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Topic Overview
Forces and Interactions

Middle School NGSS Performance Expectations
MS-PS2-1 Apply Newton’s Third Law to design a solution to a problem involving the motion of two colliding objects.*

MS-PS2-2 Plan an investigation to provide evidence that the change in an object’s motion depends on the sum of the forces on 
the object and the mass of the object.

MS-PS2-3 Ask questions about data to determine the factors that affect the strength of electric and magnetic forces.

MS-PS2-4 Construct and present arguments using evidence to support the claim that gravitational interactions are attractive and 
depend on the masses of interacting objects.

MS-PS2-5 Conduct an investigation and evaluate the experimental design to provide evidence that fields exist between objects 
exerting forces on each other even though the objects are not in contact.

* The performance expectations marked with an asterisk integrate traditional science content with engineering practices through a Practice or 
Disciplinary Core Idea.

Item Count MS-PS2-1 MS-PS2-2 MS-PS2-3 MS-PS2-4 MS-PS2-5 Total

ER (extended-response – 3 points) 0 3 1 4 1 9

CR (constructed-response – 2 points) 4 2 0 1 0 7

MC (multiple-choice – 1 point) 1 1 2 1 1 6

TOTAL 5 6 3 6 2 22

Student Learning Targets
MS-PS2-1 �� I can use the idea that for every action there is an equal and opposite reaction to solve a problem where two moving 

objects collide. 

MS-PS2-2 �� I can plan an investigation to provide evidence that a change in an object’s motion depends on the mass of the object and 
all the forces acting on the object. 

MS-PS2-3 �� I can figure out which factors affect the strength of electric and magnetic forces by asking questions about data. 

MS-PS2-4 �� I can use evidence to support the claim that gravitational interactions between objects are forces that attract each other 
and depend on the masses of those objects. 

MS-PS2-5

�� I can investigate to provide evidence that electric and magnetic fields exist between objects even if the objects are not 
touching. 
�� I can evaluate the design of an investigation that provides evidence that electric and magnetic fields exist between objects 

even if the objects are not touching.

Middle School
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Forces and Interactions
As outlined in the Performance Expectations (PE) of the NGSS, the three dimensions are the disciplinary core ideas (DCI), science and 
engineering practices (SEP), and crosscutting concepts (CCC). Note that due to the complexity of the PEs, individual assessment items 
may not address all three dimensions.
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122909A CR 2 MS-PS2-1 x x x

122973A CR 2 MS-PS2-1 x x x

180209A CR 2 MS-PS2-1 x x x

180215A CR 2 MS-PS2-1 x x x x

122727A MC 2 MS-PS2-1 x x x

183809A ER 3 MS-PS2-2 x x x

183856A ER 2 MS-PS2-2 x x x

183857A ER 3 MS-PS2-2 x x x

137040A CR 2 MS-PS2-2 x x x

137306A CR 2 MS-PS2-2 x x x

136599A MC 2 MS-PS2-2 x x x

183858A ER 2 MS-PS2-3 x x x

122745A MC 2 MS-PS2-3 x x x

137144A MC 2 MS-PS2-3 x x x

183813A ER 2 MS-PS2-4 x x x

183820A ER 2 MS-PS2-4 x x x

183828A ER 2 MS-PS2-4 x x x

183844A ER 3 MS-PS2-4 x x x

122975A CR 2 MS-PS2-4 x x x

122747A MC 3 MS-PS2-4 x x x

184144A ER 2 MS-PS2-5 x x x

184181A MC 2 MS-PS2-5 x x x

Item Index
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NGSS ALIGNMENT 
PERFORMANCE EXPECTATION: MS-PS2-1: Apply Newton’s Third Law to design a solution to a problem involving the motion of two 
colliding objects.
DOK: 2 ID: 122909A

122909A Short Answer 2 In Development

An engineer determines the safety of a car design by conducting a collision test. During a collision test, 
a car is crashed into a solid wall. Then the engineer measures the force of the collision on the car and 
compares that to the damage done to the car.

Compare the force of the collision on the wall with the force of the collision on the car. Use Newton’s third law 
of motion to support your answer.

Constructed-Response Rubric

PE: MS-PS2-1: Apply Newton’s Third Law to design a solution to a problem involving the motion of two colliding objects.

Level of 
Understanding Evidence of Understanding

2
Demonstrating 
Expected 
Understanding

Student response provides clear evidence of using the dimensions* to make sense of scientific 
phenomena and/or to design solutions to problems. Student is able to:
�� compare the force of a collision on a wall with the force of the collision on the car;

AND
�� use Newton’s third law to support the explanation.

1
Progressing 
toward 
Understanding

Student response provides partial evidence of using the dimensions* to make sense of scientific 
phenomena and/or to design solutions to problems. The response lacks some critical information 
and details or contains some errors. Student is able to:
�� compare the force of a collision on a wall with the force of the collision on the car BUT the use 

of Newton’s third law to support the explanation is incorrect or not provided.

0 Not Showing 
Understanding

Student does not respond or student response is inaccurate, irrelevant, or contains insufficient 
evidence of using the dimensions* to make sense of scientific phenomena and/or to design solutions 
to problems.

* As outlined in the Performance Expectations (PE) of the NGSS, the three dimensions are the disciplinary core ideas (DCI), science and engineering practices 
(SEP), and crosscutting concepts (CCC). Note that due to the complexity of the PEs, individual assessment items may not address all three dimensions.

Scoring Notes:
Possible answers include:
The force of the collision on the wall is equal to the force of the collision on the car. Newton’s third law of motion states that for 
every force, there is an equal and opposite reactive force.

Scoring Guide
Forces and Interactions
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MS–Forces and Interactions 
Scoring Guide

NGSS ALIGNMENT 
PERFORMANCE EXPECTATION: MS-PS2-1: Apply Newton’s Third Law to design a solution to a problem involving the motion of two 
colliding objects.
DOK: 2 ID: 122973A

122973A Short Answer 2 In Development

A customer enters a grocery store with an empty shopping cart that has a mass of 20 kg. Another customer is 
leaving the store with a shopping cart full of groceries that has a mass of 40 kg. The two customers accidentally 
bump their carts together.

Eve observes the accident. She hypothesizes that the cart full of groceries applied more force to the empty cart 
than the empty cart applied to the full cart.

Explain whether you agree or disagree with Eve’s hypothesis. Use Newton’s third law of motion to support your 
answer.

Constructed-Response Rubric

PE: MS-PS2-1: Apply Newton’s Third Law to design a solution to a problem involving the motion of two colliding objects.

Level of 
Understanding Evidence of Understanding

2
Demonstrating 
Expected 
Understanding

Student response provides clear evidence of using the dimensions* to make sense of scientific 
phenomena and/or to design solutions to problems. Student is able to:
�� explain agreement or disagreement with Eve’s hypothesis and use Newton’s third law of motion to 

support the explanation.

1
Progressing 
toward 
Understanding

Student response provides partial evidence of using the dimensions* to make sense of scientific 
phenomena and/or to design solutions to problems. The response lacks some critical information 
and details or contains some errors. Student is able to:
�� explain agreement or disagreement with Eve’s hypothesis BUT the support of the explanation, 

using Newton’s third law, contains errors or is not provided. 

0 Not Showing 
Understanding

Student does not respond or student response is inaccurate, irrelevant, or contains insufficient 
evidence of using the dimensions* to make sense of scientific phenomena and/or to design solutions 
to problems.

* As outlined in the Performance Expectations (PE) of the NGSS, the three dimensions are the disciplinary core ideas (DCI), science and engineering practices 
(SEP), and crosscutting concepts (CCC). Note that due to the complexity of the PEs, individual assessment items may not address all three dimensions.

Scoring Notes:
Possible answers include:
Eve’s hypothesis is not supported by Newton’s third law of motion. Newton’s third law states that for any pair of interacting 
objects, the force exerted by the first object on the second object is equal in strength and opposite in direction to the force of 
the second object on the first object. This means that regardless of the masses of the shopping carts, the forces they exert on 
each other are equal in strength.
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Scoring Guide

NGSS ALIGNMENT 
PERFORMANCE EXPECTATION: MS-PS2-1: Apply Newton’s Third Law to design a solution to a problem involving the motion of two 
colliding objects.
DOK: 2 ID: 180209A

180209A Short Answer 2 In Development

Jennifer and her father drive bumper cars at an amusement park and have a collision, as shown in the picture.

Jennifer thinks that the force on her bumper car from the collision is greater than the force on her father’s 
bumper car, because her father weighs a lot more than she does.

Explain why Jennifer’s thinking is not supported by Newton’s third law of motion.

Constructed-Response Rubric

PE: MS-PS2-1: Apply Newton’s Third Law to design a solution to a problem involving the motion of two colliding objects.

Level of 
Understanding Evidence of Understanding

2
Demonstrating 
Expected 
Understanding

Student response provides clear evidence of using the dimensions* to make sense of scientific 
phenomena and/or to design solutions to problems. Student is able to:
�� explain why Newton’s third law of motion does not support Jennifer’s thinking.

