
LESSON PLAN

NEBRASKA STATE STANDARD CONNECTION
SC.8.2.2.A 
Use mathematical representations to describe a simple model for waves that includes amplitude of a wave 
is related to the energy in a wave.

SC.8.2.2.B 
Develop and use a model to describe that waves are reflected, absorbed, or transmitted through various 
materials. Assessment is limited to qualitative applications pertaining to light and mechanical waves.
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COOL COW
Author: Joe Rousseau, Lincoln Public Schools, Schoo Middle School 

LESSON PERFORMANCE EXPECTATIONS
• Plan and carry out an investigation to determine the differences between sunny areas and shady areas 

and record data on a data chart.

• Develop a model to show how EM waves from the sun are reflected, absorbed, or transmitted through 
various materials.

Grade: 8th Grade
Topic: Light Waves
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STUDENT SCIENCE PERFORMANCE
Phenomenon: Cows are gathered together under the square structure on a June afternoon in a rural 
Nebraska feedlot.

(Teaching Suggestions: Engage in the phenomena by showing students a painting or pictures of cattle 
huddled under a structure providing shade. Engage students in a discussion of the pictures of the cattle 
under the covering.)

1. Students explore the structures used to protect cattle from sunlight. (See Appendix B-1) 

2. Students develop questions to plan an investigation to gather information about the causes of 
cattle gathering under the square structures.

(Teaching Suggestions: We start students with the example of different populations of grasses on school 
grounds and then move on to the example of pastures under different management plans (traditional grazing 
vs. rotational grazing). Direct students to appendices B1-B3 for readings about land management practices.)

Class Discussion about Good Questions to Investigate the Phenomenon

3. Students obtain information about how different substances affect the rate energy is absorbed, 
transmitted, or reflected off items such as those in the feedlot. (See Appendix B-2) 

4. Students plan and carry out an investigation to determine the differences between sunny areas 
and shady areas and record data on a data chart. (See Appendix B-3) 

(Teaching Suggestions: Provide students with tools such as a lux meter to gather data from direct sunlight, 
complete shade, partial shade; laser thermometer to gather data on material surfaces. Discuss Albedo and its 
impacts within the feedlot.)
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explanation that all aspects of the feedlots are engineered to create the best possible 
environment for the maximum number of cattle to live. 

Engaging Students Beyond the Classroom 
Identify and describe structures humans use to manipulate the reflection, absorption, or transmission 
of EM radiation from the sun.
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5. Students develop a model to show how EM waves from the sun are reflected, absorbed, or 
transmitted through various materials.

6. Students construct an explanation for the causes of cows gathering under the square structure.

(Teaching Suggestions: If time permits, students may utilize an item such as an infrared thermometer to 
measure the temperature of the surfaces of materials in and out of the direct rays of the sun.)

Class Discussion - Discussion on the nature of mathematical reasoning.

• Students use mathematical reasoning to develop a model that shows how genetic variation 
and natural selection caused changes in native grasses being more populous in a rotationally 
grazed field than in a traditionally grazed field.

Class Discussion:

Questions to initiate Discussion:
Q: What patterns do you notice in the photo?
Q: What caused changes in the system concerning the temperature of the various materials?
Q: Why do the cows gather under the square structure?
Q: How does your model illustrate the differences with each material as it reflects, absorbs, or transmits 
EM waves from the sun? 
Q:  How are other aspects of feedlots engineered to meet other needs of cattle?

(Teaching Suggestions: Focus the class discussion on the reasons for feedlots being engineering to meet 
multiple needs of cattle. Examples include, discuss other technology and cooling technology - fences do not 
block wind, different elevations so cool air flows up to the cows, water runoff and waste flow to the waste 
lagoons, pump wastewater to the cornfield to fertilize, corn fed back to cattle, 20 degrees cooler in shade.)

ReasonReasonReason
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FORMATIVE ASSESSMENT FOR STUDENT LEARNING
Elicit Evidence of Learning 
Develop an argument for how the evidence they have collected supports the explanation that all aspects of the 
feedlots are engineered to create the best possible environment for the maximum number of cattle to live.

Evidence of Student Proficiency 
The students’ argument will describe how a feedlot meets the needs of the cattle and the evidence from the reading, sunlight 
investigation in the schoolyard, class discussion, and other sources of evidence that supports the claim that the feedlots 
provide the resources needed for a large number of cattle to thrive in a very small area.

