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Heat and temperature effect many engineering designs, decisions and applications. How something behaves when heated or cooled is a critical consideration in all types of engineering.

In this lesson, students accumulate knowledge and understandings about heat and its relationship to temperature. They will explore how heat travels or spreads, what kinds of things can prevent that spread and how to use that knowledge to make a product and how to protect a product from melting. Describe the performance task to students prior to the beginning of this lesson so that students know what they will be working towards. At each point, after each session, reiterate the final task and ask if what they learned during the activity will help them better design a melt-proof ice cream container.

Desired Results

A.  Established Goals

NSES Physical Science Content Standard B: As a result of the activities in the grades K-4, all students should develop an understanding of 

· Properties of objects and materials

· Position and motion of objects

· Light, heat, electricity and magnetism

B. Understandings


1.  Students will understand that

· heat is a form of energy. 

· heat is the random motion of molecules; temperature is the measure of the AVERAGE amount of movement in the molecules.

· heat energy moves from a place of higher temperature to a place of lower temperature until equilibrium is established.

· materials have differing abilities of to conduct or insulate heat energy.


2.  Students will know

· the three primary ways heat is transferred: convention, conduction, and radiation

· insulators prevent heat energy transfer

· equilibrium is a state of balance between two things


3.  Students will be able to 

· safely use simple lab equipment

· describe a method of preventing heat transfer between objects

· set up a simple data table to record their results

C.  Essential Questions

How can heat be prevented from traveling into a container of ice cream and melting it during transit?

Assessment Evidence

A.  Performance Task

Students will use their knowledge to design and build melt-proof container for ice cream. They will track the temperature changes in the container over a four-hour period to simulate the ice cream in transit from manufacturer to store. Students will draw a diagram that shows how and why the container works. Students will be assessed on the clarity of their explanations, the correct use of words from the word bank and the effectiveness of the final product.

B.  Other Evidence

Data Sheets from activities

Observations

Learning Plan

Time required for the activities in this lesson

· POP! –45-60 minutes 

· Convection Currents-2 45-60 minutes sessions

· Heat Racers-2 45-60 minutes sessions

· Expand and Contract-1 45-60 minutes sessions

· Ice Cream Containers-2 45-60 minutes sessions

Activities

Activity 1:  POP!

Key Concept: Heat is the energy in transit from an area of higher temperature to an area of lower temperature. It is the random motion of molecules. Molecules in matter are always moving but as heat energy is transformed into kinetic energy, molecules move more rapidly. Temperature is the measure of the AVERAGE amount of movement in the molecules. 

Materials 

    Per group


Test tube rack


Test tube holders or clothespins


Alcohol burner or candle


Matches


Cooking oil in small jar


Eyedroppers

Timer

    Per student


Glass test tube


2” square of aluminum foil


2 kernels of popcorn


Safety goggles


Pencils


Student generated data tables

Procedure

1.  At each group workstation, set out all materials. Place eyedroppers into the cooking oil. All students must wear goggles at all times for this experiment.

2. Demonstrate procedure for popping the popcorn.

1. Place one or two popcorn kernels in a test tube and add several drops of cooking oil.

2. Make a cap for the test tube using the foil. Make sure the cap is snug. 

3. Hold the test tube using the test tube holders or clothespin. It helps to grasp the test tube at the top around the foil cap. 

4. Light the candle or alcohol burner. 

5. Start timer, place the test tube above the flame, and tip the tube away from anyone’s face. 

6. Watch the oil and the popcorn carefully. 

7. When the test tube is removed from the flame, record time and results in a data table.
8. Set the dirty test tube into the rack. When finished completely, empty tubes and wash in soap and water.
3.  Prior to beginning the experiment, students in each group must decide on how they are going to set up their data table to display results. Each group member will use the same data display format.

4.  When students at a workstation have decided on a data display and have set up their data tables, they can begin the experiment.

