Summer Science Assessment Institute


2006


Teacher Guide
Glitter a Go! Go!
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Task/Assessment Name: The Effect of Heat on the Movement of Molecules

Unit or Course: Properties of Matter

Developer: Paul Giambatista

Purpose: To explore the effect of changes in temperature on the motion of water       

          molecules.

Vermont Framework Standards: 7.12 Energy and Energy Transformations Students understand forces and motion, the properties and composition of matter, and energy sources and transformations. This is evident

when students: Identify and describe commons forms of energy (e.g., light, heat, sound, electricity, electromagnetic waves)

and their attributes, sources, and transmission characteristics (e.g., radiation, convection, conduction of heat);

Vermont Grade Expectations or Local Learning Goals:
· S7-8:3 (DOK 3)   Students demonstrate their understanding of EXPERIMENTAL DESIGN by writing a plan related to the question and prediction that includes:
a. A diagram labeled using scientific terminology that supports procedures and illustrates the setup .

b. A procedure that lists significant steps that identify manipulated (independent) and responding (dependent) variables.

c. A control for comparing data when appropriate.

d. Identification of tools and procedures for collecting data and reducing error.

· S7-8:23   Students demonstrate their understanding of Heat Energy by creating a diagram, model, or analogy for a material in a warm and cool state, showing or describing the motion of the molecules. (DOK3) AND creating a diagram, model, or analogy to explain differences among conduction, convection, and radiation, and using their visual to explain how heat energy travels in different directions and through different materials by each method of energy transfer. (DOK2)
· S7-8:48 (DOK 3)Students demonstrate their understanding of Processes and Change over Time within Earth Systems by explaining how differential heating can affect the earth’s weather patterns.
Teacher Materials and Administration Notes: 
· Optional:  Film: Day After Tomorrow
· Performance materials needed for each station:
· 2 baking pans or water troughs at least 1” deep

· 4 celsius thermometers with support stands

· 1 container of glitter (more than enough for the entire class)

· 1 lamp (clamp on shop lamp or gooseneck capable of using 150-200 W bulb
· metric rulers

· timing device

· It is important that the water not be disturbed by other energy sources, such 

as wind or bumping table.  


· Students should work independently on questions 1 and 2 while waiting for the 
water samples to settle.
· Safety; Lamp and other surfaces may become extremely hot.

Procedures:

· Place the troughs far enough apart so that the light source is not shinning on both

· Add 500 mL of water to each of the 2 troughs

· Set up the thermometers in the experimental set-up so that T1 is nearest to the light source and T2 is the furthest away (see diagram)
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· Place thermometers in the control set-up as shown above.
· Add 10 to 15 glitter flakes to the water. Carefully place them about 2 cm away from T1 and in the corresponding place in the  control sample

· Allow the water to settle for 5 minutes or less if it appears calm sooner

· Record the temperatures and make a sketch of the 2 samples. See Task 4
· Turn on the lamp and begin observing the water and the glitter

· Record the temperature every 2 minutes

· Make sketches showing the position and motion of the glitter in both samples at the end of each time interval.

· Continue with your observations for at least 12 min. from the starting time
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         Can Energy Added Today Change the Day After Tomorrow?

Scenario:


Have you ever seen the movie the “Day After Tomorrow”? One of the ideas discussed in the film is that a change in the amount of heat reaching the earth from the sun could change the paths of ocean currents and that this could change the earth's climate. How is it possible for light energy from the sun to move water molecules here on Earth?

Question/Task #1:

In the boxes below make a diagram of radiation and convection. Show your light source and the using arrows(() to represent motion, circles(() to represent molecules, and waves(~)to show waves, show how heat is transferred during convection and radiation.

