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Shingles Lesson Plan 
COOL ROOF Impacts Indoor Temperature 

 
 Guiding question: 

How is the color/coating of a roof shingle of a house or a building related to how we can save 
energy and cool cities? 
 

 Objectives: 
After completion of the lesson, students will be able to: 

- Understand how color of a roof shingle affect its reflective properties. 
- Understand how invisible coating of a roof shingle affect its reflective properties 
- Understanding of why these reflective properties affect the temperature inside the 

“houses.” 
- Record and collect data and analyze results. 
- Operate a Vernier labquest unit and utilize different sensors. 
- Describe/understand new terms. 

 
 Introduction: 

This lesson plan is intended to follow after NY Solar lesson kit #9. Students must have an 
understanding of reflection. Remember darker colored paper absorbed the most solar energy 
and the aluminum foil reflected most of the solar energy. 

This experiment will show how both the color and coating of a roof shingle reflects solar 
energy. Three types of shingles with different properties are used. Roofs with conventional 
shingles only reflect visible and invisible light waves somewhat. The solar reflectivity of a 
conventional roof is only 5% (black) to 41% (white).  Small reflectivity numbers mean more 
solar energy is absorbed leading to heating of the roof and the building. Scientists and 
engineers developed more highly reflective colors and applied coatings that are invisible, but 
increase the reflectivity. Since many people do not like white roofs, the coatings increase 
reflectivity while maintaining the visual appeal of conventional shingles. Over the course of this 
experiment, you will realize the effects of the color of your roof shingles to the temperature of 
inside your house. 
 
Why roof shingles? 
Other similar lesson plans used colored paper or cloth. However, roof shingles are a more 
tangible example that can be related to everyday life by showing us how we can reduce energy 
use and save the environment with how we construct our homes. Roof shingles not only show 
how different colors affect heat reflection but also how coatings can modify heat reflection 
without changing the looks. 
 
Facts: 
Advantages of Cool Roof Materials 

 Cool roof materials save money by reducing cooling needs and electricity bills by up to 
20%. 

http://solar.ucsd.edu/education/NY/NY8_PropertiesOfSolarRadiation.pdf
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 Roof life is extended. Less expansion and contraction of roofing materials occurs due to 
smaller variations in temperature. 

 Popular colors have architectural aesthetics and coatings provide protection for the 
roof. 

 Metals are 100% recyclable. 
 The high reflective paint systems reduce the urban heat islands. This makes it more 

pleasant to be outdoors, but also reduces smog in urban areas. 
 Positive feedback on the environment. Less energy is absorbed, leading to less 

electricity use, less burning of fossil fuels and therefore less air pollution. 
 
 

 Skills: 
-Making Careful Observations and Recording Data 
-Drawing Conclusions 
-Grade levels:  6th – 10th grade 
 

 Applicability to the California Standard Curriculum: 
Grade Six 
Focus on Earth Sciences 
Heat (Thermal Energy) 
1. Heat moves in a predictable flow from warmer to cooler objects until all the objects are at 
the same temperature. As a basis for understanding this concept: 

a. Students know heat energy is also transferred between objects by radiation (radiation 
can travel through space) 

 
Energy in the Earth System 
2. Many phenomena on Earth’s surface are affected by the transfer of energy through 
radiation and convection currents 

a. Students know the sun is the major source of energy for phenomena on Earth’s 
surface; it powers winds, ocean currents, and the water cycle 
b. Students know solar energy reaches Earth through radiation, mostly in the form of 
visible light.  

 

Resources 
3. Sources of energy and materials differ in amounts, distribution, usefulness, and the time 
required for their formation 

a. Students know the utility of energy sources is determined by factors that are 
involved in converting these sources to useful forms and the consequences of the 
conversion process. 
b. Students know different natural energy and material resources and know how to 
classify them as renewable or nonrenewable 

Investigation and Experimentation 
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4. Scientific Process is made by asking meaningful questions and conducting careful 
investigations. As a basic for understanding this concept and addressing the content in the 
other three strands, student should develop their own questions and perform investigations 

a. Develop a hypothesis 
b. Select and use appropriate tools and technology to perform tests, collect data, 
and display data 
c. Construct appropriate graphs from data and develop qualitative statements about 
the relationship between variables 
d. Communicate the steps and results from an investigation in written reports and 
oral presentations 
e. Recognize whether evidence is consistent with a proposed explanation 

 

Grade Seven 
Focus on Life Sciences 
Investigation and Experimentation 
1. Scientific Process is made by asking meaningful questions and conducting careful 
investigations. As a basic for understanding this concept and addressing the content in the 
other three strands, student should develop their own questions and perform investigations 

 
a. Select and use appropriate tools and technology to perform tests, collect data 
(Vernier), and display data 
b. Use a variety of print and electric resources (World Wide Web) to collect 
information and evidence as part of a research project 
c. Communicate the logical connection among hypotheses, science concepts, tests 
conducted, data collected, and conclusions drawn from scientific evidence 
d. Construct scale models, maps, and appropriately labeled diagrams to 
communicate scientific knowledge 
e. Communicate the steps and results from an investigation in written reports and 
oral presentations 

 
Grade Eight 
Investigation and Experimentation 
1. Scientific progress is made by asking meaningful questions and conducting careful 
investigations. As a basis for understanding this concept and addressing the content in the 
other three strands, students should develop their own questions and perform investigations.   

a. Plan and conduct a scientific investigation to test a hypothesis.  
b. Evaluate the accuracy and reproducibility of data.  
c. Distinguish between variable and controlled parameters in a test.  
d. Recognize the slope of the linear graph as the constant in the relationship y = kx and 
apply this principle in interpreting graphs constructed from data. 

