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	Program Information
	[Lesson Title]
Keeping Warm: Insulators and Conductors


	TEACHER NAME

Tessa Torowski
	PROGRAM NAME

Project LEARN of Summit County

	
	[Unit Title]

	NRS EFL(s)
3 – 4 


	TIME FRAME
120 minutes

	Instruction 
	ABE/ASE Standards – Mathematics
       

	
	Numbers (N)
	Algebra (A)
	Geometry (G)
	Data (D)

	
	Numbers and Operation
	
	Operations and Algebraic Thinking
	A.4.4
A.3.13
	Geometric Shapes and Figures
	G.3.3
	Measurement and Data
	

	
	The Number System
	
	Expressions and Equations
	
	Congruence
	
	Statistics and Probability
	

	
	Ratios and Proportional Relationships
	
	Functions
	
	Similarity, Right Triangles. And Trigonometry
	
	Benchmarks identified in RED are priority benchmarks. To view a complete list of priority benchmarks and related Ohio Aspire lesson plans, please see the Curriculum Alignments located on the Teacher Resource Center.

	
	Number and Quantity
	
	
	Geometric Measurement and Dimensions
	
	

	
	
	
	Modeling with Geometry


	
	

	
	Mathematical Practices (MP)

	
	X
	Make sense of problems and persevere in solving them. (MP.1)
	X
	Use appropriate tools strategically. (MP.5)

	
	X
	Reason abstractly and quantitatively. (MP.2)
	(
	Attend to precision. (MP.6)

	
	(
	Construct viable arguments and critique the reasoning of others. (MP.3)
	(
	Look for and make use of structure. (MP.7)

	
	X
	Model with mathematics. (MP.4)
	(
	Look for and express regularity in repeated reasoning. (MP.8)

	
	LEARNER OUTCOME(S)

Students will be able to:

· use mathematical models to calculate percentage of heat loss, and represent data graphically

· investigate properties of thermal insulators and thermal conductors


	ASSESSMENT TOOLS/METHODS

· Instructor will formatively assess students in the lab setting and use questioning techniques to guide student learning

· Students will be evaluated on their data and graphs for both the lab investigation and online investigation

	
	LEARNER PRIOR KNOWLEDGE

Students will need knowledge of:

· Multi-variable formulas
· Calculating percentages

· Graphing on a coordinate plane

· Reading a thermometer



	
	INSTRUCTIONAL ACTIVITIES 

Before beginning the lab, the teacher should review Keeping Warm: Insulators and Conductors Teacher Resource

1. Introduce variables:

a. Variables are factors that can occur in different quantities in an experiment. There are three common types of variables in an experiment: 
i. Independent, 
ii. Dependent, and 
iii. Controlled. 
b. Variables create a cause and effect relationship in a lab. 
c. It is important to identify variables because they can impact the outcome of the lab. 
i. The independent variable is purposely changed to see how it affects the dependent variable. 
ii. Controlled variables are factors that are kept constant in order to see the relationship between the dependent and independent variables. 
2. Consider the following example: 

a. You want to see if using the air conditioner while driving uses more gas than driving with the windows down. 

i. The independent variable is the variable that is purposely changed. In this case the method of climate control, air conditioning or windows down, is what we change in order to see the effect. 

ii. The dependent variable is what is affected, which would be gas mileage. 

b. Can you think of variables that should be controlled? How about the speed you drive? The outside temperature? The slope of the road? How much weight is in the car? 

c. All of these factors could also affect the mileage so we would have to make sure they were the exact same for both trials. 

3. Try this example. What solute dissolves faster in water, salt or sugar? 

a. What is the independent variable (the cause)?

b. What is the dependent variable (the effect)?

c. What should be controlled (the same)?

d. The independent variable would be the solute (salt and sugar); the dependent variable is how fast they dissolve. Some controlled variables could be water volume, salt and sugar volume, water temperature, stirring method, stirring rate etc. 

4. As you complete the Keeping Warm: Insulators and Conductors Student Activity, identify the dependent, independent and controlled variables. 