                    Radiation                                                  Convection

                                                                                 

1. Depth of Knowledge(Circle)     Webb Level 1           Webb Level 2         Webb Level3

2. Part of the Grade Expectation(s) most strongly elicited by the question. S:2; S7-8:23

3. Pre-requisite skills and knowledge students need to be successful:

· Use of symbols in diagrams

· Understanding of convection and radiation

4. Expected (correct) student response:

· Students show molecules in motion to demonstrate the difference between      convection and radiation

· Arrows demonstrate heat transfer from high concentration to low

· Radiation shows wave pattern between heat source and absorbing molecule

5. Score Guide:

    Points:

    Key Elements:

   ___1___

During convection molecules flow to carry heat 

   ___1___

Arrows show heat flowing from source to receiving molecules

   ___1___

Radiation travel in waves; molecules receive  energy and move 

   ___0__              No evidence of any of the above
Question/Task #2:

In this experiment a light source will shine on a trough of water. Glitter will be sprinkled on the water. Predict the movement of the glitter as the light shines on the water for a length of time. Use the following words, energy, heat, molecules, radiation, and converted to explain your thinking.

1. Depth of Knowledge (circle):        Webb Level 1           Webb Level 2         Webb Level3

2. Part of the Grade Expectation(s) most strongly elicited by the question. S:2; S7-8:23 

3. Pre-requisite skills and knowledge students need to be successful:

· Adding energy to a substance increases its total energy.

· Heat flows from high concentration to low  

· Energy changes forms

· Adding heat to molecules increases their motion   

4. Expected (correct) student response:

· Student explains how the energy is transferred

· Student explains the effect of heat energy on molecular motion

5. Score Guide:

     Points:

    Key Elements:

   ___1__
         Energy is first transferred as radiation in wave form 

   ___1___            Energy converted to heat energy when absorbed by molecules

   ___1___

The heat energy will cause the molecules to move

    ___0__              No evidence of any of the above

Question/Task #3:

Procedures:


It is important that the water not be disturbed by other energy sources.

· Place the troughs far enough apart so that the light source is not shinning on both

· Add 1000 mL of water to each of the 2 troughs

· Set up the thermometers so that the bulbs are the same distance below the water surface. T1 is nearest to the light source,T2 is next and T3 is the furtherest away (see diagram). T represents thermometer location.
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· Place a thermometer in the control in the same relative position as T1

· Add 10 to 15 glitter flakes to the water. Carefully place them about 2 cm away from T1 and in the corresponding place in the  control sample

· Allow the water to settle for 5 minutes or less if it appears calm sooner

· While waiting students can answer question 1

· Record the temperatures and make a sketch of the glitter in the 2 samples

· Turn on the lamp and begin observing the water and the glitter. This is the starting time.

· Record the temperature every 2 minutes(see question #4)

· Make sketches showing the position and motion of the glitter in both samples at the end of each time interval(see question #4)

· Continue with your observations for at least 12 min. from the starting time

1. Depth of Knowledge (circle):        Webb Level 1           Webb Level 2         Webb Level3

2. Part of the Grade Expectation(s) most strongly elicited by the question. S5-6:4 

3. Pre-requisite skills and knowledge students need to be successful:

· Use of metric measuring equipment

· Ability to follow written and visual directions

Expected (correct) student response:

· Students will set-up and perform experiment as specified

· Students construct data table and graph(see more in questions 4 and 5)

5. Score Guide:(this question may not be scored)

     Points:

    Key Elements:

   ____2__

Student follows experimental design

   ____0__              No evidence of any of the above

Question/Task #4:

Organize your data into a table that shows the temperature changes recorded by each thermometer over time. Include a diagram beside the data to show the position of the glitter during each time interval. Label each column with the appropriate label and include a title for your data chart.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


1. Depth of Knowledge (circle):        Webb Level 1           Webb Level 2         Webb Level3

2. Part of the Grade Expectation(s) most strongly elicited by the question. S3-4:5

3. Pre-requisite skills and knowledge students need to be successful:

· How to create a data table

· Making sketches

4. Expected (correct) student response

· Data table shows all temperatures recorded in 2 minute time intervals

· All labels and units accurately given

· Diagrams aligned with time intervals given in data table

5. Score Guide: (this question may not be scored as it is an early level GE)

     Points:

Key Elements:

