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Task/Assessment Name:  Pummeling Proctor Marble  

Unit or Course:  Force and Motion

Developer:  Michael Manney 

Purpose: Introduction to Force and Motion
Vermont Framework Standards:  

Matter, Motion, Forces, and Energy

7.12  Students understand forces and motion, the properties and composition of matter, and energy sources and transformations.  This is evident when students: 


dd.  Observe and demonstrate a qualitative understanding of the relationship be-

          tween mass, the magnitude of an applied net force, and the resulting change in 

          speed and direction.  

 Vermont Grade Expectations or Local Learning Goals:  
S5-6;2 Students demonstrate their understanding of PREDICTING AND 

HYPOTHESIZING by...

· Providing an explanation (hypothesis) that is reasonable in terms of available evidence.
S5-6:3 Students demonstrate their understanding of EXPERIMENTAL DESIGN by...

· An appropriate format for recording data.

S5-6:4 Students demonstrate their ability to CONDUCT EXPERIMENTS by...

· Collecting data and recording accurate and complete data from multiple trials.
S5-6:7 Students demonstrate their ability to EXPLAIN DATA by…

· Using experimental results to support or refute original hypothesis.
S5-6:21 Students demonstrate their understanding of Force by...

· Investigating variables that change an object’s speed, direction, or both, and identifying and describing the forces that cause the change in motion. 
Math GE’S:   M5:1    M5:2    M5:23    M6:21
Teacher Materials and Administration Notes:

1.
Fishing sinker (½ ounce bass casting sinker – not lead)
2.
Fishing sinker (¾ ounce bass casting sinker – not lead)
3.
String

4.
Sugar cubes 

5.
Wooden block on which to rest sugar cube 

6.
Pendulum stand at least 50 cm in height

7.
Protractor

8.
30 cm ruler

9.
Paper placemat (attached) to serve as “demolition site”

Notes:

1.
If the size and weight of the sinkers cannot be found then use a comparable        difference in weight between each sinker. 

2.    
Have a box of at least 100 cubes of sugar because you must use a fresh stack of 

        
cubes for each trial. (Wooden or plastic cubes could replace sugar cubes.)

3.     
You may use any other weighted items, such as washers or bolts. 

4.     
It is recommended that teachers try out the set-up to ensure success.

Scenario:

The town of Proctor has several old walls of marble that are in desperate need of rebuilding. The citizens would like these walls taken down and rebuilt to look more attractive and also to last much longer.  They want to hire a wrecking company to demolish the old walls so the pieces land as close to the dumpster as possible.   One citizen, Sue, believes that a wrecking ball with a larger mass will knock the blocks closer to the dumpster. Tom thinks that the smaller mass wrecking ball will knock the blocks closer to the dumpster.  Which wrecking ball will direct the blocks closer to the dumpster?  

Question 1:  Based on your knowledge of mass and force, make a prediction about which wrecking ball will direct the blocks closer to the dumpster.  Explain your thinking. 

__________________________________________________________________

__________________________________________________________________
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

1. Depth of Knowledge:        Webb Level 1           Webb Level 2         Webb Level 3

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

  S 5-6: 2     bullets 1 and 2        and S5-6:21

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

· Identify force and the changes it causes 

· Making a prediction
4. Expected (correct) student response: 

    The greater the mass of the wrecking ball, the more force will hit the marble blocks,    

    moving them farther away.  

5. Score Guide:

    Points:

    Key Elements:

       1                       For prediction given

1 Explanation is provided

Question 2:

PROCEDURE:

Dumpster




Meter Stick







Sugar Cube



Wooden Block

1. Set up a stand on a table for a pendulum (see diagram).  Screw a test tube holder onto a ring stand at least 50 cm from the top of the table to create a pendulum arm.  The test tube holder, projecting at 90o from the top of the stand, should be at least 50cm above surface of table.

2. Cut two strings at approximately 60 cm.  Attach ½ ounce sinker to one, and the ¾ ounce sinker to the other.  
3. Tie the string with the ½ ounce sinker onto the end of the test tube holder.

4. Tape protractor upside down on the end of the test tube holder so that 90o on the protractor is aligned with the stationary string.

5. Put down placemat, and place the pendulum stand on it in the identified space.

6. Place the wooden block in the identified space.

7. Place a meter stick against the front end of the wooden block extending toward the dumpster on the placemat.

8. Place the sugar cube on the block so that the two front edges (closer to the dumpster) are aligned.
9. Measure the distance (string length plus sinker) between the test tube holder and the sugar cube and record below.
10. Pull the sinker back so that the string is at a 45 o angle.