5. For additional practice or an extension activity have students complete Heat Transfer & How to Keep Warm

	RESOURCES

Student copies of Keeping Warm: Insulators and Conductors Student Activity (attached)

Supplies needed for Keeping Warm: Insulators and Conductors
· Various travel or “to-go” mugs for student use
· Thermometer for student use
· Beaker or measuring cup for student use
· Hot water (can use microwave or hot plates) for student use
· Calculators for student use
· Clock or timer for student use
Keeping Warm: Insulators and Conductors Teacher Resource (attached)

Computers with Internet access for student use
Heat Transfer & How to Keep Warm - Science Games & Activities for Kids. (n.d.). Retrieved from http://www.sciencekids.co.nz/gamesactivities/keepingwarm.html


	
	DIFFERENTIATION
· A step-by-step guide for using the change in temperature formula is included in the student packet. 
· Students can be grouped by ability either putting higher level with higher level or by or mixed level.


	Reflection
	TEACHER REFLECTION/LESSON EVALUATION



	
	Additional Information

This lesson also addresses:

Science Practices:

SP.2 Investigation Design (Experimental and Observational)

c. Identify the strength and weaknesses of one or more scientific investigation (i.e. experimental or observational) designs

d. Design a scientific investigation

e. Identify and interpret independent and dependent variables in scientific investigations

SP.3 Reasoning from Data
b. Reason from data or evidence to support a conclusion

SP.6 Expressing Scientific Information

a. Express scientific information of findings visually

Physical Science

P.a Conservation, Transformation, and Flow of Energy

1. Heat, temperature, the flow of heat results in work and the transfer of heat (e.g. conduction, convection)



Keeping Warm: Insulators and Conductors

Student Activity

Materials:

Various travel or “to-go” mugs

Thermometer

Beaker

Hot water (can use microwave or hot plates)

Calculator

Clock or timer

Safety: HOT WATER CAN SCALD SKIN

1. Question: Which travel mug keeps water warmest?
2. Hypothesize: Make a prediction of which mug will have the least amount of heat loss over a ten minute period.  

3. Experiment
Before you start the experiment, read through the steps and identify the dependent and independent variables. What variables are being controlled?

Procedure: 


a) Use hot plate or microwave to heat water. The water does not need to be boiling, but hot enough to notice a temperature change. Think coffee temperature. 

b) Pour 100mL of hot water into a travel mug. 

c) Take the initial temperature and record it in the data table

d) Wait 10 minutes. Use this time to discuss the formula from step d (see page 4 for help.) 

e) Take the final temperature and record it in the data table

f) Use the formula below to calculate the % of heat lost. 

(Ti – Tf)/Ti  x 100 =% Heat Lost

Data Table:

	Mug
	Initial Temp. ⁰C
	Time
	Final Temp ⁰C
	Time
	% Heat loss

	Ex: Styrofoam
	44 ⁰C
	9:37
	36 ⁰C
	9:47
	18%

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


4. Analyze: Look for trends in your data. What can you learn from this information? 

5. Conclusion: Restate your hypothesis. Use your data and observations to support your conclusion. Where did the heat go?  

(Ti – Tf)/Ti  x 100 = % Heat Lost
This formula might look confusing at first, but just like any other formula you will use your data to fill in the values. This is a basic formula that determines a percent of the original amount, just like the percent off of a pair of pants. 

Let’s start with what this formula is “saying”. From left to right, it says that the initial temperature minus the final temperature divided by the initial temperature multiplied by one hundred equals the percent of heat lost. This sounds like a mouthful but there are just three operations that need to be completed. 

The symbols Ti and Tf  may look intimidating, but they are just placeholders or mathematic variables.  

T represents the value for Temperature, the subscript or small letter, represents which temperature, like initial or final. These subscripts are not mathematical operations, they are simply placeholders for the values obtained in the experiment. 

If we use our example data for initial and final temperatures from the data table the formula will look like this:

(44-36)/44 x 100 = % of heat lost


Order of operations says that we complete what is inside of the parenthesis first:

44-36=8 
therefore, our formula now reads   
 8/44x100= % of heat lost
Now, according to the order of operations we can simply calculate from left to right.

8/44= 0.18 so 0.18 x 100 = 18% of heat lost
Use the same process for all of your data. 

Heat Transfer 

Some materials are good thermal conductors which allow for the transfer of heat, while others are good thermal insulators which resist the transfer of heat. Conduct experiments and watch how the temperature changes. Record your results on a table and make your own conclusions.
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Next you will create a graph to help you analyze your data. Instead of looking at numbers only, scientists look at graphs to easily recognize trends. 

Use http://nces.ed.gov/nceskids/createAgraph/ to create a graph. 

A line graph will allow you to compare a change in temperature over time. You can put multiple lines on one graph. 

