SOUTH CAROLINA SUPPORT SYSTEM INSTRUCTIONAL PLANNING GUIDE

	Content Area:  Science
	Science Inquiry Skills-These standards should be addressed during the first few weeks of school and revisited throughout each unit.                                                   Science  8 Grade                            

	Recommended  Days of Instruction:  1
	(one day equals 55 min)

	Standard(s) addressed:  8-5 Physical Science

	The student will demonstrate an understanding of technological design and scientific inquiry, including process skills, mathematical thinking, controlled investigative design and analysis, and problem solving. 

	Force and Motion

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	8-5.5 Analyze the resulting effect of balanced and unbalanced forces on an object’s motion in terms of magnitude and direction.

	SC Science Standards Support Document
https://www.ed.sc.gov/apps/cso/standards/supdocs_k8.cfm
Engineering Interact: Gravity

http://www.engineeringinteract.org/resources/parkworldplot/flash/concepts/gravity.htm
This animation explains gravity in examples on Earth and in space by emphasizing relative masses and balanced/unbalanced forces. Students make predictions then test them; when predictions are not correct, an explanation and redirection are provided.


	See Module 8-5.5

Teaching the Lesson 8-5.5A Force and Motion – “ Drawing Forces”
Teaching the lesson 8-5.5B Force and Motion – “Net Forces”

	From the SC Science Support Document:

The objective of this indicator is to analyze the effects of balanced and unbalanced forces on the magnitude and direction of moving objects; therefore, the primary focus of assessment should be to determine from the factors presented how the balanced or unbalanced forces affect the magnitude and direction of moving objects.  



	Module 8-5.5 Continued

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	8-5.5 Analyze the resulting effect of balanced and unbalanced forces on an object’s motion in terms of magnitude and direction.

	Exploratorium: Skateboard Science

http://www.exploratorium.edu/skateboarding/trick.html
A multi-frame illustrated web-text about the forces of friction and gravity acting on a skateboarder. Photographs show skateboard tricks in freeze-frame action and the text explains the forces involved and the tricks-of-the-trade for accomplishing the feat.

PBS On-line: Building Big Skyscraper Basics

http://www.pbs.org/wgbh/buildingbig/skyscraper/basics.html
Students are provided background information on the structure of skyscrapers, and then are directed to several engineering problems involving skyscrapers. Students must use their knowledge of gravity and balanced and unbalanced forces to determine the correct solution.


	
	However, appropriate assessments should also require students to recognize whether forces acting on an object are balanced or unbalanced; illustrate forces as balanced or unbalanced depending on their magnitude and direction of moving objects; infer the resulting force of two balanced or unbalanced forces acting in opposite directions; use arrows to show balanced and unbalanced forces; or use the correct procedure (add or subtract) to calculate the net force.




	Module 8-5.5 Continued

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	8-5.5 Analyze the resulting effect of balanced and unbalanced forces on an object’s motion in terms of magnitude and direction.

	PBS On-line: Building Big Shapes Lab

http://www.pbs.org/wgbh/buildingbig/lab/shapes.html
An interactive opportunity for students to test the strength and observe the directional forces on

shapes used in architecture. When the shape is tested for strength, students are shown how to

reinforce it, and are directed to do a comparison of increasing mass to determine which structure is the strongest.

Suggested Streamline Videos:
http://etvstreamlinesc.org
The Ups and Downs of Technology- Constant Motion

An explanation of the forces acting on a racing cyclist and a sky diver uses on screen force arrows and speedometer to help students see how motion changes due to the forces of gravity and friction. Includes a description of the how the athletes make adjustments to balance forces in order to maintain constant speed. Segment 4: 6:26


	
	However, appropriate assessments should also require students to recognize whether forces acting on an object are balanced or unbalanced; illustrate forces as balanced or unbalanced depending on their magnitude and direction of moving objects; infer the resulting force of two balanced or unbalanced forces acting in opposite directions; use arrows to show balanced and unbalanced forces; or use the correct procedure (add or subtract) to calculate the net force.