1
Progressing 
toward 
Understanding

Student response provides partial evidence of using the dimensions* to make sense of scientific 
phenomena and/or to design solutions to problems. The response lacks some critical information 
and details or contains some errors. Student is able to:
�� explain why Newton’s third law of motion does not support Jennifer’s thinking BUT the 

explanation is incomplete or contains errors.

0 Not Showing 
Understanding

Student does not respond or student response is inaccurate, irrelevant, or contains insufficient 
evidence of using the dimensions* to make sense of scientific phenomena and/or to design solutions 
to problems.

* As outlined in the Performance Expectations (PE) of the NGSS, the three dimensions are the disciplinary core ideas (DCI), science and engineering practices 
(SEP), and crosscutting concepts (CCC). Note that due to the complexity of the PEs, individual assessment items may not address all three dimensions.

Scoring Notes:
Possible answers include:
According to Newton’s third law of motion, the forces are equal and opposite in direction when two objects collide. Therefore, 
the amount of force on each bumper car is the same, because the amount of force is independent of masses of the bumper cars.
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MS–Forces and Interactions 
Scoring Guide

NGSS ALIGNMENT 
PERFORMANCE EXPECTATION: MS-PS2-1: Apply Newton’s Third Law to design a solution to a problem involving the motion of two 
colliding objects.
DOK: 2 ID: 180215A

180215A Short Answer 2 In Development

Amed watched a video of someone using a jetpack rocket at a lake. Water is pumped out of the lake into 
the jetpack, and then the water is fired out of the jetpack, as shown in the picture. The rider is lifted out of 
the water and can move around over the lake.

Jetpack

Explain how the height of the rider above the water could be increased. Support your explanation using 
Newton’s third law of motion.

Constructed-Response Rubric

PE: MS-PS2-1: Apply Newton’s Third Law to design a solution to a problem involving the motion of two colliding objects.

Level of 
Understanding Evidence of Understanding

2
Demonstrating 
Expected 
Understanding

Student response provides clear evidence of using the dimensions* to make sense of scientific 
phenomena and/or to design solutions to problems. Student is able to:
�� explain how the height of the rider above the water could be increased;

AND
�� support the explanation using Newton’s third law of motion.

1
Progressing 
toward 
Understanding

Student response provides partial evidence of using the dimensions* to make sense of scientific 
phenomena and/or to design solutions to problems. The response lacks some critical information 
and details or contains some errors. Student is able to:
�� explain how the height of the rider above the water could be increased BUT the support of the 

explanation, using Newton’s third law, contains errors or is not provided.

0 Not Showing 
Understanding

Student does not respond or student response is inaccurate, irrelevant, or contains insufficient 
evidence of using the dimensions* to make sense of scientific phenomena and/or to design solutions 
to problems.

* As outlined in the Performance Expectations (PE) of the NGSS, the three dimensions are the disciplinary core ideas (DCI), science and engineering practices 
(SEP), and crosscutting concepts (CCC). Note that due to the complexity of the PEs, individual assessment items may not address all three dimensions.

Scoring Notes:
Possible answers include:
The rider could be lifted higher above the water by increasing the force of the water fired out of the jetpack. This force is equal 
in strength to the reactive force in the opposite direction. The reactive force lifts the rider out of the water. Newton’s law of 
motion states that for every force there is an equal and opposite reactive force.



©2015 Measured Progress. All rights reserved. | Web: measuredprogress.org

B5

NGSS.Sci.2015.Set5.Forces&Interactions
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Scoring Guide

NGSS ALIGNMENT 
PERFORMANCE EXPECTATION: MS-PS2-1: Apply Newton’s Third Law to design a solution to a problem involving the motion of two 
colliding objects.
DOK: 2 ID: 122727A

122727A Multiple Choice C In Development

Students are investigating two steel spheres with the same diameter. One sphere is solid and the other is 
hollow. The students hypothesize that the solid sphere is less likely to dent during a collision than the 
hollow sphere. Both spheres must experience the exact same amount of force during the collision so that 
the investigation is valid.

Which investigation makes both spheres experience the exact same amount of force during a collision?

A	The spheres are dropped to the floor by the same person.

B	The spheres are thrown against a wall by the same person.

C	The spheres are rolled toward each other and collide with each other.

D	The spheres are rolled toward the same wall and collide with the wall.

Distractor Rationales

A. The same person dropping the balls would not provide the same amount of force unless the height of the drop and the mass 
of the balls were the same (F = ma).

B. If the same person does not consistently throw with the same amount of force, the amount of force exerted during the 
collision will not be the same.

C. Key. According to Newton’s third law, the two spheres will exert forces equal in strength during the collision.

D. If the spheres are not rolled with the same amount of force, then the amount of force exerted during the collision will not be 
the same.
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MS–Forces and Interactions 
Scoring Guide

See the rubric and scoring notes on the next page.

NGSS ALIGNMENT 
PERFORMANCE EXPECTATION: MS-PS2-2: Plan an investigation to provide evidence that the change in an object’s motion depends on 
the sum of the forces on the object and the mass of the object.
DOK: 3 ID: 183809A

183809A Extended Response (3 points) In Development

Caleb is investigating the effect of friction on the motion of an object. He uses the following supplies for the 
investigation:

• a wooden block

• three ramps, each ramp is the same height and length but has a different surface (smooth wood, carpet, 
rough sandpaper)

• a stopwatch

Caleb tests his hypothesis that the smooth wood ramp surface causes less friction than the carpet and that the 
carpet causes less friction than the rough sandpaper.

a. Describe a procedure using these supplies that Caleb may follow to test his hypothesis.

b. Explain the most likely reason Caleb uses the same wooden block for each test.

c. Identify the independent and dependent variables for this investigation.
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Scoring Guide

Extended-Response Rubric

PE: MS-PS2-2: Plan an investigation to provide evidence that the change in an object’s motion depends on the sum of the forces 
on the object and the mass of the object.

Level of 
Understanding Evidence of Understanding

3
Demonstrating 
Expected 
Understanding

Student response provides clear evidence of using the dimensions* to make sense of scientific 
phenomena and/or to design solutions to problems. Student is able to:
�� describe a procedure using the supplies that Caleb may follow to test his hypothesis;

AND
�� explain the most likely reason the same wooden block is used for each test;

AND
�� identify the independent and dependent variables for this investigation.

2
Progressing 
toward 
Understanding

Student response provides partial evidence of using the dimensions* to make sense of scientific 
phenomena and/or to design solutions to problems. The response lacks some critical information 
and details or contains some errors. Student is able to:
�� describe a procedure using the supplies that Caleb may follow to test his hypothesis AND identify 

the independent and dependent variables for the investigation BUT the explanation for why the 
same wooden block is used for each test contains errors or is not provided. 

1
Beginning 
to Develop 
Understanding

Student response is incomplete or provides minimal evidence of using the dimensions* to make 
sense of scientific phenomena and/or to design solutions to problems.

0 Not Showing 
Understanding

Student does not respond or student response is inaccurate, irrelevant, or contains insufficient 
evidence of using the dimensions* to make sense of scientific phenomena and/or to design solutions 
to problems.

* As outlined in the Performance Expectations (PE) of the NGSS, the three dimensions are the disciplinary core ideas (DCI), science and engineering practices 
(SEP), and crosscutting concepts (CCC). Note that due to the complexity of the PEs, individual assessment items may not address all three dimensions.

Scoring Notes:
Possible answers include:

a. Procedure:

1. Place the wooden block at the top of one of the ramps.
2. Release the block and start the stopwatch at the same time.
3. Stop the stopwatch when the block reaches the bottom of the ramp.
4. Record the time needed for the block to slide down the ramp.
5. Repeat three times, measuring and recording the time needed for the block to slide down the ramp each time.
6. Find the average time needed for the block to slide down the ramp.
7. Follow the same steps using the other two ramps.

b.  Because his hypothesis was about different amounts of force acting on the object, not the mass of the object, Caleb kept the 
mass of the object constant.

c.  The independent variable is the type of surface of the ramp. The dependent variable is the time needed for the block to slide 
down the ramp.
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Scoring Guide

See the rubric and scoring notes on the next page.

NGSS ALIGNMENT 
PERFORMANCE EXPECTATION: MS-PS2-2: Plan an investigation to provide evidence that the change in an object’s motion depends on 
the sum of the forces on the object and the mass of the object.
DOK: 2 ID: 183856A

183856A Extended Response (3 points) In Development

Molly is investigating the change in motion of an object. She kicks a soccer ball that is sitting on a soccer 
field three times. Molly changes the force of her kick each time and uses a device to measure the force. 
The data she collected are shown in the table.

Force of Kick
(N)

Distance Traveled
(m)

150

200

270

31

39

47

a. Identify the independent and dependent variables of the investigation.

b. Describe two forces acting on the soccer ball when Molly kicks it.

c. Make a claim about the change in motion of an object that can be supported by evidence from the 
investigation and Newton’s laws of motion. Explain your reasoning.
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Scoring Guide

Extended-Response Rubric

PE: MS-PS2-2: Plan an investigation to provide evidence that the change in an object’s motion depends on the sum of the forces 
on the object and the mass of the object.