   ___1___

Students follows experimental set up

   ___1__

All labels, and data accurately displayed

   ___1___             All unit accurately displayed

    ___0__              No evidence of any of the above

Question/Task #5:

Create a line graph of your data to display the changes in temperature in both set-ups. Be sure to use proper labels, units, and titles.
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	


1. Depth of Knowledge (circle):        Webb Level 1           Webb Level 2         Webb Level 3

2. Part of the Grade Expectation(s) most strongly elicited by the question. S7-8:5 

3. Pre-requisite skills and knowledge students need to be successful:

· How to create a line graph

4. Expected (correct) student response:

· Line graph shows comparative change in temperature between sample points

· All units, labels, and data properly displayed

· Graph should show a gradual increase in temperature of water in the experimental set-up  with the control showing the smallest increase  in temperature  

5. Score Guide:

     Points:
       Key Elements:

   ___1___
      All labels, and data correctly displayed

   ___1___         All units accurately displayed

   ___1___          Independent and dependent variable properly labeled

   ___0__              No evidence of any of the above

Question/Task #6:

 Do your data and observations support your prediction about the effect of light and heat on the glitter in the water? Use your data and sketches to explain your thinking. 

1. Depth of Knowledge (circle):        Webb Level 1           Webb Level 2        Webb Level 3
2. Part of the Grade Expectation(s) most strongly elicited by the question.  S:6; S:7; S7-8:23

3. Pre-requisite skills and knowledge students need to be successful:

· How to compare data with respect to cause and effect

· How to identify the variable which is light in this case

· How a “tracer” can be used to show difficult to detect or invisible processes

4. Expected (correct) student response:

· Student uses data to verify accuracy of hypothesis

· Student uses prior knowledge about heat transfer to explain observation

· Students makes a connection between heat transfer, movement of the water and of the glitter

5. Score Guide:

     Points:

    Key Elements:

   ____1__

Student accurately assesses the relationship between their prediction and their data 

   _____1_

Student relates how their data demonstrates the effect of heat  energy on water molecules

  ____1__              Student cites evidence by of temperature change and glitter motion
   ____0__              No evidence of any of the above

   Question/Task #7:

Based on what you've learned in this experiment explain how it is possible that an increase in the amount of light energy reaching the earth can alter the motion of  ocean currents? Be sure to use evidence from the experiment to explain your reasoning.  

1. Depth of Knowledge (circle):        Webb Level 1           Webb Level 2        Webb Level 3
2. Part of the Grade Expectation(s) most strongly elicited by the question. S:7-8:48 (B #3)

3.Pre-requisite skills and knowledge students need to be successful:

· A basic understanding of what an ocean current is

· Ability to relate appropriate model attributes to real world phenomena

4. Expected (correct) student response:

· Student should realize that the properties of heat energy and water are the same in both situations, the model and on earth

· Student states that the heat energy would make the water's motion change in some way that could affect weather patterns

5. Score Guide:

     Points:
     Key Elements:

   ___1___
     Student uses correct data to support their answer

   ___1___
     Student correctly concludes that the motion of the water would    

                          would change due to a transfer of energy

   ___0__           No evidence of any of the above

Question/Task #8:

Suppose that you are oceanographer, a scientist who studies oceans, studying this phenomenon. Design an investigation that would explore whether an increase in the amount of light energy reaching the earth can alter the motion of ocean currents.
1. Depth of Knowledge (circle):        Webb Level 1           Webb Level 2         Webb Level 3

2. Part of the Grade Expectation(s) most strongly elicited by the question.  S:3

3. Pre-requisite skills and knowledge students need to be successful:

· Knowledge of how to design an experiment

· The ability to relate a model to real world phenomena

4. Expected (correct) student response:

· The student should realize they would need some kind of tracer to show movement of ocean currents

· Student needs to determine a way to allow for changes in heat energy

5. Score Guide: (this question may not be scored)

     Points:

Key Elements:

   ___1___

Student design has components to address changes in energy.

   ___1___             Student design has components to address changes in motion.

   ___1___

Student addresses both procedure and materials or equipment needed

   ___0__              No evidence of any of the above
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