	Module 8-5.5 Continued

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	8-5.5 Analyze the resulting effect of balanced and unbalanced forces on an object’s motion in terms of magnitude and direction.

	Physical Science: Forces and Gravity

Segment 1: Introduction to Forces and Gravity (3:18)

Segment 2: Friction (3:10)

Overview of the laws governing the motion of an object in action packed examples from the world of sports, architecture, and recreation. The segment includes descriptions of balanced and unbalanced forces, gravity, inertia, and friction ending with the technology of space transportation. 0:00-6:28

Basics of Physics: Exploring the Laws of Motion

Segment 2: Newton’s First Law of Motion: Force, Friction, and Inertia (4:40)

Illustrates the concept of inertia through several demonstrations including the tablecloth trick and penny-in-a-cup and explains the relationship of gravity and friction to the inertia and motion of an object. Explanations that accompany the remaining demonstrations in this segment contain anthropomorphism and should be avoided.


	
	However, appropriate assessments should also require students to recognize whether forces acting on an object are balanced or unbalanced; illustrate forces as balanced or unbalanced depending on their magnitude and direction of moving objects; infer the resulting force of two balanced or unbalanced forces acting in opposite directions; use arrows to show balanced and unbalanced forces; or use the correct procedure (add or subtract) to calculate the net force.
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From the South Carolina Science Support Documents: 

Indicator 8-5.5:  Analyze the resulting effect of balanced and unbalanced forces on an object’s motion in terms of magnitude and direction.
Taxonomy level of indicator:

3.1-B   Apply Conceptual Knowledge
Previous/Future Knowledge: 

Students have been introduced to the concept of unbalanced forces and rate and direction of motion in 5th grade (5-5.3). In 6th grade, students measured force in Newton is using a spring scale (6-5.6). Students have not been introduced to the concept of balanced and unbalanced forces in previous grades. The quantitative concepts that affect the magnitude and direction of moving objects will be further developed in high school Physical Science (PS-5.8).

It is essential for students to know that forces have a magnitude (strength) and a direction. Forces can be represented as arrows with the length of the arrow representing the magnitude of the force and the head of the arrow pointing in the direction of the force. Using such arrows, the resulting force (net force) and direction can be determined.

Forces acting on an object can be balanced or unbalanced.
Balanced forces will cause no change in the motion of an object. 

· Balanced forces acting on an object in opposite directions and equal in strength, as shown in the arrows below, do not cause a change in the speed/magnitude or direction of a moving object. 

· Objects that are not moving will not start moving if acted on by balanced forces. 

· For example, in arm wrestling where there is no winner, the force exerted by each person is equal, but they are pushing in opposite directions.  The resulting force (net force) is zero.
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· Or, in a tug of war, if there is no movement in the rope, the two teams are exerting equal, but opposite forces that are balanced.  Again, the resulting force (net force) is zero.
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Unbalanced forces are not equal, and they always cause the motion of an object to change the speed and/or direction that it is moving. 

· When two unbalanced forces are exerted in opposite directions, their combined force is equal to the difference between the two forces. 

· The magnitude and direction of the net force affects the resulting motion.  
· This combined force is exerted in the direction of the larger force. For example, if two students push on opposite sides of a box sitting on the floor, the student on the left pushes with less force (small arrow) on the box than the student on the right side of the box (long arrow).  The resulting action (net force: smaller arrow to the right of the =) shows that the box will change its motion in the direction of the greater force as shown below:  
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· Or, if in a tug of war, one team pulls harder than the other, the resulting action (net force) will be that the rope will change its motion in the direction of the force with the greater strength/magnitude as shown below: 
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· If unbalanced forces are exerted in the same direction, the resulting force (net force) will be the sum of the forces in the direction the forces are applied. 

· For example, if two people pull on an object at the same time in the same direction, the applied force on the object will be the result of their combined forces (net force or longer arrow to the right of the =) as shown below: 


5N  +   10N 
      =
           

15N

· When forces act in the same direction, their forces are added.  When forces act in opposite directions, their forces are subtracted from each other.  

