
SOUTH CAROLINA SUPPORT SYSTEM INSTRUCTIONAL PLANNING GUIDE

	Content Area:  
	 Fifth Grade Science

	Recommended Days of Instruction: 2
	(one day equals 45 minutes)

	Standard(s) addressed: 5.5

	The student will demonstrate an understanding of the nature of force and motion.

	Effect of Force and Mass on Motion

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	5-5.6 Explain how a change of force or a change in mass affects the motion of an object.


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

	See Science Module 5-5.6

	From the SC Science Support Document:
The objective of this indicator is to explain how the motion of an object is affected by a change in force or mass of an object; therefore, the primary focus of assessment should be to a construct cause-and-effect model of how these factors affect motion of an object.  However, appropriate assessments should also require students to summarize the effect on motion that a change in force or mass causes; infer from the factors whether they increase or decrease the rate of motion; predict how a given factor will affect the rate of motion; or recognize which factors increase rate of motion and which decrease rate of motion.


Fifth Grade
Science Module 

5-5.6
Effect of Force and Mass on Motion
Lesson A 

From the South Carolina Science Support Documents:
5-5.6  Explain how a change of force or a change in mass affects the motion of an object.

Taxonomy level:  Understand Conceptual Knowledge  (2.7-B)   
Previous/Future knowledge:  In 3rd grade (3-5.3), students explained how the motion of common objects is affected by the strength of a push or pull and the mass of the object.  They have not been introduced to the concept of a change in force or mass affecting the motion of an object in previous grades.  They will further develop these concepts in 8th grade (8-5.4) when students will predict how varying the amount of force or mass will affect the motion of an object.

It is essential for students to know that the motion of an object can be affected by a change in force or a change in mass 

Force


· If there are two objects with the same mass and one is acted on by a greater force than the other, the one acted on by the greater force will have the greatest change in speed.  

· It will speed up the most or slow down the most in a given amount of time. 

Mass


· If there are two objects, one with a greater mass than the other, and the same amount of force is applied to each object, the object with the lesser mass will have the greater change in speed.  
· It will speed up or slow down more in a given amount of time. 
· It is harder to change the speed of the object with the greater mass than the object with the lesser mass.  

It is not essential for students to know that the change of speed of an object is called acceleration.  Students also do not need to know the quantitative relationships among mass, acceleration, and force.  Neither do they need to know the relationship between mass and inertia.  

Assessment Guidelines:  

The objective of this indicator is to explain how the motion of an object is affected by a change in force or mass of an object; therefore, the primary focus of assessment should be to a construct cause-and-effect model of how these factors affect motion of an object.  However, appropriate assessments should also require students to summarize the effect on motion that a change in force or mass causes; infer from the factors whether they increase or decrease the rate of motion; predict how a given factor will affect the rate of motion; or recognize which factors increase rate of motion and which decrease rate of motion.

Teaching Indicator 5-5.6: Lesson A – “Effect of Force and Mass on Motion”
Instructional Considerations:

Although this lesson is about the effect of force and mass on motion, it is also an excellent one to teach, practice and/or reinforce the components of a controlled experiment.  See other indicators addressed.
The first investigations allow students to gain some first hand experiences with the effect of force and mass on motion (the movement of their cars).  In the Extend section, they will be making quantitative measurements of that effect.
This lesson is an example of how a teacher might address the intent of this indicator. STC Motion and Design provide an opportunity for conceptual development of the concepts within the standard.

Preparation for the lesson:

1. Purchase, scrounge, or have students bring in small cars or trucks that can roll freely.  The exact size is not essential but they should be approximately length 4 -6 inches long.  You may have problems attaching masses to smaller cars.  You will need at least one vehicle for each of your groups. 

2. Collect materials needed.
3. Locate a suitable location for rolling cars. Large tables or a hard floor will work.
4. For each group, loop three rubber bands together to make one long rubber band.