Level of 
Understanding Evidence of Understanding

3
Demonstrating 
Expected 
Understanding

Student response provides clear evidence of using the dimensions* to make sense of scientific 
phenomena and/or to design solutions to problems. Student is able to:
�� identify the independent and dependent variables of the investigation;

AND
�� describe two forces acting on the soccer ball when Molly kicks it;

AND
�� make a claim about the change in motion of an object that can be supported by evidence from 

the investigation and Newton’s laws of motion and explain the reasoning for the claim.

2
Progressing 
toward 
Understanding

Student response provides partial evidence of using the dimensions* to make sense of scientific 
phenomena and/or to design solutions to problems. The response lacks some critical information 
and details or contains some errors. Student is able to:
�� identify the independent and dependent variables of the investigation;

AND
�� describe two forces acting on the soccer ball when Molly kicks it;

AND
�� make a claim about the change in motion of an object that can be supported by evidence from 

the investigation and Newton’s laws of motion BUT the explanation of reasoning is incorrect or 
not provided.
OR
�� make a claim about the change in motion of an object that can be supported by evidence from 

the investigation and Newton’s laws of motion and explain the reasoning for the claim BUT the 
identification of variables and/or the description of forces contains errors.

1
Beginning 
to Develop 
Understanding

Student response is incomplete or provides minimal evidence of using the dimensions* to make 
sense of scientific phenomena and/or to design solutions to problems.

0 Not Showing 
Understanding

Student does not respond or student response is inaccurate, irrelevant, or contains insufficient 
evidence of using the dimensions* to make sense of scientific phenomena and/or to design solutions 
to problems.

* As outlined in the Performance Expectations (PE) of the NGSS, the three dimensions are the disciplinary core ideas (DCI), science and engineering practices 
(SEP), and crosscutting concepts (CCC). Note that due to the complexity of the PEs, individual assessment items may not address all three dimensions.

Scoring Notes:
Possible answers include:
a. The independent variable is the force of the kick on the ball. The dependent variable is the distance the ball travels.

b. The forces on the ball may include two of the following:

�� the force of the kick on the ball
�� the force of gravity on the ball
�� the force of friction on the ball from the grass
�� the force of friction [drag] on the ball from the air

c.  The greater the force on an object the farther the object moves. The data in the table show that at a force of 150 N the ball 
traveled 31 meters, but at a greater force of 270 N the ball traveled 47 meters, which is farther. Newton’s law states that the 
motion of an object depends on the forces on the object.
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MS–Forces and Interactions 
Scoring Guide

See the rubric and scoring notes on the next page.

NGSS ALIGNMENT 
PERFORMANCE EXPECTATION: MS-PS2-2: Plan an investigation to provide evidence that the change in an object’s motion depends on 
the sum of the forces on the object and the mass of the object.
DOK: 3 ID: 183857A

183857A Extended Response (3 points) In Development

A group of students is investigating how a force applied to an object affects the motion of that object. The 
diagram shows the setup for the investigation. To create a force, the students add a weight to the weight 
holder and observe whether the cart moves. The students repeat this step five times, using a different 
amount of weight each time.

Cart

Pulley

String

Weight
holder

Force

a. Identify the independent and dependent variables of this investigation.

b. Describe two forces acting on the cart. Include the direction of the force in your description.

c. Make a claim about the forces on the cart when the cart does not move. Support your claim using 
Newton’s laws of motion.
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Scoring Guide

Extended-Response Rubric

PE: MS-PS2-2: Plan an investigation to provide evidence that the change in an object’s motion depends on the sum of the forces 
on the object and the mass of the object.

Level of 
Understanding Evidence of Understanding

3
Demonstrating 
Expected 
Understanding

Student response provides clear evidence of using the dimensions* to make sense of scientific 
phenomena and/or to design solutions to problems. Student is able to:
�� identify the independent and dependent variables of this investigation;

AND
�� describe two forces acting on the cart, including the direction of each force;

AND
�� make a claim about the forces on the cart when the cart does not move;

AND
�� support the claim using Newton’s laws of motion.

2
Progressing 
toward 
Understanding

Student response provides partial evidence of using the dimensions* to make sense of scientific 
phenomena and/or to design solutions to problems. The response lacks some critical information 
and details or contains some errors. Student is able to:
�� identify the independent and dependent variables of this investigation;

AND
�� describe two forces on the cart BUT the direction of one or both forces is incorrect;

AND
�� make a claim about the forces on the cart when the cart does not move BUT the support for the 

claim using Newton’s laws of motion contains errors or is not provided.

1
Beginning 
to Develop 
Understanding

Student response is incomplete or provides minimal evidence of using the dimensions* to make 
sense of scientific phenomena and/or to design solutions to problems.

0 Not Showing 
Understanding

Student does not respond or student response is inaccurate, irrelevant, or contains insufficient 
evidence of using the dimensions* to make sense of scientific phenomena and/or to design solutions 
to problems.

* As outlined in the Performance Expectations (PE) of the NGSS, the three dimensions are the disciplinary core ideas (DCI), science and engineering practices 
(SEP), and crosscutting concepts (CCC). Note that due to the complexity of the PEs, individual assessment items may not address all three dimensions.

Scoring Notes:
Possible answers include:
a. The independent variable is the weight added to the weight holder. The dependent variable is whether or not the cart moves.

b. Forces on the cart may include two of the following:

�� force of gravity pulling down on the cart
�� force of the weight pulling the cart to the right
�� force of friction [drag] between the cart and the table pushing the cart to the left
�� force of friction [drag] between the cart and air pushing the cart to the left

c.  When the cart does not move, the force of the weight pulling on the cart is less than the force of gravity on the cart. The 
change in motion of an object depends on the sum of the forces acting on the object.
OR
When the cart does not move, the force of the weight pulling on the cart is less than the force of friction on the cart. The 
change in motion of an object depends on the sum of the forces acting on the object.
OR
When the cart does not move, the force of the weight pulling the cart to the right is less than the sum of the forces pulling on 
the cart in other directions. The change in motion of an object depends on the sum of the forces acting on the object.
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Scoring Guide

NGSS ALIGNMENT 
PERFORMANCE EXPECTATION: MS-PS2-2: Plan an investigation to provide evidence that the change in an object’s motion depends on 
the sum of the forces on the object and the mass of the object.
DOK: 2 ID: 137040A

137040A Short Answer 2 In Development

Two students are investigating the effect of forces on the motion of an object. The two students each push 
on a box, as shown in the picture.

Student A Student B

Even though the students are pushing the box very hard, the box does not move.

Describe one way the students could make the box move. Explain why this would move the box.

Constructed-Response Rubric

PE: MS-PS2-2: Plan an investigation to provide evidence that the change in an object’s motion depends on the sum of the forces 
on the object and the mass of the object.

Level of 
Understanding Evidence of Understanding

2
Demonstrating 
Expected 
Understanding

Student response provides clear evidence of using the dimensions* to make sense of scientific 
phenomena and/or to design solutions to problems. Student is able to:
�� describe one way the students could make the box move;

AND
�� explain why this would move the box.

1
Progressing 
toward 
Understanding

Student response provides partial evidence of using the dimensions* to make sense of scientific 
phenomena and/or to design solutions to problems. The response lacks some critical information 
and details or contains some errors. Student is able to:
�� describe one way the students could make the box move BUT the explanation for why this would 

move the box contains errors or is not provided. 

0 Not Showing 
Understanding

Student does not respond or student response is inaccurate, irrelevant, or contains insufficient 
evidence of using the dimensions* to make sense of scientific phenomena and/or to design solutions 
to problems.

* As outlined in the Performance Expectations (PE) of the NGSS, the three dimensions are the disciplinary core ideas (DCI), science and engineering practices 
(SEP), and crosscutting concepts (CCC). Note that due to the complexity of the PEs, individual assessment items may not address all three dimensions.

Scoring Notes:
Possible answers include:
One student could push on the box with less force than the other student. This way the forces are not balanced and the box will 
likely move in the direction of the push that has more force.
OR
Another student could help push the box from either side. This way the forces are not balanced and the box will likely move in 
the direction of the push that has more force.
OR
Both students could push the box from the same side. This way the forces are not balanced and the box will likely move in the 
direction of the push.
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Scoring Guide

NGSS ALIGNMENT 
PERFORMANCE EXPECTATION: MS-PS2-2: Plan an investigation to provide evidence that the change in an object’s motion depends on 
the sum of the forces on the object and the mass of the object.
DOK: 2 ID: 137306A

137306A Short Answer 2 In Development

An educational-supply company developed a model rocket to sell to school 
districts. Science teachers use the rocket to help students investigate motion. 
The rocket has a cargo area designed to hold water. Water can be added to or 
removed from the cargo area.

When launched with an empty cargo area, the rocket is designed to reach a 
maximum vertical height of 10 meters. A school district wants to buy rockets 
that can reach only 7 meters in vertical height. The company cannot change 
the force applied by the rocket’s engine or the shape of the rocket.

Describe how the company could investigate a solution to this problem. Explain 
why the investigation is reasonable based on Newton’s laws of motion.

Constructed-Response Rubric

PE: MS-PS2-2: Plan an investigation to provide evidence that the change in an object’s motion depends on the sum of the forces 
on the object and the mass of the object.