· Unbalanced forces also cause a nonmoving object to change its motion 

If there is no net force acting on the object, the motion does not change.  If there is net force acting on an object, the speed of the object will change in the direction of the net force.  

It is not essential for students to know how to determine net force when the forces act at an angle.  Students do not need to calculate problems with more than two forces acting on an object.
Assessment Guidelines: 

The objective of this indicator is to analyze the effects of balanced and unbalanced forces on the magnitude and direction of moving objects; therefore, the primary focus of assessment should be to determine from the factors presented how the balanced or unbalanced forces affect the magnitude and direction of moving objects. However, appropriate assessments should also require students to recognize whether forces acting on an object are balanced or unbalanced; illustrate forces as balanced or unbalanced depending on their magnitude and direction of moving objects; infer the resulting force of two balanced or unbalanced forces acting in opposite directions; use arrows to show balanced and unbalanced forces; or use the correct procedure (add or subtract) to calculate the net force.
From AAAS Atlas of Science Literacy (Project 2061):

Student Misconceptions:
Students tend to think of force as a property of an object ("an object has force," or "force is within an object") rather than as a relation between objects.  In addition, students tend to distinguish between active objects and objects that support or block or otherwise act passively. Students tend to call the active actions "force" but do not consider passive actions as "forces".  Teaching students to integrate the concept of passive support into the broader concept of force is a challenging task even at the high-school level. 

Students believe constant speed needs some cause to sustain it. In addition, students believe that the amount of motion is proportional to the amount of force; that if a body is not moving, there is no force acting on it; and that if a body is moving there is a force acting on it in the direction of the motion.  Students also believe that objects resist acceleration from the state of rest because of friction -- that is, they confound inertia with friction.  Students tend to hold on to these ideas even after instruction in high-school or college physics.  Specially designed instruction does help high-school students change their ideas. 

Research has shown less success in changing middle-school students' ideas about force and motion.  Nevertheless, some research indicates that middle-school students can start understanding the effect of constant forces to speed up, slow down, or change the direction of motion of an object. This research also suggests it is possible to change middle-school students' belief that a force always acts in the direction of motion.  

Students have difficulty appreciating that all interactions involve equal forces acting in opposite directions on the separate, interacting bodies. Instead they believe that "active" objects (like hands) can exert forces whereas "passive" objects (like tables) cannot.  Alternatively, students may believe that the object with more of some obvious property will exert a greater force.  Teaching high-school students to seek consistent explanations for the "at rest" condition of an object can lead them to appreciate that both "active" and "passive" objects exert forces.  Showing high-school students that apparently rigid or supporting objects actually deform might also lead them to appreciate that both "active" and "passive" objects exert forces.  
Teaching 8-5.5  Lesson A: Force and Motion –“ Drawing Forces”

Instructional Considerations:

This lesson is an example of how a teacher might address the intent of this indicator. This lesson is designed to introduce vector diagrams as a way to visualize balanced and unbalanced forces. This lesson can also be used in conjunction with 8-1.3, 8-1.4, 8-1.6. FOSS - Force and Motion or STC - Energy, Machines, and Motion kits provide an opportunity for conceptual development of the concepts within the standard. 
Prepare the FOCUS questions before you teach the lesson they can be displayed through a projector (LCD, SMART or Promethean Board), written on the board during the engage, activity or copied onto a transparency and used on an overhead. 

Misconceptions:
Students tend to think of force as a property of an object ("an object has force," or "force is within an object") rather than as a relation between objects.  In addition, students tend to distinguish between active objects and objects that support or block or otherwise act passively. Students tend to call the active actions "force" but do not consider passive actions as "forces".  Teaching students to integrate the concept of passive support into the broader concept of force is a challenging task even at the high-school level. 