 
Grade Nine and Ten  

Investigation and Experimentation  
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1. Scientific progress is made by asking meaningful questions and conducting careful investigations. 

As a basis for understanding this concept and addressing the content in the other four strands, 

students should develop their own questions and perform investigations. Students will:  

a. Select and use appropriate tools and technology (such as computer-linked probes, 

spreadsheets, and graphing calculators) to perform tests, collect data, analyze relationships, 

and display data.  

b. Identify possible reasons for inconsistent results, such as sources of error or uncontrolled 

conditions.  

c. Formulate explanations by using logic and evidence.  

d. Distinguish between hypothesis and theory as scientific terms.  

e. Recognize the issues of statistical variability and the need for controlled tests.  
f. Recognize the cumulative nature of scientific evidence.  

g. Analyze situations and solve problems that require combining and applying concepts from 

more than one area of science.  
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 Preparation 
Materials: 

Vernier datalogger 

Temperature Probe (3) 
Light sensor  (1) 

Wood house models  (3) 

Three shingles : 

1. non-cool and weathered copper 

2. cool and weathered copper 

3. cool and regal white 

Outside space 

Sunlight 

 
Note: If there are not enough houses for 3 per group, assign I or 2 per group and assign 
different color shingles to the group and the students can share data. 
 
Outside Preparation: 

- If tables can be provided it would be best, however children may work on the ground. 
- Grassy area is good as long as the houses can be placed flat on the ground. 
- Be sure to have the Vernier datalogger’s fully charged. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 

Figure 1. Experimental Set-up. 

Figure 2. Direction in which the light 
sensor and Infrared Thermometer 
should be pointed at the shingle. 
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 Procedures and Activity: 
Prelab Discussion: 
-Do Introduction 
-Ask:  

o It’s going to be a hot day tomorrow and you are going to be outside, what solid color 
t-shirt do you want to wear? Why? 

o What happens if you are wearing a black t-shirt in the sun? Will your body start to 
feel warm or cold? What if you wear a white t-shirt? 

 
 
 
Procedure for House Heating Experiment 

 
1. Prepare the sensors for data collection 

a. Data Collection: 
I. Mode: time based 

II. Rate:  1  sample/min 
III. Length: 10 min  NOTE: You may adjust time to 5 minutes to ensure students 

attention to the activity. 
b. Option 1: Data collection of Shingled house one at a time 

Temperature probe into channel 1 of the Vernier. 
 

c. Option 2: Data collection of Shingled house all at once 
I. Connect temperature probes into channel 1, 2, and 3. 

II. Label each temperature probe #1, #2, #3 and write down which one will be 
use for each Shingled house. (i.e.  #1 = White Shingle) 

 
2. Prepare the sensors for data collection. 

a. Insert a temperature probe all the way in the built in slots of the wood house model 
(See figure 3). 

b. Place a roof shingle on the roof of the house and align the houses in the same 
direction 

c. Make sure all the temperatures of the probe are similar. Record the starting 
temperature. 
 

3. Click the “play” button to beginning data collection.  
 

4. When data collection has been finished, record the final temperature. Do not 
disconnect the temperature probes yet. Click on the table icon and verify the minimum 
and maximum readings for temperature. Record temperatures in table 2. 

Figure 3. Positioning of the temperature probe. 
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5. If option 1 was done, then repeat steps 4 and 5 for roof shingles 2 and 3. You may need 

to do step 1.a. again. 
 
 

Procedure for Reflectivity Experiment 
6. Connect one light sensor in to the Lab Quest. Wait until reading is showing on the 

screen. You do not need to fix the data collection time. 
7. Point the light sensor straight up into the sky and record the reading.  
8. Point the light sensor straight down at a shingle (See figure 2). Record reading for each 

shingle in table 3. Be sure to take readings at about the same distance for each shingle. 
 

Procedure for Infrared Temperature Equipment 
9. Point the Infrared Temperature sensor straight down at the shingle (See figure 2). 

Record temperature for each shingle in table 4. Be sure to take readings at about the 
same distance for each shingle. 

 
Things to avoid: 

1. Avoid putting the house too close to each other. They could cast a shadow on another 
house. 

2. When taking data don’t not touch, move, or try to adjust the houses or shingles. 
3. Make sure there are no air gaps between the shingle and the house. The shingle should 

fit snug on the roof. 
 
 

 Vocabulary 
Solar Reflectance (SR) or Albedo: 

Is the fraction of the solar energy that is reflected by a roof. The higher the value, the 
better the roof reflects solar energy. Express as a number between 0 and 1 or 0% and 
100%. 
-For example, white reflective coating or membrane has a reflectance value of 0.85 
(reflects 85% of solar energy hitting it and absorbs the remaining 15%), white asphalt 
has a value of 0.09 (reflects 9%). 

 
Light Senor: The light sensor measures illuminace in units lux. The larger the lux the brighter the 
“object” or more solar light is being reflected. 
 
 

 
 Evaluation of Understanding 

Have students share their results. Have students share their thoughts about saving energy and 
helping the environment. 
Refer to this link to view what results should look like. 
http://solar.ucsd.edu/education/ShingleDataWithInsulation.xlsx 

http://solar.ucsd.edu/education/ShingleDataWithInsulation.xlsx