Level of 
Understanding Evidence of Understanding

2
Demonstrating 
Expected 
Understanding

Student response provides clear evidence of using the dimensions* to make sense of scientific 
phenomena and/or to design solutions to problems. Student is able to:
�� describe how the company could investigate a solution to this problem;

AND
�� explain why the investigation is reasonable based on Newton’s laws of motion.

1
Progressing 
toward 
Understanding

Student response provides partial evidence of using the dimensions* to make sense of scientific 
phenomena and/or to design solutions to problems. The response lacks some critical information 
and details or contains some errors. Student is able to:
�� describe how the company could investigate a solution to this problem BUT an explanation for 

why the investigation is reasonable based on Newton’s laws of motion contains errors or is not 
provided. 

0 Not Showing 
Understanding

Student does not respond or student response is inaccurate, irrelevant, or contains insufficient 
evidence of using the dimensions* to make sense of scientific phenomena and/or to design solutions 
to problems.

* As outlined in the Performance Expectations (PE) of the NGSS, the three dimensions are the disciplinary core ideas (DCI), science and engineering practices 
(SEP), and crosscutting concepts (CCC). Note that due to the complexity of the PEs, individual assessment items may not address all three dimensions.

Scoring Notes:
Possible answers include:
The company could put increasing amounts of mass in the cargo area and launch the rocket. They could determine which mass 
lowers the maximum vertical height after launch to 7 meters. They should repeat the procedure several times to make sure a 
7-meter height is not exceeded. That amount of weight can be added permanently to the cargo hold of the rocket. According to 
Newton’s laws of motion, when the same force is applied to an object with more mass, the smaller the change in motion of the 
object.

Nose
cone

Cargo
area

Fins

Model Rocket
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Scoring Guide

NGSS ALIGNMENT 
PERFORMANCE EXPECTATION: MS-PS2-2: Plan an investigation to provide evidence that the change in an object’s motion depends on 
the sum of the forces on the object and the mass of the object.
DOK: 2 ID: 136599A

136599A Multiple Choice B In Development

A student performs an investigation to study Newton’s second law:

force = mass × acceleration.

Two marbles of different masses are released at the top of a ramp and roll down the ramp. The student measures 
the distance each marble travels. The procedure is repeated three times and the average distance traveled by each 
marble is calculated. The summarized data are shown in the table.

Mass of
Marble

(g)

Height of
Ramp
(cm)

Average Distance
Traveled

(cm)

3

5

10

10

53.3

86.3

Which of the following is the independent variable in the investigation?

A	ramp height

B	marble mass

C	number of tests

D	distance traveled by marble

Distractor Rationales

A. The ramp height is the same for both tests, which means that it is not a variable for this investigation.

B. Key. The mass of the marble is not affected by the marble’s distance traveled and is therefore the independent variable.

C. The number of tests does not affect the force or acceleration of the marble.

D. The distance traveled by the marble is affected by the marble’s mass and is therefore the dependent variable for the 
investigation.
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See the rubric and scoring notes on the next page.

NGSS ALIGNMENT 
PERFORMANCE EXPECTATION: MS-PS2-3: Ask questions about data to determine the factors that affect the strength of electric and 
magnetic forces.
DOK: 2 ID: 183858A

183858A Extended Response (3 points) In Development

Six students each make an electromagnet for an investigation. Each student wraps copper wire around a 
nail and attaches each end of the wire to a 9-volt battery. The students use their electromagnets to pick up 
paper clips. The table shows the number of paper clips each student picks up with their electromagnet.

Number of
Paper Clips
Picked Up

Student

1

2

3

4

5

6

5

12

28

17

7

25

Electromagnet 
Investigation

a. Write one question about how the electromagnets were made that the students could answer that would 
help explain the differences in the numbers of paper clips picked up by the electromagnets. Explain your 
reasoning.

b. Identify one factor, other than how the electromagnets were made, that would affect the number of paper 
clips picked up by the electromagnet. Explain your reasoning.
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Extended-Response Rubric

PE: MS-PS2-3: Ask questions about data to determine the factors that affect the strength of electric and magnetic forces.

Level of 
Understanding Evidence of Understanding

3
Demonstrating 
Expected 
Understanding

Student response provides clear evidence of using the dimensions* to make sense of scientific 
phenomena and/or to design solutions to problems. Student is able to:
�� write one question about how the electromagnets were made that the students could answer that 

would help explain the differences in the numbers of paper clips picked up by the electromagnets 
and explain the reasoning;
AND
�� identify one factor, other than how the electromagnets were made, that would affect the number 

of paper clips picked up by the electromagnet and explain the reasoning.

2
Progressing 
toward 
Understanding

Student response provides partial evidence of using the dimensions* to make sense of scientific 
phenomena and/or to design solutions to problems. The response lacks some critical information 
and details or contains some errors. Student is able to:
�� write one question about how the electromagnets were made that the students could answer that 

would help explain the differences in the numbers of paper clips picked up by the electromagnets 
and explain the reasoning;
OR
�� identify one factor, other than how the electromagnets were made, that would affect the number 

of paper clips picked up by the electromagnet and explain the reasoning.

1
Beginning 
to Develop 
Understanding

Student response is incomplete or provides minimal evidence of using the dimensions* to make 
sense of scientific phenomena and/or to design solutions to problems.

0 Not Showing 
Understanding

Student does not respond or student response is inaccurate, irrelevant, or contains insufficient 
evidence of using the dimensions* to make sense of scientific phenomena and/or to design solutions 
to problems.

* As outlined in the Performance Expectations (PE) of the NGSS, the three dimensions are the disciplinary core ideas (DCI), science and engineering practices 
(SEP), and crosscutting concepts (CCC). Note that due to the complexity of the PEs, individual assessment items may not address all three dimensions.

Scoring Notes:
Possible answers include:
a.  How many turns of wire were used to make the electromagnet? Electromagnets with more turns of wire have stronger 

magnetic fields.
b.  The distance the paper clip is from the electromagnet is a factor that would affect the ability of the electromagnet to pick up 

the paper clip, because the magnetic field of the electromagnet weakens the farther it is from the object to be picked up. The 
investigation did not specify whether the same distance between the electromagnet and paper clip was used by all students.
OR
The size of the paper clip is a factor that would affect the ability of the electromagnet to pick up the paper clip, because the 
greater the mass of the paper clip, the greater the amount of attractive force needed to pick it up. The investigation did not 
specify that one size of paper clip was used by all students.
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NGSS ALIGNMENT 
PERFORMANCE EXPECTATION: MS-PS2-3: Ask questions about data to determine the factors that affect the strength of electric and 
magnetic forces.
DOK: 2 ID: 122745A

122745A Multiple Choice C In Development

During an investigation, a teacher places a small permanent magnet with a hole in it onto a wooden rod. 
The magnet can slide freely up and down the rod. When the teacher places the magnet and rod on a 
tabletop above an electromagnet, the magnet slides up the rod as shown in the diagram.

Magnet

+

–

+

–

+

–

+

–

Battery Electromagnet
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A student measures how far the magnet slides up the rod each time the teacher adds an additional battery 
to the electromagnet.

Which question could most likely be answered by this investigation?

A	How does the size of the magnet affect the distance the magnet travels up the rod?

B	How does the distance between the magnet and the electromagnet affect the strength of the magnetic 
force of the electromagnet?

C	How does the amount of the electric current affect the distance the magnet travels up the rod?

D	How does the direction of the electric current affect the strength of the magnetic force of the 
electromagnet?

Distractor Rationales

A. Because the size of the magnet is not varied in this investigation, a question about the effect of size on the distance the 
magnet travels on the rod cannot be answered.

B. Because the distance between the magnet and the electromagnet is not varied in this investigation, a question about the 
effect of distance on the strength of the magnetic force cannot be answered.

C. Key. The amount or magnitude of the electric current affects the strength of the magnetic field of the electromagnet.

D. The direction of current affects the electromagnet [changes the north pole of the electromagnet] but because the direction of 
the electric current is not changed in the investigation, a question about the effect of the direction of current on the strength 
of the magnetic force cannot be answered.
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NGSS ALIGNMENT 
PERFORMANCE EXPECTATION: MS-PS2-3: Ask questions about data to determine the factors that affect the strength of electric and 
magnetic forces.
DOK: 2 ID: 137144A

137144A Multiple Choice B In Development

A student created an electromagnet out of a piece of copper wire, a nail, and a battery, as shown. 

– +

The student observed that the electromagnet could not lift paper clips off a desktop as expected.

Which hypothesis will most likely help the student build an electromagnet capable of lifting paper clips?

A	Using a wooden stick instead of a nail will increase the number of paper clips that the  
electromagnet can pick up.

B	Adding more coils of copper wire to the nail will increase the number of paper clips that the 
electromagnet can pick up.

C	Pushing the coils of copper wire closer together will increase the number of paper clips that the 
electromagnet can pick up.

D	Using a battery that produces less electric current will increase the number of paper clips that the 
electromagnet can pick up.

Distractor Rationales

A. The copper wire must be wrapped around an electrically conductive material in order to make an electromagnet and wood 
does not conduct electricity.

B. Key. Increasing the number of coils of copper wire will increase the magnetic force of the electromagnet.

C. Distance between coils does not have an effect on the strength of the magnetic field of an electromagnet.

D. As the amount of electric current passing through the nail decreases, the strength of the magnetic field decreases, so fewer 
paper clips would be picked up.
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See the rubric and scoring notes on the next page.