11. Release sinker carefully.  Do one sample swing to ensure that the sinker strikes the center of the cube. Adjust as needed.
12. Place fresh sugar cube on the block.  Pull the sinker back so that the string is at a 45 o angle, and release.
13. Measure the distance the cube has traveled, and record your data in the chart provided.

14. Remove the string with the ½ ounce sinker, and replace with the ¾ ounce sinker.  Ensure that the string length is the same as that measured in step 8.

15. Repeat steps 9 - 12 for ¾ ounce sinker.
	Distance (cm) between test tube holder and sugar cube (see Step 9):  __________




Sugar Cube Distance 

	
	Half Ounce Sinker Distance (cm)
	Three-quarter Ounce Sinker Distance (cm)

	Trial 1
	
	

	Trial 2
	
	

	Trial 3
	
	

	Trial 4
	
	

	Trial 5
	
	

	Mean Distance
	
	


1. Depth of Knowledge:        Webb Level 1           Webb Level 2         Webb Level 3

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

S5-6:4   bullets 1 and 2

3. Pre-requisite skills and knowledge students need to be successful:
· Measuring length in metric

· Measuring angles

· Following directions

4. Expected (correct) student response:

Students will accurately follow directions. They will also complete the data table provided. 

5. Score Guide:

     Points:

    Key Elements:

1 Accurately complete data table with trial results
Question 3:

Taking the data that you have collected from all the trials, find the means for the ½ ounce sinker and the ¾ ounce sinker.  Round each mean to the nearest tenth. Please show your work.  Record each mean in the data table.

1. Depth of Knowledge:        Webb Level 1           Webb Level 2         Webb Level 3

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

S5-6:5         M5:2         

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

· Understanding the multi-step process of calculating means
4. Expected (correct) student response:

Students will accurately find the mean distance for both masses.
5. Score Guide:  Not Scored

Question 4: 

Determine the range of distances for each mass.  Compare and contrast the ranges, noting any patterns you may see.
	Half ounce sinker distance range:          __________________



	Three-quarter ounce sinker:                  __________________



	Compare and Contrast:




1. Depth of Knowledge:        Webb Level 1           Webb Level 2         Webb Level 3

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

S3-4:6        M5:24         

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

· Understanding the concept of range
· Interpreting patterns

4. Expected (correct) student response:

Students will accurately find the range for both masses.

Students will accurately compare ranges.

5. Score Guide:  

Points:


Key Elements:

1 For accurate comparisons of similarities

1 For accurate descriptions of differences 
Question 5:

Use the means from question 3 to create a graph. Please use a straight edge.



___________________________________
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1. Depth of Knowledge:        Webb Level 1           Webb Level 2         Webb Level 3

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

S5-6:5

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

· Making observations and collecting data 

· Creating and displaying data on a double-bar graph

· Selecting an appropriate scale

· Labeling axes, including units, and title

· Including a key

4. Expected (correct) student response:

Table should include mean values, appropriate scale, accurately labeled units, key
5. Score Guide:

     Points:

    Key Elements:

      1            Correctly identifying axes 
      1

Identifying appropriate scale for each axes
      1

Correctly labeling axes with units

      1

Appropriate title

      1

Appropriate key

Question 6:

Based on your response to Question 1, identify whether the data support your prediction.  Explain your reasoning using the data.

________________________________________________________________

________________________________________________________________

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

1. Depth of Knowledge:        Webb Level 1           Webb Level 2         Webb Level 3
2. Part of the Grade Expectation(s) most strongly elicited by the question. 

S5-6:7   bullet 3
3. Pre-requisite skills and knowledge students need to be successful:

· Students should have experience revisiting their prediction and using the data to accept or reject their prediction.

· Students need to have experience providing an explanation that is reasonable based upon the data.

4. Expected (correct) student response:

Student’s response must restate their prediction and tell whether or not the data supported the prediction.  Student’s reasoning must include evidence from the data to support their view.
5. Score Guide:

     Points:

    Key Elements:

1 Student determined whether or not prediction was supported
1 Response includes an explanation
1
Response includes data

Question 7:
Is this a fair test?  Explain why you think it is either a fair test or not?  What parts of this investigation support your view?   

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

1. Depth of Knowledge:        Webb Level 1           Webb Level 2         Webb Level 3
2. Part of the Grade Expectation(s) most strongly elicited by the question.

S5-6:3 bullet 1        S7-8:3      

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

· Understanding of experimental design:  fair test regarding multiple trials
· Understanding of experimental design:  identifying control and variables

4. Expected (correct) student response:

Students may identify whether or not the investigation is a fair test, discussing both multiple trials, and control and variables. 

5. Score Guide:

     Points:

    Key Elements:


1

Reasonable explanation regarding whether or not a fair test

1 

Using evidence to support explanation
Dumpster
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Wooden Block
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