Range of Typical Student Responses 
Descriptors of grade-level-appropriate student responses:

• Full understanding - The feedlot must provide an environment that meets the needs of the cattle within it. The 
feedlot must be constructed to mitigate climate extremes and contagions. The feedlot design facilitates the delivery 
of feed and waste management.  Structures are composed of materials that are inexpensive and durable. Structures 
are designed to not impede airflow or water drainage yet not harm cattle. For instance, the picture illustrates that 
the ‘roof’ of the structure reflects the sun’s rays preventing the EM radiation from reaching the ground below. The 
ground that receives the sun’s rays is a higher temperature due to receiving more solar radiation than the ground under 
the structure. Cows can feel this difference in temperature and will stand where the ground is ‘cooler.’ The cattle are 
standing on a tiny ‘hill’ so the cool air blows up towards them from the lower elevations. In the background is the 
waste lagoon where water runoff is collected in order to be placed as fertilizer on the adjacent cornfields, creating feed 
for the cattle. The troughs are composed of concrete and are near the ‘road’ to facilitate feeding. The feed is stored on-
site and provided to the cattle with a specific ratio of feed types and coarseness to stimulate supplemental microbial 
digestion for each confined area with cattle.  

• Partial understanding - The square structure blocks the sun, so the cows stand there to say cool. The feedlot is made 
so that cows are kept safe and can be taken care of. It is easy to feed the cows and the fences do not block the wind. 
Cow waste is washed away into the lagoon, this lagoon water is used to irrigate (water) the corn that is growing next to 
the feedlot.

• Limited understanding - Cows like the shade because it is cooler. The feedlot provides the cows with food and shelter. 
There are a lot of cows in a feedlot. They need a lot of care and attention.

Acting on Evidence of Learning
Description of instruction action and response to support student learning.

Action for students who display partial or limited understanding - 
• Use a radiometer to demonstrate the absorption of  UV radiation, students can see the fins spin due to this phenomenon.  

• If the idea of heat energy is a problem, have students place a piece of ice in the sunshine and another in the shade. 
Measure the melting rate and record the temperature. Then ask students to construct an explanation for the cause 
of the difference in temperature of the two surfaces and the speed of melting ice. Focus on the energy of light waves 
being changed into heat energy. 

Extensions of learning for students who display full understanding 
• Have the students create a model of a feedlot or present a problem, such as an illness that has infected the cattle, and 

design a solution to the problem.

• Students can compare and contrast methods to care for cattle within a feedlot and free-range cattle - how does each method 
mitigate harmful environmental hazards such as blocking the UV radiation, or how do the cattle obtain fresh water and food.
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SEP, CCC, DCI Featured in Lesson Science Essentials (Student Performance Expectations From Appendix C)

Science Practices Gather evidence from the investigation.

Construct an explanation for the cause of a phenomenon. Carry out an Investigation 
Construct a explanation

Crosscutting Concepts Pattern - Cows in shade, arrangement of roof of structure and angle.

Cause and Effect - Cooler when radiation is reflected.

Scale, Proportion, Quantity - More EM radiation = more thermal  
energy = higher temperature.

Energy and Matter - energy transfer - cooler in shade.

Structure and Function - feedlot construction is purposeful, and 
research based.

Pattern 
Cause and Effect 
Scale, Proportion, and Quantity 
Energy and Matter 
Structure and Function

Disciplinary Core Ideas Sunlight warms Earth’s surface.

Light is a part of the EM spectrum which 
is a form of energy that travels in waves.

APPENDIX A – STUDENT PROMPTS FOR THE LESSON
Phenomenon: Cows are gathered together under the square structure on a June afternoon in a rural Nebraska feedlot.

Group Performance
1. Explore the structures used to improve the feedlot environment for cattle.

2. Develop questions to plan an investigation to gather information about the causes of cattle gathering under 
the square structures.

Class Discussion about Good Questions to Investigate the Phenomenon
3. Obtain information about how different materials affect the rate energy is absorbed, transmitted, or 

reflected off items such as those in the feedlot.

4. Plan and carry out an investigation to determine the differences between the conditions in sunny areas and 
shady areas and record data on a data chart.

5. Develop a model to show how EM waves from the sun are reflected, absorbed, or transmitted through 
various materials.  

6. Construct an explanation for what causes cows to gather under the square structure.

Individual Performances:
1. Develop an argument for how the evidence you collected supports the explanation that all aspects of the 

feedlots are engineered to create the best possible environment for the maximum number of cattle to live.