5. Students need to work in groups of 3 or 4 for this activity.  For each group there will be three jobs that should be rotated each trial 

a. Launcher (pulls back the car and launches it)

b. Holder (Holds the two ends of the rubber band)

c. Data Collector (measures and ensures that everyone records the correct data on his/her charts)

6. Practice setting up and launching a car so you are comfortable with the procedure before you demonstrate it to the students.  You will need to find a helper to help you practice – someone has to hold the rubber band as you practice launching.
Misconceptions:

None noted
Safety Note(s):


Students need to be reminded that the rubber bands used in these investigations are to only be used as they are instructed.  Using them in any other way may be dangerous.  (i.e. they should not be using them to snap people or launch other objects.)
Lesson time:
1 day (1 day equals 45 minutes)
Materials Needed:
1. Toy Cars (Approximate length 4 -6 inches long)
2. Rulers – one per group
3. Rubber bands (about 3 inches long) – Three per group
4. Meter stick or metric tape measure – one per group
5. Masking tape – Preferably one roll per group but they can share
6. Set of “masses” that you can place on or tape to the cars to vary their mass – one set per group
a. While these “masses” do not have to have exact values such as 25 grams each, they should be uniform enough so that when you add two of them, the car will have twice as much weight on it.  
b. Some options for weights might be: 
i. Medium weight washers (typically 1 – 1 ½ in diameter available at hardware stores)
ii. 2-3 nails (with reasonably blunt ends) 
iii. Standard plastic stacking mass blocks that are at least 20g.
Focus Question(s):
1. How can a change in force affect the motion of an object?

2. How can a change in mass affect the motion of an object?

Engage:
1. This activity is in part a review.  Do not give students hints since no responses and incorrect responses will give you and the students something to build upon.

2. Ask the students to imagine that they are riding a bicycle.  Tell them to number 1-4 in their notebooks.  You are going to give them four questions and they should write a brief answer to each, even if it is only a guess.  Tell the students that they need to do their best (try not to leave any blank) but that you will be going over all of this later with them. 
a. When you start riding, how do you create a force to get the bike moving? (You push the bicycle forward and begin pedaling. Note that the pedal change turning motion into forward motion.)
b. If you want to speed up, what do you do?  (Create more force by pedaling faster). In what direction is the new force in this case? (Although the pedals go around, the net force from the wheels is forward push.)

c. If you want to slow down, what do you do? (You can either pedal slower – apply less force or you can apply the brakes.)  In what direction is the new force in this case? (Pedaling slower will just reduce the forward force of the bicycle.  Applying the hand brakes creates the force of friction against the wheels.  This force is in the opposite direction of the forward force of the bicycle.)

d. Pretend you now have a 50 pound box on the back of you bicycle.  Will it be harder or easier to speed up?  (Harder.  An increase in mass will make it harder to speed up. Will it be harder or easier to slow down?   (Harder. The increase in mass also makes it harder to slow down.) 

3. Discuss their responses.  Reinforce their correct answers. Put off any discussion of missed items until later. If they have trouble with any of the questions, tell them that the class will come back to these same questions later to check your answers.
Explore:

Investigation 1: Changing Speed by Changing Forces

1. Tell the students that they will be rolling the car across the desktop (or on the floor) at a SLOW speed.  

2. Go over the directions for Part 1 of the worksheet attached “Using Forces to Change the Motion of a Toy Car”.

3. They will begin by starting the car rolling slowly. Once they have the car moving ask them to see how many ways they can change the direction or speed of the car while it is moving by touching it with their fingers or a pencil.  The worksheet will provide them will specific challenges. They may be able to provide more than one way to meet the challenge.  Possible Answers: They can speed up the car (pushing it from behind), slow it down (touching it on the opposite side), and stop it (touching it in front). 

4. Ask them to write their observations on the worksheet and put the worksheet in their notebooks.  

Investigation 2: Changing Speed by Changing Mass

1. Repeat the directions for Investigation 1 with one exception - that they will try moving their cars without any masses and then with 4 added masses. You will probably need to tape the masses to the vehicle. (They should be able to feel a slight difference in their ability to speed up, slow down and stop their cars.)

2. They should record their observations on the work sheet Part 2.

Explain:
1. Discuss their observations and results from Investigation 1.  

a. Point out that the changing the force on an object will change its motion.  Some of the particulars are …

i. If the force is in the direction of the motion, it will speed up.

ii. If the force is in the opposite direction from the motion, it will slow down or stop.

iii. If there are two objects with the same mass and one is acted upon by a greater force than the other, the one acted on by the greater force will have the greatest change in speed. 
b. Have them write their conclusions in their notebooks.

2. Discuss their observations and results from Investigation 2.
a. Point out that changing the mass of their vehicle has an effect on its motion.  Some of the particulars are …

i. If there are two objects, one with a greater mass than the other, and the same amount of force is applied to each object, the object with the lesser mass will have the greater change in speed.  
ii. The object with the greater mass will speed up or slow down more in a given amount of time. 
iii. It is harder to change the speed of the object with the greater mass than the object with the lesser mass. 
b. Have them write their conclusions in their notebooks.