NGSS ALIGNMENT 
PERFORMANCE EXPECTATION: MS-PS2-4: Construct and present arguments using evidence to support the claim that gravitational 
interactions are attractive and depend on the masses of interacting objects.
DOK: 2 ID: 183813A

183813A Extended Response (3 points) In Development

This table shows data about the four inner planets in our solar system. The weight that a 5-kilogram object 
would be if placed on the surface of each planet is also given.

Mass of
Planet

(1024 kg)

Weight of
5 kg Object

(kg)

Radius of
Planet
(km)

Mercury

Venus

Earth

Mars

2440

6052

6378

3397

0.33

4.87

5.97

0.642

1.8

4.5

5.0

1.8

Properties of Planets

a. Describe the evidence in the table that supports the claim that the force of gravity depends on the 
masses of the interacting objects. Explain why the evidence supports the claim.

The Moon has a smaller radius and less mass than any of the inner planets.

b. Describe how the weight of the object on the Moon compares to the object’s weight on any of the inner 
planets. Explain your reasoning.
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Extended-Response Rubric

PE: MS-PS2-4: Construct and present arguments using evidence to support the claim that gravitational interactions are attractive 
and depend on the masses of interacting objects.

Level of 
Understanding Evidence of Understanding

3
Demonstrating 
Expected 
Understanding

Student response provides clear evidence of using the dimensions* to make sense of scientific 
phenomena and/or to design solutions to problems. Student is able to:
�� describe evidence from the table that supports the claim that the force of gravity depends on the 

masses of the interacting objects and explain why the evidence supports the claim;
AND
�� describe how the weight of the object on the Moon would compare to the object’s weight on any 

of the inner planets and explain the reasoning.

2
Progressing 
toward 
Understanding

Student response provides partial evidence of using the dimensions* to make sense of scientific 
phenomena and/or to design solutions to problems. The response lacks some critical information 
and details or contains some errors. Student is able to:
�� describe evidence from the table that supports the claim that the force of gravity depends on the 

masses of the interacting objects and explain why the evidence supports the claim;
OR
�� describe how the weight of the object on the Moon would compare to the object’s weight on any 

of the inner planets and explain the reasoning;
OR
�� describe evidence in part (a) and compare the object’s weights in part (b) BUT the explanation of 

evidence or reasoning is not provided or does not support the answers.

1
Beginning 
to Develop 
Understanding

Student response is incomplete or provides minimal evidence of using the dimensions* to make 
sense of scientific phenomena and/or to design solutions to problems.

0 Not Showing 
Understanding

Student does not respond or student response is inaccurate, irrelevant, or contains insufficient 
evidence of using the dimensions* to make sense of scientific phenomena and/or to design solutions 
to problems.

* As outlined in the Performance Expectations (PE) of the NGSS, the three dimensions are the disciplinary core ideas (DCI), science and engineering practices 
(SEP), and crosscutting concepts (CCC). Note that due to the complexity of the PEs, individual assessment items may not address all three dimensions.

Scoring Notes:
Possible answers include:
a.  The data in the table show that the mass of the object was the same on each planet, but the masses of the planets are 

different. The data show that the greater the mass of a planet, the greater the weight of the object. Weight is a measure of 
the force due to gravity on an object. This evidence supports the claim that the force of gravity is dependent on the masses of 
the interacting objects.

b.  The object would weigh less on the Moon than on any of the inner planets because the Moon has less mass than any of the 
other planets, therefore a smaller gravitational force on the object.
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NGSS ALIGNMENT 
PERFORMANCE EXPECTATION: MS-PS2-4: Construct and present arguments using evidence to support the claim that gravitational 
interactions are attractive and depend on the masses of interacting objects.
DOK: 2 ID: 183820A

183820A Extended Response (3 points) In Development

The masses of four planets in our solar system are shown in the table. The table also shows what the 
weight of a 5-kilogram object and a 10-kilogram object would be on each planet.

Mass of
Planet

(1024 kg)

Weight of
Object

(kg)

Mass of
Object

(kg)

Mercury

Venus

Earth

Mars

5

5

5

5

0.330

4.870

5.970

0.642

1.89

4.54

5.00

1.89

10 3.78

10 9.07

10 10.00

10 3.77

Planet

Weight of Two Objects on Four Planets

a. Use evidence from the table to support the claim that gravity is an attractive force.

b. Make a claim about the effect of mass on the gravitational force between two objects. Support your 
claim using evidence from the table.
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Extended-Response Rubric

PE: MS-PS2-4: Construct and present arguments using evidence to support the claim that gravitational interactions are attractive 
and depend on the masses of interacting objects.

Level of 
Understanding Evidence of Understanding

3
Demonstrating 
Expected 
Understanding

Student response provides clear evidence of using the dimensions* to make sense of scientific 
phenomena and/or to design solutions to problems. Student is able to:
�� use evidence from the table to support the claim that gravity is an attractive force;

AND
�� make a claim about the effect of mass on the gravitational force between two objects and support 

the claim using evidence from the table.

2
Progressing 
toward 
Understanding

Student response provides partial evidence of using the dimensions* to make sense of scientific 
phenomena and/or to design solutions to problems. The response lacks some critical information 
and details or contains some errors. Student is able to:
�� use evidence from the table to support the claim that gravity is an attractive force;

AND
�� make a claim about the effect of mass on the gravitational force between two objects BUT does 

not support the claim using evidence from the table.

1
Beginning 
to Develop 
Understanding

Student response is incomplete or provides minimal evidence of using the dimensions* to make 
sense of scientific phenomena and/or to design solutions to problems.

0 Not Showing 
Understanding

Student does not respond or student response is inaccurate, irrelevant, or contains insufficient 
evidence of using the dimensions* to make sense of scientific phenomena and/or to design solutions 
to problems.

* As outlined in the Performance Expectations (PE) of the NGSS, the three dimensions are the disciplinary core ideas (DCI), science and engineering practices 
(SEP), and crosscutting concepts (CCC). Note that due to the complexity of the PEs, individual assessment items may not address all three dimensions.

Scoring Notes:
Possible answers include:
a.  An object has weight because of the force of attraction between a planet and the object. This force of attraction is the force 

of gravity.
b.  As the mass of the objects increases, the gravitational force between the objects increases. Data in the table support this claim 

by showing, for example, that Mercury has less mass than Venus and that the weight of the 5 kg object on Mercury is 1.89 kg 
but on Venus is 4.54 kg. The object has more weight on the planet that has more mass.
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NGSS ALIGNMENT 
PERFORMANCE EXPECTATION: MS-PS2-4: Construct and present arguments using evidence to support the claim that gravitational 
interactions are attractive and depend on the masses of interacting objects.
DOK: 2 ID: 183828A

183828A Extended Response (3 points) In Development

Each of these four models represents the force of gravity between two 
objects. The masses of the objects and the distances between the objects 
vary. The arrows in each model indicate the direction of the force of 
gravity between the two objects.

Use evidence from these models to support an argument that both distance 
and mass affect the gravitational force between two objects.

Extended-Response Rubric

PE: MS-PS2-4: Construct and present arguments using evidence to support the claim that gravitational interactions are attractive 
and depend on the masses of interacting objects.

Level of 
Understanding Evidence of Understanding

3
Demonstrating 
Expected 
Understanding

Student response provides clear evidence of using the dimensions* to make sense of scientific 
phenomena and/or to design solutions to problems. Student is able to:
�� use evidence from the models to support an argument that BOTH distance and mass affect the 

gravitational force between two objects.

2
Progressing 
toward 
Understanding

Student response provides partial evidence of using the dimensions* to make sense of scientific 
phenomena and/or to design solutions to problems. The response lacks some critical information 
and details or contains some errors. Student is able to:
�� use evidence from the models to support an argument that distance OR mass affect the 

gravitational force between objects.

1
Beginning 
to Develop 
Understanding

Student response is incomplete or provides minimal evidence of using the dimensions* to make 
sense of scientific phenomena and/or to design solutions to problems.

0 Not Showing 
Understanding

Student does not respond or student response is inaccurate, irrelevant, or contains insufficient 
evidence of using the dimensions* to make sense of scientific phenomena and/or to design solutions 
to problems.

* As outlined in the Performance Expectations (PE) of the NGSS, the three dimensions are the disciplinary core ideas (DCI), science and engineering practices 
(SEP), and crosscutting concepts (CCC). Note that due to the complexity of the PEs, individual assessment items may not address all three dimensions.

Scoring Notes:
Possible answers include:
The models show that for the same distance (1 m), an increase in mass, from 1 kg to 2 kg, had an increase in force, from 1 unit to 
4 units. The models also show that for the same mass (1 kg), an increase in the distance between the objects, from 1 m to 2 m, 
had a decrease in force, from 1 unit to 0.25 unit. This evidence from the models supports the argument that both distance and 
mass affect the gravitational force between two objects.