In the “Data” tab, give your graph a title and label the x axis “Time in Minutes” and the y axis “Temperature in Celsius”

For the data set, you will want seven items and four groups. The “items” will be your times, the “groups” are the materials and the “values” are the temperatures. Think of the “items” as your y’s and your “values” as your x’s. See page 7 to help you get started. 

When your graph is complete, answer the post lab questions on page 3.
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Post Lab Questions

6. How do your results from the in class lab compare to the online experiment?

7. Some materials are good thermal conductors, which allow for the transfer of heat, while others are good thermal insulators, which resist the transfer of heat. Which materials would you consider conductors and which would you consider insulators? 

8. Why didn’t the temperatures in the online experiment go lower than 18 degrees Celsius? 

9. If some materials are better insulators than others, why do you think cup materials vary from company to company? 

10. Do you think the same concepts apply to keeping drinks cold? 

11. Briefly describe an experiment that could test the effectiveness of travel mugs for cold drinks identify the independent, dependent, and controlled variables. 

Keeping Warm: Insulators and Conductors

Teacher Resource

Activity Summary

This lab investigates percentage of heat loss of travel mugs. Some materials are good thermal conductors, which allow for the transfer of heat, while others are good thermal insulators, which resist the transfer of heat. Students will conduct experiments and watch how the temperature changes. There is a strong emphasis on the use of mathematic formulas. The lab extends to an online simulation of a similar experiment as well as a graphing tool. 

Understanding the movement of Energy:

The law of conservation of energy- energy cannot be lost or gained, only transferred. 

Insulators- poor energy transfer

Conductors-good energy transfer
Objectives

Students will:

· Investigate properties of thermal insulators and thermal conductors

· Use mathematical models to represent percentage of heat loss

Teacher Notes

-Students can contribute their own cup or mug to this experiment. 

-Use caution with the hot plates and hot water. DO NOT TURN HOT PLATES ABOVE THE LOW SETTING

-Students may be unfamiliar with Celsius. As a warm up, have students determine common temperatures using the conversion formulas.

 Ex: 32 degrees Fahrenheit, 100 degree Celsius, 72 degrees Fahrenheit
	Fahrenheit to Celsius: 
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	Celsius to Fahrenheit: 
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- For further math practice have students convert the temperatures from the lab to Fahrenheit

-This lab has many uncontrolled variables which allows for meaningful post lab discussion. 

Examples: size of cup, amount of air space, shape of cup, multiple materials in one cup, design etc. 

-Concepts of thermal conductivity are similar to that of electrical conductivity… think of an electrical cord. The rubber is a poor conductor (good insulator) to protect our hands from the metal which is a strong conductor. 

Post Lab Questions KEY
Where did the heat go? (from data analysis section)

Heat is energy, which cannot be lost or gained, only transferred. The heat transferred out of the cup depending on how well the cup insulated the water. Heat always transfers from the hotter object to the cooler object. If you touch the table top and it feels cool, that means the heat from your hand moves to the table. You feel the loss of heat. 

How do your results compare to the online experiment?

Answers should show same general pattern. That is temperatures decrease over time. 

Some materials are good thermal conductors, which allow for the transfer of heat, while others are good thermal insulators, which resist the transfer of heat. Which materials would you consider conductors and which would you consider insulators?

Based on the online experiment, the plain glass beaker (none) and the metal are conductors. The polystyrene in an insulator, and the cardboard might be described as a weak insulator. 

Student answers may vary depending on the travel mugs they contributed

Why did the temperatures in the online experiment not go lower than 18 degrees Celsius? 

The heat from the liquid is transferred out of the container, and eventually achieves the surrounding temperature, which must be 18 degrees Celsius.

If some materials are better insulators than others, why do you think cup and mug materials vary from company to company? 

Student answers may vary. Example: production cost, shipping cost, aesthetics, Styrofoam is generally considered bad for the environment etc. 

Do you think the same concepts apply to keeping drinks cold? 

Students should connect that the same ideas applies to heat traveling the other direction, into the cup instead of out of the cup.

Briefly describe an experiment that could test the effectiveness of travel mugs for cold drinks identify the dependent, independent, and controlled variables. 

Student answers will vary.

Keys:
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Example of online graph data entry 


You can use the “Preview” tab any time to check your graph. When you are complete you can save the graph. 








Data for “Keeping Warm”





Graph Example





Data for Online Graph
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