Extend:
Investigation 1: Varying the force

1. Talk students through what the procedure for this investigation will be with you demonstrating.

a. Lay the ruler on the floor aiming in the direction you will want the car to roll.  Tape the ruler to the floor.

b. Have one student assist you by holding the ends of the rubber band about 2 centimeters off of the floor, perpendicular to the ruler, over the “0” centimeter mark, and more or less centered on the ruler.  (The rubber band will thus work like a slingshot applying force to the back of the vehicle and launching it in the direction the ruler is pointing.  The measure of force here is how far back you are stretching the rubber band.)  

i. The exact position and height of the ruler may need to be adjusted to best match up with the car the group is using. 

ii. Try to have the ruler as close to the middle of the rubber band as possible without getting in the way of the car wheels.  

iii. The rubber band should be just tight enough to be straight but not pulled tight.  They will need to attempt to have the same initial tension on the rubber band for each trial.
iv. Stress that to make this a fair test (controlled experiment) the set up must be exactly the same for each trial with the exception of the pull back distance.
c. With the wheels of the car lined up with the ruler and the rubber band behind the car, pull the rubber band two centimeters and release.  

d. Measure and record the distance.

i. Ask them what would be a good way to record the data they are going to collect?  (They should eventually suggest a chart with two columns similar to the one below.)
	Force (pull back of rubber band) in Centimeters
	Distance Traveled in Centimeters

	2
	

	4
	

	6
	

	8
	


ii. Put a chart on the board for display and talk about the components of that chart.
iii. Ask them which is the independent or manipulated variable (force) and which is the dependent or responding variable (distance).  Point out that in this investigation, the farther the rubber band is pulled back, the more force you are applying to the car.  
iv. Ask them to write a hypothesis for what they think will be the result.  This should be a statement that predicts the relationship between the two variables.  In this case it might read something like “When the force is increased, the distance the car travels will (increase or decrease).  Reinforce the idea that a hypothesis is always a best guess.  There is no problem in finding out that it was not correct.  Incorrect hypotheses are common in science, even by great scientists.

2. Tell the students to go ahead and conduct their experiments.

a. Suggest that they take one or two trial launches before they begin actual measurement “for real.”

b. Remind them that cooperation in this investigation is essential.  Everyone must participate, everyone must record the data and everyone must take turns doing each of the jobs.

c. Remind them that there is a lot that the class has to do today so they need to work efficiently.  (Give them about 15 minutes for this task.  You can shorten or lengthen the time based on your “read” on how they are doing.

3. Have the students return the materials to a common site.
4. Ask them to look at their data.  Ask if they can see any pattern in that data.

5. Ask them to write a statement that describes the relationship between the amount of force and the distance the car moves.  (The statement will sound very much like a hypothesis but will match their data. A typical statement might be “When the force was increased, the distance the car moved also increased.”  You may want to add the sentence from the standards indicator that says, “Thus, a change in force will change the motion (speed) of a moving object.” 

6. You may want to reinforce what they are learning about graphs by having them graph their data.  If you do that be sure to discuss

a. Where do the dependent and independent variables go on the graph? (DRY MIX  -- the independent or manipulated variable goes on the X axis, the dependent or responding variable goes on the Y axis)
b. How they are to plot the points.

c. What the graph line is telling them.  (This is just another way to look at data to make sense out of it. In this case, as the force as increased, the distance also increased.)

Investigation 2: Varying the Mass

1. Talk students through what the procedure for this investigation with you demonstrating.  You will use the same procedure as in Investigation 1 but this time you will put the same amount of force on the vehicle (6 centimeters pull back) and you will vary the mass on the car. To make this a fair test, everything else must be kept the same.
a. Lay the ruler on the floor aiming in the direction you will want the car to roll.  Tape the ruler to the floor.

b. Have one student assist you by holding the ends of the rubber band about 2 centimeters off of the floor, perpendicular to the ruler, and more or less centered on the ruler and over the “0” Centimeter mark.  (The rubber band will thus work like a slingshot applying force to the back of the vehicle and launching it in the direction the ruler is pointing.  In this investigation you will be using the same force in each trial.)  

i. The exact position and height of the ruler may need to be adjusted to best match up with the car the group is using. 

ii. Try to have the ruler as close to the middle of the rubber band as possible without getting in the way of the car wheels.  