Force = 1 unit

Force = 0.25 unit

Force = 4 units

Force = 1 unit

Model 1

Model 2

Model 3

Model 4

1m

1m

2m

2m

1kg 1kg

1kg1kg

2kg2kg

2kg2kg
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NGSS ALIGNMENT 
PERFORMANCE EXPECTATION: MS-PS2-4: Construct and present arguments using evidence to support the claim that gravitational 
interactions are attractive and depend on the masses of interacting objects.
DOK: 3 ID: 183844A

183844A Extended Response (3 points) In Development

This diagram shows three models that represent the gravitational  
force, F, between objects.

a. Describe how the models represent a gravitational force as an 
attractive force.

b. Make a claim about the effect of mass on the gravitational force 
between objects. Support your claim with evidence from the models.

Extended-Response Rubric

PE: MS-PS2-4: Construct and present arguments using evidence to support the claim that gravitational interactions are attractive 
and depend on the masses of interacting objects.

Level of 
Understanding Evidence of Understanding

3
Demonstrating 
Expected 
Understanding

Student response provides clear evidence of using the dimensions* to make sense of scientific 
phenomena and/or to design solutions to problems. Student is able to:
�� describe how the models represent a gravitational force as an attractive force;

AND
�� make a claim about the effect of mass on the gravitational force between objects and support the 

claim with evidence from the models.

2
Progressing 
toward 
Understanding

Student response provides partial evidence of using the dimensions* to make sense of scientific 
phenomena and/or to design solutions to problems. The response lacks some critical information 
and details or contains some errors. Student is able to:
�� describe how the models represent a gravitational force as an attractive force;

OR
�� make a claim about the effect of mass on the gravitational force between objects and support the 

claim with evidence from the models.

1
Beginning 
to Develop 
Understanding

Student response is incomplete or provides minimal evidence of using the dimensions* to make 
sense of scientific phenomena and/or to design solutions to problems.

0 Not Showing 
Understanding

Student does not respond or student response is inaccurate, irrelevant, or contains insufficient 
evidence of using the dimensions* to make sense of scientific phenomena and/or to design solutions 
to problems.

* As outlined in the Performance Expectations (PE) of the NGSS, the three dimensions are the disciplinary core ideas (DCI), science and engineering practices 
(SEP), and crosscutting concepts (CCC). Note that due to the complexity of the PEs, individual assessment items may not address all three dimensions.

Scoring Notes:
Possible answers include:
a.  The arrows in the models represent the direction of gravitational force. The arrows are pointing from one object to another 

object, meaning that the two objects are being pulled toward each other, which is an attractive force.
b.  Gravitational force increases as the mass of the objects increases. The model shows the gravitational force increased from F to 

2F when the mass of one object increased from X to 2X. The model also shows the gravitational force increased from F to 4F 
when the mass of both objects increased from X to 2X.

Effect of Mass on Gravitational Force (F)

Mass = X Mass = X

Mass = X Mass = 2X

Mass = 2X Mass = 2X

F

2F

4F

Model 1

Model 2

Model 3
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NGSS ALIGNMENT 
PERFORMANCE EXPECTATION: MS-PS2-4: Construct and present arguments using evidence to support the claim that gravitational 
interactions are attractive and depend on the masses of interacting objects.
DOK: 2 ID: 122975A

122975A Short Answer 2 In Development

Venus is often referred to as the “sister” planet to Earth because it shares some similar characteristics. 
However, an object that weighs 6,500 newtons on Earth would weigh only about 5,900 newtons on Venus. 
Some data for Earth and Venus are shown in the table.

Mass
(1024 kg)

Density
(kg/m3)

Gravity
(m/s2)

Diameter
(km)

Earth 5.97 5,514 12,756 9.8

Venus 4.87 5,243 12,104 8.9

Explain why the same object would weigh less on Venus than on Earth. Support your explanation using evidence 
from the table.

Constructed-Response Rubric

PE: MS-PS2-4: Construct and present arguments using evidence to support the claim that gravitational interactions are attractive 
and depend on the masses of interacting objects.

Level of 
Understanding Evidence of Understanding

2
Demonstrating 
Expected 
Understanding

Student response provides clear evidence of using the dimensions* to make sense of scientific 
phenomena and/or to design solutions to problems. Student is able to:
�� explain why the same object would weigh less on Venus than on Earth;

AND
�� support the explanation using evidence from the table.

1
Progressing 
toward 
Understanding

Student response provides partial evidence of using the dimensions* to make sense of scientific 
phenomena and/or to design solutions to problems. The response lacks some critical information 
and details or contains some errors. Student is able to:
�� explain why the same object would weigh less on Venus than on Earth BUT the support of the 

explanation using evidence from the table contains errors or is not provided.

0 Not Showing 
Understanding

Student does not respond or student response is inaccurate, irrelevant, or contains insufficient 
evidence of using the dimensions* to make sense of scientific phenomena and/or to design solutions 
to problems.

* As outlined in the Performance Expectations (PE) of the NGSS, the three dimensions are the disciplinary core ideas (DCI), science and engineering practices 
(SEP), and crosscutting concepts (CCC). Note that due to the complexity of the PEs, individual assessment items may not address all three dimensions.

Scoring Notes:
Possible answers include:
The same object would weigh less on Venus than on Earth because weight is a measure of the gravitational attraction between 
the planet and the object. The force of gravity depends on the masses of the objects. As mass decreases, the force of gravity 
decreases. Because Venus has less mass than Earth, the force of gravity is less. According to the data in the table, Venus has a 
mass of 4.87 x 1024 kg, which is less than the mass of Earth, 5.97 x 1024 kg.
OR
The same object would weigh less on Venus than on Earth because weight is a measure of the gravitational attraction between 
the planet and the object. Data in the table show that the force due to gravity on Venus is less than it is on Earth, 8.9 m/s2 
versus 9.8 m/s2.
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NGSS ALIGNMENT 
PERFORMANCE EXPECTATION: MS-PS2-4: Construct and present arguments using evidence to support the claim that gravitational 
interactions are attractive and depend on the masses of interacting objects.
DOK: 3 ID: 122747A

122747A Multiple Choice A In Development

Andy makes a claim that the force due to gravity depends on the masses of interacting objects. He does an 
investigation to test his claim, following this procedure:

1. Hang a coil spring from the edge of a desk so that the spring hangs freely.

2. Measure the length of the spring using a meterstick.

3. Attach a steel washer to the coil spring.

4. Measure the length of the spring using the meterstick.

5. Repeat steps 3–4, using additional steel washers.

A diagram of the setup for the investigation is shown. The collected data is given in the table.

Coil
spring

Steel
washer

20
30

10

     

Length of Coil Spring

Number of
Washers

0

1

2

3

Spring length
(cm)

10

22

33

43

4 52

Which statement best explains why Andy’s claim is supported by the data?

A	The length of the spring increased each time a steel washer was added to the spring.

B	The length of the spring decreased each time a steel washer was added to the spring.

C	The force due to gravity depended on the distance between the steel washers and Earth.

D	The force due to gravity by Earth on the steel washer was greater than the force due to gravity by the 
steel washer on Earth.

Distractor Rationales

A. Key. Adding mass to the spring increases the force of gravity that pulls down on the spring, lengthening the spring.

B. The data show that the length of the spring increased each time a washer was added. 

C. The small differences in distance between the washers and Earth does not affect the amount of gravitational force on the 
washers.

D. Gravitational attraction depends on the masses of the interacting objects but gravitational attraction is one force that depends 
on both masses, not the force of one object on the other.
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See the scoring notes on the next page.

NGSS ALIGNMENT 
PERFORMANCE EXPECTATION: MS-PS2-5: Conduct an investigation and evaluate the experimental design to provide evidence that 
fields exist between objects exerting forces on each other even though the objects are not in contact.
DOK: 2 ID: 184144A

184144A Extended Response (3 points) In Development

Mr. Ramirez demonstrates that objects can exert forces on each other even when the objects are not 
touching. He removes two long pieces of clear plastic tape from a tape dispenser. He holds a piece of tape 
in each hand so that they are hanging down. As he moves his hands closer together, the pieces of tape 
repel each other.

His students then plan an investigation to study the forces exerted by the pieces of tape.

a. Identify two factors that may affect the forces exerted by the pieces of tape. Explain your reasoning.

b. Describe how the effect of one of the factors you identified in part (a) could be tested. Be sure to include 
a description of how the effect would be measured and how the collected data would be analyzed.

Extended-Response Rubric

PE: MS-PS2-5: Conduct an investigation and evaluate the experimental design to provide evidence that fields exist between objects 
exerting forces on each other even though the objects are not in contact.

Level of 
Understanding Evidence of Understanding

3
Demonstrating 
Expected 
Understanding

Student response provides clear evidence of using the dimensions* to make sense of scientific 
phenomena and/or to design solutions to problems. Student is able to:
�� identify two factors that may affect the forces exerted by the pieces of tape and explain the 

reasoning;
AND
�� describe how the effect of one of the factors would be tested, including a description of how the 

effect would be measured and how the collected data would be analyzed.

2
Progressing 
toward 
Understanding

Student response provides partial evidence of using the dimensions* to make sense of scientific 
phenomena and/or to design solutions to problems. The response lacks some critical information 
and details or contains some errors. Student is able to:
�� identify two factors that may affect the forces exerted by the pieces of tape and explain the 

reasoning BUT the description of how the effect of one of the factors would be tested does not 
include a description of how to measure the effect OR how to analyze the collected data;
OR
�� identify two factors that may affect the forces exerted by the pieces of tape and explain the 

reasoning BUT does not include a description of how the effect of the factors on the forces would 
be tested AND/OR does not include a description of how to measure the effect AND/OR how to 
analyze the collected data.