(Teaching Suggestions: You may wish to show each performance individually as the student proceeds through the 
inventions. The outdoor investigation should not be limited to a few examples but encourage students to find multiple 
structures around the school that are built from various materials.)

Appendix B-1  Pictures of Phenomena
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The square structure is composed of recycled metal pipe from abandoned wells and irrigation systems, with the 
top composed of lengths of recycled highway guard rails placed East/West at a 37-degree angle towards the north.

Appendix B-2 Reading and Resources 
A feedlot is a confined place where cattle are kept. Feedlots have a lot of cattle in a small space. Due to this, we 
have to be sure each part of a feedlot has everything a cow needs to grow and develop, stay healthy, and be 
comfortable. Feedlots are designed to enable cattle to gain enough weight as quickly as possible so that they can 
be sold. To do this, cows are fed a special diet that changes as they grow.

Cattle need access to fresh clean water. Vaccines are given to prevent the spread of disease since they are so 
close together. Cattle also need to be dewormed, as parasites rob the cattle of nutrition from their feed. Cattle 
taken to a feedlot will have to change their diet from grass to corn upon arrival as they are no longer living in a 
pasture (field). Corn helps cattle gain weight faster than grass. Cattle have a stomach that is composed of four 
compartments. The first compartment is called the rumen. Microorganisms in the rumen help the cattle digest 
their food.  Changing diets too fast will harm the rumen and may even kill the cattle. This is why cattle diets are 
specifically created for each group of cattle in the feedlot.

Maintaining a clean environment is critical for cattle health. One cow may produce over 5 kg of manure each 
day. There is a lot of nitrogen in manure that may be used as fertilizer for crops.  Rainwater runoff from feedlots 
is collected in lagoons along the edges of the lot. The feedlot is designed to help the water flow out of the cattle 
containment areas and into the lagoons. This water is then pumped onto adjacent crop fields to assist with 
fertilization. Manure and additional waste are scraped up from the ground from each cattle containment area as 
well. This material may be spread out on fields to assist with fertilization.  

Feedlots need to protect the animals from the weather conditions. Fencing built to contain the cattle must allow 
sufficient airflow to assist with keeping the cattle cool. In the winter a windbreak is needed to help keep the cattle 
warm as they huddle against each other during severe weather.  Protection from the sun is needed to prevent the 
cattle from overheating. The pictures in this lesson show one such structure to protect cows from UV radiation.

www.extension.iastate.edu/news/2007/oct/070501.htm 
digitalcommons.unl.edu/cgi/viewcontent.cgi?article=5873&context=extensionhist 
www.agromedia.ca/AFMG/Section%203%20Facilities%20&%20Environment/3D1%20Feedlot%20Layouts.pdf 
extension.umn.edu/beef/beef-feedlot#nutrition-2370513 
extensionpublications.unl.edu/assets/pdf/g2266.pdf 
futurebeef.com.au/wp-content/uploads/Heat-load-in-feedlot-cattle.pdf

https://www.extension.iastate.edu/news/2007/oct/070501.htm
http://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=5873&context=extensionhist
http://www.agromedia.ca/AFMG/Section%203%20Facilities%20&%20Environment/3D1%20Feedlot%20Layouts.pdf
https://extension.umn.edu/beef/beef-feedlot#nutrition-2370513 

https://extensionpublications.unl.edu/assets/pdf/g2266.pdf
https://futurebeef.com.au/wp-content/uploads/Heat-load-in-feedlot-cattle.pdf
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Appendix B-3 Red indicates typical student data

Environmental Conditions It is a sunny day with a few clouds, the temperature is 87 degrees with no wind on 8-21-
21 at 1:15 p.m.

Location Description of structure and materials 
the structure is built fromt

Temperature Other Data (e.g., 
lumens, humidity)

Playground metal basketball backstop 97.9 F
Shadow of the bench on the 
playground

Asphalt under the bench 84.7 F

Appendix C- 1 This is the best place for an assessment scaffold or examples of student work.

Explanation 
All aspects of the feedlots are engineered to create the best possible environment for the maximum number of 
cattle to live.
Lines of Evidence 
Evidence from the reading and research - 

Evidence from the investigation in the schoolyard - 

Evidence from the class discussion - 

Evidence from other sources -

Develop an argument for how the evidence students have collected supports the explanation that all aspects of 
the feedlots are engineered to create the best possible environment for the maximum number of cattle to live.
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