iii. The rubber band should be just tight enough to be straight but not pulled tight.  They will need to attempt to have the same initial tension on the rubber band for each trial.
iv. Stress that to make this a fair test (controlled experiment) the set up must be exactly the same for each trial with the exception of the amount of mass on the vehicle.
c. With the wheels of the car lined up with the ruler and the rubber band behind the cart, pull the rubber band 6 Centimeters and release.  

d. Measure and record the distance.

i. Ask them what would be a good way to record the data they are collecting?  They should suggest a chart with two columns similar to the one used in Investigation 1 below. Note that in this investigation you will begin with just the car (0 added mass). Subsequent trials will add two mass objects to the car (via tape if needed) until you have a total of 8 masses on the car.  If you mass units are too big, just add them one at a time (0,1,2,3,4).

ii. Put a chart on the board for display and talk about the components of that chart.

	Added Mass on the car (name the mass units)
	Distance Traveled in Centimeters

	0
	

	1
	

	2
	

	3
	

	4
	


iii. Ask them which is the independent or manipulated variable (added mass) and which is the dependent or responding variable (distance).  Point out that in this investigation they will be adding more units of mass to the car but keeping the force (pull back) the same on all trials.

iv. Ask them to write a hypothesis for what they think will be the result.  This should be a statement that predicts the relationship between the two variables.  In this case it might read something like “When the mass is increased, the distance the car travels will __________.”  Reinforce the idea that a hypothesis is always a best guess.  There is no problem in finding out that it was not correct.  Incorrect hypotheses are common in science, even by great scientists. (In this case where you have a negative or inverse relationship between the variables, as one increases the other decreases.)
2. Tell the students to go ahead and conduct their investigations.

a. Suggest that they take one or two trial launches before they begin actual measurement “for real.”

b. Remind them that cooperation in this investigation is essential.  Everyone must participate, everyone must record the data and everyone must take turns doing each of the jobs.

c. Remind them that there is a lot that the class has to do today so they need to work efficiently.  (Give them about 15 minutes for this task.  You can shorten or lengthen the time based on your “read” on how they are doing.)

3. Have the students return the materials to a common site.

4. Ask them to look at their data.  Ask if they can see any pattern in that data.

5. Ask them to write a statement that describes the relationship between the amount of mass on the car and the distance the car moves.  The statement will sound very much like a hypothesis but will match their data. A typical statement might be “When the mass was increased, the distance the car moved decreased.”  You may want to add the sentence from the standards indicator that says: “Thus, a change in mass will change the motion (speed) of a moving object.” 

6. Reinforce what they are learning about graphs by having them graph their data on a graph.  If you do that be sure to discuss

a. Where do the dependent and independent variables go on the graph? (DRY MIX  -- the independent or manipulated variable goes on the X axis, the dependent or responding variable goes on the Y axis)
b. How they are to plot the points.

c. What the graph line is telling them.  (This is just another way to look at data to make sense out of it.)

d. Does adding force have the same effect on the motion of the car, as did adding mass?  (No, adding force increases the distance or speed whereas adding mass decreases the distance or speed.)
Investigation 3 – The Bicycle Problem Revisited:
1. Go back over the bicycle problem covered in the Engage section.  
2. Use this activity to reinforce the learning from this lesson.

Using Forces to Change the Motion of a Toy Car
Part 1: Changing Forces

Direction: For each challenge below, start the car moving first and then try to meet the challenge while it is moving. 
	Challenge: Can you make the car
	What is the size and direction of the force you used?
	What happened?

	Go faster?


	
	

	Go slower?


	
	

	Stop?


	
	


Part 2: Changing Masses
Direction: For each challenge below, start the car moving first and meet the challenge by first observing the movement of the car with no added masses and then a second time with four added masses. 
	
	What do you notice about the amount of force you need to apply in each case below?

	Make the car …
	No Masses Added
	Four Masses Added

	Go faster


	
	

	Go slower


	
	

	Stop


	
	


Standard 5-5: The student will demonstrate an understanding of the nature of force and motion.





Indicator 5-5.6:  	Explain how a change of force or a change in mass affects the motion of an object.








Other indicators addressed:  


5-1.3 Plan and conduct controlled scientific investigations, manipulating one variable at a time.


5-1.5 Construct a line graph from recorded data with correct placement of independent (manipulated) and dependent (responding) variables.


5-1.6 Evaluate results of an investigation to formulate a valid conclusion based on evidence and communicate the findings of the evaluation in oral or written form.
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