1
Beginning 
to Develop 
Understanding

Student response is incomplete or provides minimal evidence of using the dimensions* to make 
sense of scientific phenomena and/or to design solutions to problems.

0 Not Showing 
Understanding

Student does not respond or student response is inaccurate, irrelevant, or contains insufficient 
evidence of using the dimensions* to make sense of scientific phenomena and/or to design solutions 
to problems.

* As outlined in the Performance Expectations (PE) of the NGSS, the three dimensions are the disciplinary core ideas (DCI), science and engineering practices 
(SEP), and crosscutting concepts (CCC). Note that due to the complexity of the PEs, individual assessment items may not address all three dimensions.
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Scoring Notes:
Possible answers include:

a. Factors that may affect the forces exerted by the pieces of tape include two of the following:

�� Distance between the two pieces of tape. The strength of the forces may be affected by the distance between the charged 
surfaces.
�� Lengths of the pieces of tape. The length of the tape may affect the strength of the forces.
�� Kind of tape. Some kinds of tape may not become statically charged when removed from a tape dispenser.
�� How quickly the pieces of tape are removed from the tape dispenser. Removing the tape more slowly or more quickly 

may affect the amount of static charge on the pieces of tape.
�� Orientation of the pieces of tape (i.e., sticky sides or smooth sides facing each other). One side of the tape may have a 

positive charge and one side may have a negative charge.

b. The effect of one of the factors identified could be tested by doing any one of the following:

�� Distance between the two pieces of tape. Hold one piece of tape in each hand and bring my hands closer together until 
the pieces of tape start to repel each other. Measure the distance the pieces of tape are repelled. Bring my hands closer 
together and again measure the distance the pieces of tape are repelled. Continue this process until my hands are almost 
touching. Analyze the data to see if the distance the pieces of tape are repelled changes as my hands get closer together.
�� Lengths of the pieces of tape. Do the same test for three different lengths of tape (the pieces in each pair have the same 

length). For each pair, hold one piece of tape in each hand and bring my hands closer together until the pieces of tape start 
to repel each other. Measure the distance between my hands. Analyze the data to see if the distance between my hands 
when the pieces of tape are first repelled varies with the length of the tape.
�� Kind of tape. Do the same test for four different kinds of tape. Hold one piece of tape in each hand and bring my hands 

closer together until the pieces of tape start to repel each other. Measure the distance between my hands. Analyze the data 
to see if the distance between my hands when the pieces of tape are first repelled varies with kind of tape.
�� How quickly the pieces of tape are removed from the tape dispenser. Do the same test for pieces of tape that are 

removed from the dispenser at three different speeds: fast, medium, and slow. Hold one piece of tape in each hand and 
bring my hands closer together until the pieces of tape start to repel each other. Measure the distance between my hands. 
Analyze the data to see if the distance between my hands when the pieces of tape are first repelled varies with how quickly 
the pieces of tape were removed from the tape dispenser.
�� Orientation of pieces of tape (i.e., sticky sides or smooth sides facing each other). Do the same test for three orientations: 

a sticky side facing a smooth side, two sticky sides facing each other, and two smooth sides facing each other. Hold one 
piece of tape in each hand and bring my hands closer together until the pieces of tape either repel, attract, or have no 
interaction. Analyze the data to see if the orientation of the pieces of tape affected when the pieces of tape attracted or 
repelled or had no interaction.
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NGSS ALIGNMENT 
PERFORMANCE EXPECTATION: MS-PS2-5: Conduct an investigation and evaluate the experimental design to provide evidence that 
fields exist between objects exerting forces on each other even though the objects are not in contact.
DOK: 2 ID: 184181A

184181A Multiple Choice C In Development

Alice is investigating whether she can show magnetic field lines, using iron filings and two bar magnets. 
She arranges the magnets so that the north pole of one magnet is close to the south pole of the other 
magnet. Alice lays a transparent sheet of plastic on top of the magnets and sprinkles iron filings on it. She 
taps the plastic sheet gently to see whether the iron filings will form a pattern showing magnetic field lines.

Which statement describes a conclusion that would be supported by this investigation?

A	A magnetic field forms only when two magnets are touching.

B	A magnetic field forms only when the north pole of a magnet is close to the south pole of another magnet.

C	Forces from a magnetic field can act on an object without touching the object.

D	Forces from a magnetic field are stronger when the magnets are closer together.

Distractor Rationales

A. A magnetic field is a force that acts at a distance; magnets do not need to be touching to exert a force.

B. A magnetic field forms for any magnet, whether close to another magnet or not. Although orientation of the magnets (south-
north, north-north, or south-south) affects the magnetic fields that form, the magnetic fields of attractive forces are different 
from the magnetic fields of repelling forces.

C. Key. A magnetic field is a force that acts at a distance, which means the magnet does not need to be touching an object to 
exert a force on the object.

D. Although this is a true statement, the investigation does not vary the distance between the magnets and therefore cannot 
support this conclusion.
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122909A Short Answer 2 In Development

An engineer determines the safety of a car design by conducting a collision test. During a collision test, 
a car is crashed into a solid wall. Then the engineer measures the force of the collision on the car and 
compares that to the damage done to the car. 

Compare the force of the collision on the wall with the force of the collision on the car. Use Newton’s third law 
of motion to support your answer.
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122973A Short Answer 2 In Development

A customer enters a grocery store with an empty shopping cart that has a mass of 20 kg. Another customer is 
leaving the store with a shopping cart full of groceries that has a mass of 40 kg. The two customers accidentally 
bump their carts together.

Eve observes the accident. She hypothesizes that the cart full of groceries applied more force to the empty cart 
than the empty cart applied to the full cart.

Explain whether you agree or disagree with Eve’s hypothesis. Use Newton’s third law of motion to support your 
answer.
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180209A Short Answer 2 In Development

Jennifer and her father drive bumper cars at an amusement park and have a collision, as shown in the picture.

Jennifer thinks that the force on her bumper car from the collision is greater than the force on her father’s 
bumper car, because her father weighs a lot more than she does.

Explain why Jennifer’s thinking is not supported by Newton’s third law of motion.
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180215A Short Answer 2 In Development

Amed watched a video of someone using a jetpack rocket at a lake. Water is pumped out of the lake into 
the jetpack, and then the water is fired out of the jetpack, as shown in the picture. The rider is lifted out of 
the water and can move around over the lake.

Jetpack

Explain how the height of the rider above the water could be increased. Support your explanation using 
Newton’s third law of motion.
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122727A Multiple Choice C In Development

Students are investigating two steel spheres with the same diameter. One sphere is solid and the other is 
hollow. The students hypothesize that the solid sphere is less likely to dent during a collision than the 
hollow sphere. Both spheres must experience the exact same amount of force during the collision so that 
the investigation is valid.

Which investigation makes both spheres experience the exact same amount of force during a collision?

A	The spheres are dropped to the floor by the same person.

B	The spheres are thrown against a wall by the same person.

C	The spheres are rolled toward each other and collide with each other.

D	The spheres are rolled toward the same wall and collide with the wall.
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183809A Extended Response (3 points) In Development

Caleb is investigating the effect of friction on the motion of an object. He uses the following supplies for the 
investigation:

• a wooden block

• three ramps, each ramp is the same height and length but has a different surface (smooth wood, carpet, 
rough sandpaper)

• a stopwatch

Caleb tests his hypothesis that the smooth wood ramp surface causes less friction than the carpet and that the 
carpet causes less friction than the rough sandpaper.

a. Describe a procedure using these supplies that Caleb may follow to test his hypothesis.

b. Explain the most likely reason Caleb uses the same wooden block for each test.

c. Identify the independent and dependent variables for this investigation.
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183856A Extended Response (3 points) In Development

Molly is investigating the change in motion of an object. She kicks a soccer ball that is sitting on a soccer 
field three times. Molly changes the force of her kick each time and uses a device to measure the force. 
The data she collected are shown in the table.

Force of Kick
(N)

Distance Traveled
(m)

150

200

270

31

39

47

a. Identify the independent and dependent variables of the investigation.

b. Describe two forces acting on the soccer ball when Molly kicks it.

c. Make a claim about the change in motion of an object that can be supported by evidence from the 
investigation and Newton’s laws of motion. Explain your reasoning.
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183857A Extended Response (3 points) In Development

A group of students is investigating how a force applied to an object affects the motion of that object. The 
diagram shows the setup for the investigation. To create a force, the students add a weight to the weight 
holder and observe whether the cart moves. The students repeat this step five times, using a different 
amount of weight each time.

Cart

Pulley

String

Weight
holder

Force

a. Identify the independent and dependent variables of this investigation.

b. Describe two forces acting on the cart. Include the direction of the force in your description.

c. Make a claim about the forces on the cart when the cart does not move. Support your claim using 
Newton’s laws of motion.
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137040A Short Answer 2 In Development

Two students are investigating the effect of forces on the motion of an object. The two students each push 
on a box, as shown in the picture.