Safety Note:
Students should observe all lab safety procedures as well as school and district policies. There are no chemical or physical hazards present if proper laboratory behavior is observed. 
Lesson time:

55 minutes

Materials Needed: 
Bathroom Scales  – 2 per group (scales in each group should be the same)
Metric rulers – 1 per student

Markers – 1 per group (NOT RED)
Chart Paper – 1 per group
Rolling Chair – 1 per group (any wheeled object that a person can stand or sit in)

Blindfold – 1 per group

Ring Stand with spring scale & washer attached – At teacher station for Exercise 3
Spring Scale – At teacher station for Exercise 3

The ETV Streamline Video: The Physics of Motion: Forces and Motion: Segment 5:  The Physics of Skydiving (3:09)
Focus Question:
Why do we not keep falling toward the center of the Earth if the Earth’s force of gravity is always acting us?
Engage: (12 minutes)
1. Ask students what they have used in the past to illustrate the size and direction of an object’s change in motion. Students should be able to recall in lesson 8-5.4A that they drew arrows representing the change in the speed and the direction of tennis balls and soccer balls after they applied a force to them.
a. If they don’t recall this, have students open their notebooks to the previous module lesson 8-5.4A diagrams (students without diagrams should look on with other students).

2. Show students a spring scale and ask them what it measures and its units for measurement. Students should be able to recall that it measures force in units of Newtons. 
a. If students can’t recall this, pass the spring scale around. 

3. Show students a bathroom scale and explain that this scale also measures force but in units of pounds (lbs). NOTE: It is not necessary that students know the abbreviation or the conversion of lbs to Newtons.
4. Put the scale on the floor and step onto it asking students what force pulls your body down onto the scale. Students should recall that it is the force of gravity of the Earth. (Be sure that you state it is the force of gravity of the Earth)

5. Go to the board and tell students you are going to draw an arrow representing the force of gravity of the Earth on your body. 

6. Draw a line and write below it “floor” make a dot below that and write “center of the Earth” (leave enough room to draw an upward arrow between the dot and the line). Then draw an arrow above the “floor” line perpendicular to the “floor” line with the tip of the arrow ending at the “floor” line. See example below:


7. Then ask them the focus question, “Why do I not keep falling toward the center of the Earth if the Earth’s force of gravity is acting on me right now?” Answer it rhetorically – Saying something like this: “There must be a force acting against the force of gravity of the Earth. In this case it is the floor of this classroom. The floor pushes back on me with the same force that the force of gravity of the Earth pulls me toward its center.” 
8. Go back to the board and draw another arrow of the same magnitude and perpendicular to the “floor” line and with the tip of the arrow terminating at the “floor” line but between the “center of the Earth” dot and the “floor” line. See below:


Explore: (33 minutes)

1. Group students into groups of 3 or 4.

2. Have students read the procedures for each exercise below and give them time to figure out the tasks and who will complete them.

3. Have each group send one person to get their materials.
“Drawing Forces”

Exercise 1:

a. Everyone in the group should stand on the scale and record their force in their notebook.
b. Once all students in the group have completed this task, the group should decide on a measurement scale to use to draw their force arrows. For example: 
1 cm = 5 lbs of Force so a 20 lbs force arrow would be 4 cm long and point in the direction of the force.
c. Each student should draw their force arrows in their notebooks.
d. Group members should check each other’s work – ask your teacher for assistance if you need it.

e. Once you are all sure your arrows are correct, divide your chart paper into 6 equal parts. See below:

	
	

	
	

	
	


g. In the upper right hand box draw all the force arrows for your group.

Exercise 2:
a. Student A should stand between students B & C.
b. Student B and C should hold their scale on the right and left sides of Student A, respectively making a sandwich of Student A. 
f. Student A will be pushed on both sides by Students A & B. See below:


g. On the count of three Students A & B should push on their scale until it reads 10 lbs (pounds).
h. Observe Student C’s motion and record the observation in your notebook.
i. Use your measurement scale from the first exercise and draw force arrows representing the forces acting on Student C in your notebooks. Don’t forget the force of the Earth’s gravity on Student C (Use the arrows for student C from exercise 1). 
j. Check each other’s work (arrows should all be the same length and point in the same direction) – Then draw a set of the force arrows in the middle right hand box of your chart paper.

