: a thin layer of living cells at the 
boundary between the cambium and the 
bark. These cells carry sugars, minerals, and 
other substances throughout the plant. They 
are the only kind of cell that can deliver 
carbohydrates produced in the leaves to 
other parts of the plant. Optional: Show 
students tree sap on the outside of a tree 
cross section and/or branch which was 
transported in the phloem. 

Note: Students can learn more about these layers of cells in lesson 12: 
“Tree/Shrub Structures and Fire.”   
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3. Decide which question to investigate – insulating effects of tree/shrub bark or soil.  

4. Get a team of 3 or 4 students to take on the roles described in the handout. Have them practice 
the timing of “Heat on” and “Heat off” before actually collecting data.   

5. Set up the experiment and follow steps 1 – 7 of the procedures on the handout.  

6. Have students graph the data on the handout OR you can graph it with their help on the board, 
then have them graph it on their handouts.   

7. Read and discuss question #9 on the handout: “How do you predict the data may change if you 
add 5 layers of insulation?” Show how to draw a possible heating/cooling pattern on the graph. 
For example, show the temperature peaking at a lower level, rising and falling more slowly than it 
did with no insulation. Explain that their guesses are hypotheses that they will test with the next 
two experiments.  

8. Explain that students will work in teams to get the second and third sets of data (5 and 10 layers 
of insulation).   

9. Arrange the teams and complete the experiment.  

10. Discuss the results with the students as a class, and give them the opportunity to revise their 
answers to the last question about the benefits of bark and soil for insulating trees and shrubs, 
including their roots and seeds, from the effects of fire.    

 
Assessment 

You can assess students on completion of the handout.  
A sample of a graph of observed data is shown below.  
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Evaluation 

Handout 
Question 

Excellent Good Fair Poor 

#12 

• The student clearly 
compared/contrasted the 
observed and predicted 
results. 

• The student cited specific 
examples from the data. 

• The student contrasted the 

observed and predicted 

results. 

• The student did not cite 

specific examples from the 

data.   

• The student 
wrote that the 
predictions 
were (or were 
not) accurate. 

• The student did 
not explain 
why. 

• The student 

did not 

address the 

question.   

#15 

• The student clearly 
compared/contrasted the 
observed and predicted 
results. 

• The student cited specific 
examples from their 
collected data. 

• The student contrasted the 

observed and predicted 

results. 

• The student did not cite 
specific examples from the 
data.   

• The student 
wrote that the 
predictions 
were (or were 
not) accurate. 

• The student 
did not explain 
why.  

• The student 

did not 

address the 

question.   

#16 – 17 

• The student wrote that 
bark/soil CAN insulate living 
tissues from the heat of 
wildland fire. 

• The student explained that 
bark/soil slows the transfer 
of heat, so the living tissues 
do not reach damaging 
temperatures unless the fire 
lasts a long time. 

• The student wrote that 

bark/soil CAN insulate living 

tissues from the heat of 

wildland fire.  

• The student explained that 
bark/soil slows the transfer of 
heat. 

• The student 
wrote that 
bark/soil CAN 
insulate living 
tissues from the 
heat of wildland 
fire. 

• The student 
wrote that 
bark/soil 
CANNOT 
insulate a 
tree’s seeds 
and roots.   
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Team Names: ________________________________  Period: ____  Date: ____________________ 
 

 

 

Insulating Power 
 

 

Here are two experimental questions to investigate in this lab:   

• Can bark insulate the cambium of a tree or shrub from fire’s heat?   

• Can soil insulate seeds and roots from fire’s heat?   

Find out by measuring and graphing the pattern of temperature change 
beneath different amounts of insulation.    

 

Choose team roles:  

• Timer: calls out 15-second intervals and “Heat on/off!”  

• Heater: turns hair dryer on/off  

• Observer: watches thermometer; calls out temperature  

• Recorder: writes down temperature observations  

  

Setup  

Setup the thermometer so the observer can see it. 

• For a soil model: Tape the thermocouple wire to a table top. Lay a thin layer of fabric on top. 
Do the first experiment with no insulation. Do the next ones with 5 or 10 layers of insulation 
on top of the fabric. 

• For a tree/shrub model: Tape the thermocouple wire to the surface of an empty coffee can or 
oatmeal box. Do the first experiment with no insulation. Do the next ones with 5 or 10 layers 
of insulation wrapped on top of the fabric.  

 

Procedure  

1. The heater positions the hair dryer 20 centimeters from the table or coffee can, pointing at 
the thermocouple top (which you can’t actually see because it’s under cloth).  

2. The observer turns the thermometer on. Set it to degrees Celsius. Report the temperature.  

3. The recorder writes down the temperature at “0” seconds using the appropriate column in 
the table on the next page for the layers of insulation being tested (0, 5, or 10).  

4. The timer calls out “Zero, heat on!” and the heater turns the hair dryer to “high.”  

5. The timer calls out “Fifteen” and the observer reports the temperature. The recorder writes it 
down in the table.  

6. The timer calls out “Thirty. Heat off!” The heater turns the hair dryer off while the observer 
calls out the temperature and the recorder writes it down.  
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