Student A Student B

Even though the students are pushing the box very hard, the box does not move.

Describe one way the students could make the box move. Explain why this would move the box.
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137306A Short Answer 2 In Development

An educational-supply company developed a model rocket to sell to school districts. Science teachers use 
the rocket to help students investigate motion. The rocket has a cargo area designed to hold water. Water 
can be added to or removed from the cargo area.

Nose
cone

Cargo
area

Fins

Model Rocket

When launched with an empty cargo area, the rocket is designed to reach a maximum vertical height 
of 10 meters. A school district wants to buy rockets that can reach only 7 meters in vertical height. The 
company cannot change the force applied by the rocket’s engine or the shape of the rocket.

Describe how the company could investigate a solution to this problem. Explain why the investigation is 
reasonable based on Newton’s laws of motion.
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136599A Multiple Choice B In Development

A student performs an investigation to study Newton’s second law:

force = mass × acceleration.

Two marbles of different masses are released at the top of a ramp and roll down the ramp. The student measures 
the distance each marble travels. The procedure is repeated three times and the average distance traveled by each 
marble is calculated. The summarized data are shown in the table.

Mass of
Marble

(g)

Height of
Ramp
(cm)

Average Distance
Traveled

(cm)

3

5

10

10

53.3

86.3

Which of the following is the independent variable in the investigation?

A	ramp height

B	marble mass

C	number of tests

D	distance traveled by marble
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183858A Extended Response (3 points) In Development

Six students each make an electromagnet for an investigation. Each student wraps copper wire around a 
nail and attaches each end of the wire to a 9-volt battery. The students use their electromagnets to pick up 
paper clips. The table shows the number of paper clips each student picks up with their electromagnet.

Number of
Paper Clips
Picked Up

Student

1

2

3

4

5

6

5

12

28

17

7

25

Electromagnet 
Investigation

a. Write one question about how the electromagnets were made that the students could answer that would 
help explain the differences in the numbers of paper clips picked up by the electromagnets. Explain your 
reasoning.

b. Identify one factor, other than how the electromagnets were made, that would affect the number of paper 
clips picked up by the electromagnet. Explain your reasoning.
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122745A Multiple Choice C In Development

During an investigation, a teacher places a small permanent magnet with a hole in it onto a wooden rod. 
The magnet can slide freely up and down the rod. When the teacher places the magnet and rod on a 
tabletop above an electromagnet, the magnet slides up the rod as shown in the diagram.

Magnet

+

–

+

–

+

–

+

–

Battery Electromagnet

1
0

2
3

4
5

6
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8
9
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15

1
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4
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C
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T
E

R
S

A student measures how far the magnet slides up the rod each time the teacher adds an additional battery 
to the electromagnet.

Which question could most likely be answered by this investigation?

A	How does the size of the magnet affect the distance the magnet travels up the rod?

B	How does the distance between the magnet and the electromagnet affect the strength of the magnetic 
force of the electromagnet?

C	How does the amount of the electric current affect the distance the magnet travels up the rod?

D	How does the direction of the electric current affect the strength of the magnetic force of the 
electromagnet?
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137144A Multiple Choice B In Development

A student created an electromagnet out of a piece of copper wire, a nail, and a battery, as shown. 

– +

The student observed that the electromagnet could not lift paper clips off a desktop as expected.

Which hypothesis will most likely help the student build an electromagnet capable of lifting paper clips?

A	Using a wooden stick instead of a nail will increase the number of paper clips that the  
electromagnet can pick up.

B	Adding more coils of copper wire to the nail will increase the number of paper clips that the 
electromagnet can pick up.

C	Pushing the coils of copper wire closer together will increase the number of paper clips that the 
electromagnet can pick up.

D	Using a battery that produces less electric current will increase the number of paper clips that the 
electromagnet can pick up.
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183813A Extended Response (3 points) In Development

This table shows data about the four inner planets in our solar system. The weight that a 5-kilogram object 
would be if placed on the surface of each planet is also given.

Mass of
Planet

(1024 kg)

Weight of
5 kg Object

(kg)

Radius of
Planet
(km)

Mercury

Venus

Earth

Mars

2440

6052

6378

3397

0.33

4.87

5.97

0.642

1.8

4.5

5.0

1.8

Properties of Planets

a. Describe the evidence in the table that supports the claim that the force of gravity depends on the 
masses of the interacting objects. Explain why the evidence supports the claim.

The Moon has a smaller radius and less mass than any of the inner planets.

b. Describe how the weight of the object on the Moon compares to the object’s weight on any of the inner 
planets. Explain your reasoning.
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183820A Extended Response (3 points) In Development

The masses of four planets in our solar system are shown in the table. The table also shows what the 
weight of a 5-kilogram object and a 10-kilogram object would be on each planet.

Mass of
Planet

(1024 kg)

Weight of
Object

(kg)

Mass of
Object

(kg)

Mercury

Venus

Earth

Mars

5

5

5

5

0.330

4.870

5.970

0.642

1.89

4.54

5.00

1.89

10 3.78

10 9.07

10 10.00

10 3.77

Planet

Weight of Two Objects on Four Planets

a. Use evidence from the table to support the claim that gravity is an attractive force.

b. Make a claim about the effect of mass on the gravitational force between two objects. Support your 
claim using evidence from the table. 
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183828A Extended Response (3 points) In Development

Each of these four models represents the force of gravity between two objects. The masses of the objects 
and the distances between the objects vary. The arrows in each model indicate the direction of the force of 
gravity between the two objects.

Force = 1 unit

Force = 0.25 unit

Force = 4 units

Force = 1 unit

Model 1

Model 2

Model 3

Model 4

1m

1m

2m

2m

1kg 1kg

1kg1kg

2kg2kg

2kg2kg

Use evidence from these models to support an argument that both distance and mass affect the gravitational 
force between two objects.
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183844A Extended Response (3 points) In Development

This diagram shows three models that represent the gravitational force, F, between objects.

Effect of Mass on Gravitational Force (F)

Mass = X Mass = X

Mass = X Mass = 2X

Mass = 2X Mass = 2X

F

2F

4F

Model 1

Model 2

Model 3

a. Describe how the models represent a gravitational force as an attractive force.

b. Make a claim about the effect of mass on the gravitational force between objects. Support your claim 
with evidence from the models.
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122975A Short Answer 2 In Development

Venus is often referred to as the “sister” planet to Earth because it shares some similar characteristics. 
However, an object that weighs 6,500 newtons on Earth would weigh only about 5,900 newtons on Venus. 
Some data for Earth and Venus are shown in the table.

Mass
(1024 kg)

Density
(kg/m3)

Gravity
(m/s2)

Diameter
(km)

Earth 5.97 5,514 12,756 9.8

Venus 4.87 5,243 12,104 8.9

Explain why the same object would weigh less on Venus than on Earth. Support your explanation using evidence 
from the table.
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122747A Multiple Choice A In Development

Andy makes a claim that the force due to gravity depends on the masses of interacting objects. He does an 
investigation to test his claim, following this procedure:

1. Hang a coil spring from the edge of a desk so that the spring hangs freely.

2. Measure the length of the spring using a meterstick.

3. Attach a steel washer to the coil spring.

4. Measure the length of the spring using the meterstick.

5. Repeat steps 3–4, using additional steel washers.

A diagram of the setup for the investigation is shown. The collected data is given in the table.

Coil
spring

Steel
washer

20
30

10

     

Length of Coil Spring

Number of
Washers

0

1

2

3

Spring length
(cm)

10

22

33

43

4 52

Which statement best explains why Andy’s claim is supported by the data?

A	The length of the spring increased each time a steel washer was added to the spring.

B	The length of the spring decreased each time a steel washer was added to the spring.

C	The force due to gravity depended on the distance between the steel washers and Earth.

D	The force due to gravity by Earth on the steel washer was greater than the force due to gravity by the 
steel washer on Earth.
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184144A Extended Response (3 points) In Development

Mr. Ramirez demonstrates that objects can exert forces on each other even when the objects are not 
touching. He removes two long pieces of clear plastic tape from a tape dispenser. He holds a piece of tape 
in each hand so that they are hanging down. As he moves his hands closer together, the pieces of tape 
repel each other.

His students then plan an investigation to study the forces exerted by the pieces of tape.

a. Identify two factors that may affect the forces exerted by the pieces of tape. Explain your reasoning.

b. Describe how the effect of one of the factors you identified in part (a) could be tested. Be sure to include 
a description of how the effect would be measured and how the collected data would be analyzed.
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184181A Multiple Choice C In Development

Alice is investigating whether she can show magnetic field lines, using iron filings and two bar magnets. 
She arranges the magnets so that the north pole of one magnet is close to the south pole of the other 
magnet. Alice lays a transparent sheet of plastic on top of the magnets and sprinkles iron filings on it. She 
taps the plastic sheet gently to see whether the iron filings will form a pattern showing magnetic field lines.

Which statement describes a conclusion that would be supported by this investigation?

A	A magnetic field forms only when two magnets are touching.

B	A magnetic field forms only when the north pole of a magnet is close to the south pole of another magnet.

C	Forces from a magnetic field can act on an object without touching the object.

D	Forces from a magnetic field are stronger when the magnets are closer together.