5.  Each student will perform the experiment. All students will display the results from each team members experiment.

6.  When all students are done, they will clean up workstation and discuss results among themselves.

Assessment

Review data tables with class and discuss results. What conclusions can students draw? What is happening inside the test tube, what is happening inside the popcorn kernels? What can explain the differences between trials as far as time and results? Are some of the data displays more helpful than others?

At the bottom of each student’s data table, have them write the one key thing they think they understand about heat energy, using the experiment as evidence. Check for misunderstandings.
Activity 2:  Currents Around Us

Key Concept: Convection currents are caused when heated fluid become less dense and rises while colder fluids become denser and sink. 

Experiments:


Convection Currents in Gases 1:  Heat Shimmer


Convection Currents in Gases 2: Smoke Signals


Convection Currents in Liquids 1: Water Chimney


Convection Currents in Liquids 2: Hot Marbles

7 teams of 3-4 students

Team members: Supply Manager, Recorder, Experimenter, Procedure Manager

If a team has only three members, the Recorder will handle the procedure manager’s task.


Supply Manager-gets supplies for the next experiment


Recorder-records results or draws picture of results for each experiment


Experimenter-runs the experiment


Procedure Manager-reads the procedure for the experiment 


All materials for experiments will be at a central supply station in bins or trays. Place large jugs full of cold and hot water on the table as well. Smoke Signals will have most of the set up on counters. Bins for this experiment will contain additional materials and instructions to proceed to the experiment station on the counters. Students will send Supply Manager up pick up supplies (therefore, have at least 2 set-ups for each experiment). Teams will perform one experiment at a time, record their results and then return the bin of supplies to the central station. Then they will get the next experiment’s supplies and do the next one. Job changes happen after each experiment is complete. 

Station Set up for Smoke Signals: Plug two small lamps or light bulbs in and turn on. 

Convection Currents in Gases 1: Heat Shimmer

Materials



Calico cloth or laminated graph paper 



Matches



Alcohol burner or candle



Ring stands or other support



Ruler



Data recording sheet

Students will follow these instructions: 

· TIE HAIR BACK. PULL UP SLEEVES. USE EXTREME CAUTION. 

· Suspend the cloth or paper from the ring stands or other support so that it hangs down like a curtain.  

· Light the alcohol burner if necessary.  

· Place the flame about 12” to 18” away from the cloth or graph paper. 

· Look at the lines on the paper or cloth through the warm air rising from the candle.  

· What happens to the appearance of the lines? Record results or draw a diagram.

Convection Currents in Gases 2: Smoke Signals

Materials



Stick of incense, or cigarette paper



Matches



Basin of ice 



Data recording sheet 

Students will follow these instructions: 

· Go to Smoke Signals station. 

· Turn lamp on if necessary. 

· Light a stick of incense if unlit. USE EXTREME CAUTION. Blow the incense out so it begins to smoke.

· Hold the smoking incense near hot bulb or candle and watch the path of the smoke. 

· Then move the incense stick over the container of ice. What happens to the path of the smoke now? Record results or draw a diagram.

Convection Currents in Liquids 1: Water Chimney

Materials:



Bottom half of a plastic 2-liter bottle or large glass jar



Baby food jar
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Baby food jar lid with two holes



2 pieces of straw, ea. 5 cm. long



Small cup with food coloring



Eyedropper



Two measuring cups



Red marker



Data recording sheet
Set up:

Put one piece of straw into each of the two holes in the lid. Push one piece of straw down so that it is flush with the top of the lid. Push one piece of straw up so that 4 cm. is protruding above the lid. The lid should look like picture above.

Students will follow these instructions: 

· Use the eyedropper to put a few drops of food coloring into the baby food jar. Use the measuring cups to get hot and cold water from the supply table. 

· Fill the baby food jar full of hot water. 

· Put on the lid. 

· Carefully place the small jar into the half liter bottle. 

· Pour cold water into the liter bottle until both straws on the lid are completely covered. Add more water if necessary. 

· Observe the straws through the side of the plastic bottle. What is happening to the colored water? Record results and draw a diagram with the red marker.