Exercise 3:

a. Go to your teacher’s desk when your group is called to complete this exercise.
4. Call groups of students to your desk and have them complete exercise 3.

a. The ring stand should be set up with one spring scale hanging from the arm and a washer attached to the end.

b. Have students read the force of Earth’s gravity on the washer and record it in their notebooks.

c. Ask them what is keeping the washer from falling – student should recognize that the spring scale is keeping the washer from falling – remind them that this is a force that they must draw an arrow for and that it is equal to the downward force but in the opposite direction.

d. Have them draw the force arrows for this.

e. Then attach the other spring scale to the bottom of the washer (Note: This will most likely require the spring scale to be read upside down.)

f. Tell them observe what happens when you pull the washer with more downward force. Pull down on the spring scale several times then ask what happens to the washer? Students should recognize that the washer moves down.

g. Tell students that you pulled down on the washer with 2N of force and have them draw new force arrows for the washer. Ask them how many force arrows they should have (3 – one for gravity, one for spring scale acting against gravity and one for 2N down)
h. Pull the bottom spring scale with 2N of force and have the students read the top scale. Ask them if the washer is moving. Students should say No … Ask them why? If they can’t answer ask them what happened to the force on the top spring scale – students should recognize that the force increased – Explain that the force increased as you pulled the washer down when the force pulling down was equal to the force of the spring scale pulling up the washer stopped moving.
i. Have them draw a third set of force arrows for the washer this time with the two forces acting downward and the new force acting upward. Check their work – they should have the top spring scale’s force pointing down and an equal but opposite force pointing up.
j. Tell each group to draw the three sets of force arrows in the bottom right box of their chart paper  

5. Collect the Charts for the next lesson 8-5.5B.
Explain: (10 minutes)

1. Ask students to watch the ETV Streamline Video: The Physics of Motion: Forces and Motion: Segment 5:  The Physics of Skydiving (3:09) and to record in their notebooks the examples of balanced and unbalanced forces.

a. Write and tell the story of you as the skydiver in vectors see below:
b. In the plane the force of gravity of the Earth is pulling me toward the center of the Earth while the floor of the plane is pushing me up with the same force.

c. When I step out of the plane, the force of gravity of the Earth is pulling me toward the center of the Earth and there is no force pushing up.


d. As the force of gravity pulls me down the force of air friction (resistance) pushes up against me. The faster I go the greater the air friction or resistance force grows.



e. Once the air friction or air resistance force is the same size as the force of gravity then I fall at a constant speed and in the same direction.


f. I pull the parachute and now the force of air friction pushing me up is much greater than the force of gravity pulling me down and I begin to slow down.


g. When I hit the Earth I stop moving because the force of the Earth’s surface pushing up is the same as the force of gravity of the Earth pulling me toward the center of the Earth.

Extend:
Write your own force story using arrows to show the magnitude and direction of forces and net forces acting on the object in your story.
Teaching 8-5.5  Lesson B: Force and Motion –“ Net Forces”
Instructional Considerations:

This lesson is an example of how a teacher might address the intent of this indicator. This lesson is designed to introduce vector diagrams as a way to visualize balanced and unbalanced forces. This lesson can also be used in conjunction with 8-1.3, 8-1.4, 8-1.6. FOSS - Force and Motion or STC - Energy, Machines, and Motion kits provide an opportunity for conceptual development of the concepts within the standard. 
Prepare the FOCUS questions before you teach the lesson they can be displayed through a projector (LCD, SMART or Promethean Board), written on the board during the engage, activity or copied onto a transparency and used on an overhead. 

Misconceptions:
Students tend to think of force as a property of an object ("an object has force," or "force is within an object") rather than as a relation between objects.  In addition, students tend to distinguish between active objects and objects that support or block or otherwise act passively. Students tend to call the active actions "force" but do not consider passive actions as "forces".  Teaching students to integrate the concept of passive support into the broader concept of force is a challenging task even at the high-school level. 

