
SOUTH CAROLINA SUPPORT SYSTEM INSTRUCTIONAL PLANNING GUIDE

	Content Area
	Sixth Grade Science

	Recommended  Days of Instruction:  4
	(one day equals 55 min)

	Standard(s) addressed:  6-5

	The student will demonstrate an understanding of the law of conservation of energy and the properties of energy and work. (Physical Science)

	Transfer of Heat Energy

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	6-5.5 Illustrate the directional transfer of heat energy through convection, radiation, and conduction.


	SC Science Standards Support Document
https://www.ed.sc.gov/apps/cso/standards/supdocs_k8.cfm
SC ETV Streamline 

http://etv.streamlinesc.org
Heat, Temperature, Energy
http://player.discoveryeducation.com/index.cfm?guidAssetId=7A294F04-B8E3-4ACF-8FD4-56DDE7AD62B2&blnFromSearch=1&productcode=US
Segment 3: Heat: The flow of energy from one thing to another

Provides examples of a variety of examples of heat energy and describes of the ways in which

heat energy may be converted to other types of energy and vice versa. 
Segment 8: Convection

Defines convection and provides examples of where convection may occur. 
Segments 11-14: The Movement of Heat, Conduction, Convection, Radiation 

Provides definitions of each type of heat transfer and provides examples.
Exploring Heat

http://player.discoveryeducation.com/index.cfm?guidAssetId=3F0F9856-0921-43D1-BBB2-B11B13D8C319&blnFromSearch=1&productcode=US
Heat is very important to all that happens in our universe. It appears in many forms and is responsible for sustaining life on our planet. This program starts with an exploration of heat and temperature. It discusses the different states of matter and how heat can change things from one state to another.

	See Module 6-5.5

	From the SC Science Standards Support Document
The objective of this indicator is to illustrate the directional transfer of heat energy through conduction, convection, and radiation; therefore, the primary focus of assessment should be to give illustrations or use illustrations to show the concept of heat transfer through conduction, convection, or radiation.  

However, appropriate assessments should also require students to recognize the types of heat transfer based on descriptions of how particles behave; classify methods of heat transfer based on how particles behave; infer the direction of heat transfer; or summarize the direction of heat transfer in various types of heat transfer processes if given temperature differences.


Sixth Grade
Science Module 

6-5.5
Conservation of Energy
Lesson A

From the South Carolina Science Support Document:
Indicator:  6-5.5:  Illustrate the directional transfer of heat energy through radiation, and conduction.

Taxonomy level of indicator:

Understand Conceptual Knowledge (2.2-B)

Previous/Future Knowledge:

In 3rd grade (3-4.3), students explained how heat moves easily from one object to another through direct contact in some materials (called conductors) and not so easily through other materials (called insulators).  Students have not been introduced to the concepts of radiation or convection. Students will further develop the concept of thermal energy in high school Physical Science (PS-6.1). 

It is essential for students to know energy transfer as heat can occur in three ways: 

Conduction


· Conduction involves objects in direct contact.  
· The transfer of energy as heat occurs between particles as they collide within a substance or between two objects in contact.  
· All materials do not conduct heat energy equally well.  
· Poor conductors of heat are called insulators.  
· The energy transfers from an area of higher temperature to an area of lower temperature. 
· For example, if a plastic spoon and a metal spoon are placed into a hot liquid, the handle of the metal spoon will get hot quicker than the handle of the plastic spoon because the heat is conducted through the metal spoon better than through the plastic spoon.
Convection


· Convection is the transfer of energy as heat by movement of the heated substance itself, as currents in fluids (liquids and gases).  
· In convection, particles with higher energy move from one location to another carrying their energy with them. 
· Heat transfer occurs when particles with higher energy move from warmer to cooler parts of the fluid. 
· Uneven heating can result in convection, both in the air and in water. This causes currents in the atmosphere (wind) and in bodies of water on earth which are important factors in weather and climate.
Radiation 


· Radiation is the transfer of energy through space without particles of matter colliding or moving to transfer the energy.  
· This radiated energy warms an object when it is absorbed.  
· Radiant heat energy moves from an area of higher temperature to an area of cooler temperature.
It is not essential for students to know about areas of higher or lower density of fluids.  They also do not need to know about electromagnetic waves being transferred in radiation.
Assessment Guidelines:

The objective of this indicator is to illustrate the directional transfer of heat energy through conduction, convection, and radiation; therefore, the primary focus of assessment should be to give illustrations or use illustrations to show the concept of heat transfer through conduction, convection, or radiation. However, appropriate assessments should also require students to recognize the types of heat transfer based on descriptions of how particles behave; classify methods of heat transfer based on how particles behave; infer the direction of heat transfer; or summarize the direction of heat transfer in various types of heat transfer processes if given temperature differences.
Teaching Indicator 6-5.5:  Lesson A - Transfer of Heat and Energy – “Heat Transfer”
Instructional Considerations:
This lesson is an example of how a teacher might address the intent of this indicator.  STC Catastrophic Events provides an opportunity for conceptual development of the concepts within the standard. 
 In 3-4.2 students learned how heat is transferred through conduction.
In 6-5.1 students examined the various sources and properties of energy as they observed the change in the temperature of a spoon placed in very hot water.  Standard 6-4 includes indicators (6-4.7—solar energy and 6-4.8 –convection cells) that help students build conceptual understanding of the effects of energy on the Earth’s Atmosphere and weather. This lesson builds on the knowledge from 6-5.1 and provides experiences that will support the students understanding of heat transfer through conduction, radiation and convection and how these methods of heat transfer are important to us on Earth.  It is suggested that this lesson be completed prior to working with the lessons in the weather module.
A reminder:  Heat always moves from an area of higher temperature to an area of lower or cooler temperature.

Preparation for the Lesson:
Gather materials needed

Misconceptions:
When students explain the differences in terms of conduction (heat traveling through various spoons…metal, plastic, wooden, etc.) they explain it in terms of heat traveling through the materials at different rates.  So the fact that the metal spoon heats up and the wood does not simply is explained by them as due to the fact that heat travels at different rates through different materials.  Many even talk about the differences in heat due to whether the heat has traveled towards them or away from them.  
Safety Note:
Students should follow the classroom safety procedures. The teacher might want to pour the hot water.  If glass juice bottles are used in second activity, make sure students understand safety procedures in working with glass.
Lesson time:

4 Days (1 day equals 55 minutes)
Materials Needed: (per group)
Activity 1
3 cups for hot liquids with plastic lids that have a straw hole

Metal spoon 

Wooden spoon or dowel

Plastic spoon

Very hot water (almost boiling)

Activity 2

2 glass juice bottles or small plastic drink bottles per student group
Index cards

Food coloring or color tablets (ex. Blue for cold, red for hot)
Hot water (very hot)

Ice Water

Focus Question:

What are the three ways that heat energy can be transferred?
Engage:
1. Write the terms “heat” and “transfer” on the board.

2. Ask the students to talk about what they mean.

3. Ask volunteers to share their thoughts.  

4. Show students the set up used in module 6-5.1 for conduction:  (Styrofoam cup, metal spoon, lid and hot water.)

5. Ask them to draw a diagram and describe what is happening and how it relates to heat transfer.
6. Tell them that in this lesson you are going to be reviewing conduction and convection (If you have not done the weather unit, then the concept of convection might be new to the students.) and examining how they differ from radiation and how all three are methods of heat transfer.  (If you have completed the weather unit students may have already been introduced to radiation.)

Explore:
1. Write the following examples of heat transfer on the board. (a spoon placed in a metal pot gets too hot to touch--conduction, a child’s slide in a park becomes too hot to use-radiation; air over land that has been heated by the sun rises and cools moving in a current--convection.
2. Have students talk about how the heat is transferred in each example.

3. Conduction: Tell students that earlier they worked with conduction when they investigated the heat transfer that occurred in the metal spoon. 

4.  Remind students of the characteristics of conductors by providing them with the materials listed under Materials, Activity 1.  
5. Have them set up the investigation and observe the handles of each spoon after about 10 minutes. 
6. They should place metal, wooden, and plastic spoon in separate cups.  The teacher then adds hot water to each cup. Student adds lid to each cup and observes after 10 minutes.
7. Ask them to describe what happened with each of the 3 spoons.  
8. Ask students to draw and label a diagram showing the set up and how the heat moved.

9. Ask them: How do you think the heat moved within the spoon? (convection—heat moved through the “fluids” from bottom to top of spoon) If students cannot answer this now, tell them that the next activity will investigate this type of heat transfer.

10. Convection:  If students have already studied weather, then they have worked with convection currents in the air in the “Mysterious Snake activity” in Indicator 6-4.8.

11. To allow students to observe convection in liquids each group needs two glass juice bottles (See materials in list above for Activity 2). 

12. Have students fill one bottle with very hot water and the other with very cold water. (Teacher may want to add the hot water.)