Convection Currents in Liquids 2: Hot Marbles

 Materials:



2 clear plastic cups



5-6 marbles



2 measuring cups 



Small cup with food coloring



Eyedropper



Red marker



Data recording sheet

Students will follow these instructions: 

· Use the measuring cups to get hot and room temperature water from the supply table. 

· Fill one plastic cup 3/4 full of room temperature water. 

· Place on table and wait until water is completely still. 

· Fill eyedropper full of food coloring. Hold above the surface of the water and squeeze a few drops out. 

· Observe the movement of the food coloring. Record results or draw a diagram with the red marker. 

· Empty cup completely. 

· Place marbles at the bottom on one of the clear cups. 

· Add enough hot water from the supply table to the cup to barely cover the marbles.  

· Place the second cup inside the first cup. 

· Fill the second cup with room temperature water again. 

· Again, drop a few drops of food coloring into the cup. 

· Record the results and draw a diagram with the red marker.
Assessment:

Discuss experiments with the students. Have students share their descriptions from their data sheets. What general rule can be crafted to explain what happened in all of the experiments? Check for understanding.

Activity 3:  Expand and Contract

Key Concept: heat causes most substances to expand and become less dense. When cold, most substances contract and become denser. A critical exception to this rule is water, which behaves in an opposite fashion.

Material 

    Per group


Hair dryer (ask several students to bring one in)


Measuring tape


Black marker


Timer

    Per student


9” balloon

 1. Describe the experiment to the students: Students will inflate a balloon and then draw a line around the largest section of the balloon. Using a measuring tape, they will measure the circumference of the balloon prior to heating for 1 minute and then once again after heating for 1 minute.

2.  Prior to beginning this experiment, have students in a work group decide how they are going to set up a data table to display their results. Check the data table before allowing students to start experimenting. 

3.  Have each student inflate and tie his or her balloon. They should try to make the balloons as close in size as possible. 

4.  Each student will draw a black line around the middle of his or her balloon.

5. Students will use the measuring tape to measure around the balloon’s black line. Use the centimeter side of the tape. Record the number on the data table.

6.  In turn, each student will set the hair dryer on high heat and aim it at the balloon as the timer starts.

7. After one minute, turn off the hair dryer, re-measure the balloon and record the new number in the data table. 

8.  Continue until all students have done the experiment. If time, permits, a second trial would be helpful.

Assessment:

Review data tables with class and discuss results. What conclusions can students draw? What is happening inside the balloon? What can explain the differences between trials as far as time and results? What variables were not controlled? Are some of the data displays more helpful than others?

At the bottom of each student’s data table, have them write the one key thing they think they understand about heat energy, using the experiment as evidence. Check for misunderstandings.
Activity 4.  Heat Racers (you will need outdoor access and a sunny day for the second session of this activity)
Key concept: Insulators are materials that do not allow heat energy to transfer easily. Conductors are materials that DO allow materials to transfer heat energy.

Materials

    Per class


Scrap materials


Tape


Scissors


Different colors of construction paper


Different types of paper


Plastic wrap


Aluminum foil


Cardboard


timer

    Per student


Thermometer


Pencil



Student generated data tables

Procedure:

1.  Students will be attempting one of two possible tasks:

· Creating a sleeve for a thermometer that causes the temperature to rise as high as possible within a specified period of time OR

· Creating a sleeve for a thermometer that keeps the temperature at or below the starting temperature for a specified period of time.

2.  Have students choose their task and form a workgroup with several others doing the same task.

3. Prior to beginning this experiment, have students in a work group decide how they are going to set up a data table to display their results. Check the data table before allowing students to start experimenting.

4.  Students will get materials from the supply table to use for making a sleeve for their thermometer. Allow sufficient work time to complete the sleeves. It must be possible for the student to read the temperature shown on the thermometer although the thermometer can be briefly removed for the readings.