Safety Note:
Students should observe all lab safety procedures as well as school and district policies. There are no chemical or physical hazards present if proper laboratory behavior is observed. 
Lesson time:

55 minutes

Materials Needed: 
Red Markers – one per group
Student Chart Papers from lesson 8-5.5A – one per group
Focus Questions:
How can we determine the net force using force arrows?
What does the net force tell us about an objects motion?
Engage: (13 minutes)

1. Have students retrieve their force arrows from lesson 8-5.5A. Tell the students the arrows are called vectors. (Students do not need to know the term, “vector” and they should not be assessed on it – however, it is good for them to here you use it.) Tell them that they will be adding and subtracting the vectors they drew in the previous lesson to see if there is a net force. Write or project the definition of net force – the resulting force of all forces acting on an object. In other words, if all the forces acting on an object are added and subtracted what remains is the net force.

2. Use your weight examples from the “engage” and “explain” parts of lesson 8-5.5A to demonstrate on the board. 

 See examples below:
A:
120 lbs – 120 lbs = 0
So the net force is zero

B:

150 lbs – 100 lbs = 50lbs

So the net force is 50lbs down

And is represented as: 
3. Use the examples from the support document for more guided practice. Be sure to include addition as well (i.e. forces working in the same direction).
Explore: (20 minutes)

1. Put students back into the groups they were in for lesson 8-5.5A.

2. Have them add or subtract their vectors for each of the exercises in their notebooks.

3. Encourage them to work together.

4. BE SURE to visit groups frequently to ensure they understand how to do this. 

5. Help students as necessary.

Explain: (22 minutes)
1. Pass out their posters from lesson 8-5.5A

2. Have one group volunteer to post their poster on the board.

3. In the upper left hand box of the group’s poster they will draw the net force of their weights (the force of Earth’s gravity) and they will also draw the net force of the floor on them. 
a. Assist them as needed 
i. Add up all their weights and draw the resultant vector down in the upper left box then draw another vector of equal magnitude but opposite in direction.
4. Have all groups complete this.
5. Tell students to notice that the arrows are the same size but are in opposite directions. Explain:

a. Because they are in opposite directions we will subtract them. Show students that when these forces are subtracted they equal zero which means there is no “net force” on you so your motion doesn’t change therefore you don’t fall into the center of the Earth. Ask students why they think forces like these might be called balance forces – Students should be able to deduce that these forces are equal but opposite and so they balance each other out. 

6. Objects that have only balanced forces acting on them don’t change their motion.  

7. Tell students that when forces are balanced that there will be no “net force” and when there is no net force there is no change in motion. Explain:
a. Ask students what happened to the washer when you pulled down on it. Students should remember that it moved down.

b. Tell students that the force of Earth’s gravity was pulling down with the same force that the first spring scale was pulling up. These forces were balanced until I pulled down on the washer with more force. The increase in downward force caused the washer to move but then the spring scale on the top increased its upward force and the washer stopped moving because the force was again balanced. 
c. So when forces are unbalanced objects will change their motion.

8. Let students complete the other two boxes on the left side of their charts and post them around the room when they are finished.
Extend:
Retell your story from lesson 8-5.5A using only net forces.

Standard 8-5:  The student will demonstrate an understanding of the effects of forces on the motion of an object. (Physical Science)





Indicator 8-5.5:  Analyze the resulting effect of balanced and unbalanced forces on an object’s motion in terms of magnitude and direction.





Other indicators addressed: 


 8-1.3 Construct explanations and conclusions from interpretations of data obtained during a controlled scientific investigation.


8-1.6 Use appropriate tools and instruments (including convex lenses, plane mirrors, color filters, prisms, and slinky springs) safely and accurately when conducting a controlled scientific investigation.


8-1.7 Use appropriate safety procedures when conducting investigations. 











A





   B
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