13. Have students add food coloring to each jar – use 2 different colors. (red for hot water, blue for cold water)
14.  Place an index card over the bottle with the cold water.  
15. Very carefully, working over a plastic tub, place the bottle with the cold water on top of the bottle of hot water.  The cold water bottle will be turned upside down and the card will keep the water in. 
16. Ask the students to predict what will happen when the index card is removed and the water from the top bottle is added to the water in the bottom bottle.

17. After the two jars are lined up together remove the index card so that the 2 liquids can mix. 
18.  Have students draw and label a diagram of the set up and then the observation.  Use arrows to show how the heat moves.  Ask students to write an explanation for what they observe.  (The warmer water moves to the cooler water and beneath setting up a current, since heat moves from an area of higher temperature to an area of lower temperature.)
19. Ask students to suggest a time when this occurs.  (sea and land breezes, ocean currents, global wind belts, etc.)  They may have a harder time with this is they have not studied weather. (Remind them about the spoon and convection in the spoon).
20. Radiation:  Tell students that the other method of heat transfer is radiation.
21. Show students a picture of the sun and ask them what type of energy is received from the sun. (heat and light).
22. Tell them that the heat is transferred through radiation.
23.  Tell students that other objects transfer heat through radiation.
24. Remind students of the investigation during the weather unit when they compared the heating of water with the heating of soil.  If this has not been done, then provide the following materials and have the students investigate the heating of soil and water through heat transfer.

a. soil, water,2 styrofoam cups, heat lamp, thermometers

b. Place soil in one cup and water in the other

c. Place a thermometer in each cup and place them both under a lamp.
d. Observe and record the temperature over a period of 10-15 minutes.

e. Have students draw and label the set up describing what they observed and how the heat is being transferred.
25. Ask students to name some other examples:  (fireplace, candle, etc)

Explain:
1. Show students the pictures of various examples of heat transfer below.

2. Ask them to name the type of heat transfer represented by each and draw arrows to show the direction of the transfer.
3. Ask different students to share their answers for the pictures.  As they share, remind them of the important points about Conduction, Convection and Radiation. See Teacher Background below and Support Document.

4. Show the Streamline Video: “Exploring Heat:  Heat Transfer”.

5. Ask students to set up their notebooks for Interactive Notebooking (divide page/notebook into two columns/sides; label right hand page/column: Note Taking and left hand column page:  Note Making.

6. Ask them to take notes during the video.  

7. After they have viewed the video, ask them to use their notes to make notes on the left hand side of the page. (questions they now have, what they now know, etc)
8. Show the next segment in the Streamline Video “Exploring Heat:  Warm to Cool”. 1:47

Teacher Background:
1. Conduction occurs when two materials are in direct contact with each other and the heat transfer occurs through touching. The metal spoon is in direct contact with the hot water.

2. Convection is the transfer of heat energy by movement of the heated substance itself, as in currents or fluids (liquids or gases).  Particles with higher energy move from one location to another carrying their heat energy with them.  Particles with high energy move from warmer to cooler parts of fluids. In the spoon which has been heated by direct contact with the hot water, the heat is transferred up the spoon as the heat is transferred from one molecule to another. Convection currents in the atmosphere and the oceans and other bodies of water transfer energy that creates our global wind belts, land and sea breezes and ocean currents.
3. Radiation involves heat transfer that occurs as heat is radiated from an object.  The sun’s heat energy travels through space and reaches the earth’s surface to provide heat and light energy. Radiated heat warms an object when it is absorbed by that object.  If you stand outside on a warm day, your body will be warmed by the radiated heat.  Heat transfer occurs from an area of higher temperature to an area of lower temperature. Heat from a fire is an example of radiant heat.
Extend:
1. Illustrate convection, conduction and radiation using popcorn by demonstrating three ways to cook popcorn.  Have students identify which heat transfer method is being demonstrated and explain how they know.
a. Use a pan on a “stove”/hot plate, oil and popcorn kernels and cook some popcorn.

b. Cook corn in a popcorn popper

c. Microwave a bag of popcorn

2. Popcorn cooked on the stove is cooked by conduction.  The heat is transferred by direct contact from the pan, to the oil to the kernels.

3. The hot air in the popcorn popper transfers the heat to the cooler kernels.  When enough hot air heats the kernels, they pop.

4. The kernels in the microwave are heated by the radiation in the microwave and they heat up, giving off more heat to the kernels surrounding them.
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Standard 6-5: The student will demonstrate an understanding of the law of conservation of energy and the properties of energy and work. (Physical Science)





Indicator 6-5.5: Illustrate the directional transfer of heat energy through convection, radiation, and conduction.
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