5.  When the sleeves are finished, they can be put aside until there is a sunny day to do the second part of the experiment

6.  On a sunny day, have students insert a thermometer in the sleeve that they created.

7.  Take the timers, pencils, and sleeves out to an area that gets a lot of sun. All sleeves must be placed in full sun.

8.  Students will start the timer in their group. Every two minutes, the timer will stop, students will read and record the temperature in their data tables, and replace the thermometer in the sleeve. Repeat as many times as scheduling permits.

Assessment:

Review data tables with class and discuss results. What conclusions can students draw? What is happening inside the sleeve? What can explain the differences between results? What variables were not controlled? Are some of the data displays more helpful than others?

At the bottom of each student’s data table, have them write the one key thing they think they understand about heat energy, using the experiment as evidence. Check for misunderstandings.
Performance Task Assessment: Ice Cream Containers 

Materials

    Per group


Design Brief


Metric rulers


Thermometer


Scissors 


Small frozen ice cream in cup

    On supply table


Scrap materials for construction (scrap paper, cardboard, etc.)


String


Straws


Aluminum foil


Plastic cups


Wax paper


Cling wrap


Tape

Procedure 

1.   Introduction

Discuss problems in delivering goods to supermarkets. Food gets too hot, or too cold and may be ruined if not delivered properly. Introduce the activity by telling students they have just graduated from industrial design school and on their first day of work, they are going to have to design and build a container which will keep ice cream at the correct temperature for a specified period of time. They will also be responsible to developing marketing plan, detailing how the container works and why it will be effective. After introducing the activity, hand each student a sheet. 

2.  The Challenge:  

Each team must design and build a new type of ice cream container that will keep the ice cream frozen for the longest period of time. (Each team will also be charged with developing a marketing plan for their new type of container.)  Teams MUST write their plan in the space below BEFORE they start to work on the container design although alterations are permitted as the design changes.

3.  Specifications: 

· The container must be no larger than 10 cm. on each side

· The container must be roughly a six-sided square.

· The cost of the container must be as low as possible.

· The thermometer must be visible so that data can be collected.

· Before beginning the test, place the small cup of frozen ice cream into the container and seal it.

4.  Construction

After initial plan is complete, students can begin construction of the their container.  The team must keep careful track of the materials they use and the cost of each item or unit. Criteria for success are a low-cost container that keeps the ice cream frozen for a specified period of time, depending on scheduling constraints. 

5.  Data Collection:
Teams will record the initial temperature of the ice cream container as well as the final temperature.

6.  Design  

On a separate piece of paper, team members must draw a diagram of their final design based on the materials they used. They should label all parts of the container.

7. Job Analysis:
After students finish the challenge, each team member must write up a job analysis in the space provided.


1.  Did the team work well together?


2.  What was the quality of the team’s work-okay, good, great?


3.  What was the biggest challenge for their company?


4.  What could have made the job easier?

8. Cost List (change to reflect actual items available for student use.)

Tape 


$0.10
per cm.

Wax Paper 

$0.15
per 10 cm. sheet


Plastic Wrap

$0.20
per 10 cm. sheet


Aluminum Foil
$0.25
per 10 cm. sheet


Nylon Fabric  
$0.15
per 10 cm. square


String 
0.05

$0.10 per 10 cm. length


Small Plates 

$0.15
each


Large Plates 

$0.30
each


Craft Sticks 

$0.02
each


Straws 

$0.02
each


Plastic Cups 

$0.15
each

Scoring:

With students, create a scoring rubric for the product and the process. A sample rubric appears below.

	Process
	5
	4
	3
	2
	1

	Chooses appropriate materials
	
	
	
	
	

	Follows all directions
	
	
	
	
	

	Managed time well
	
	
	
	
	

	Worked well with group
	
	
	
	
	

	Contributed to the process
	
	
	
	
	

	Product
	
	
	
	
	

	Recorded all necessary data
	
	
	
	
	

	Completed all tasks 
	
	
	
	
	

	Demonstrated creativity
	
	
	
	
	

	Demonstrated knowledge
	
	
	
	
	


©2006  Erin Denniston, Science Specialist       McDougle Elementary School       Chapel Hill, NC         1

