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Unit 4: Forces and Motion 
 
 

CONTENT AREA: General Physical Science GRADES: 6 UNIT: 4 of 7 

Pacing: Approx. 25 Days 

Engaging in Argument from Evidence 
 
Planning and Carrying Out Investigations  
 
• Plan an investigation individually and collaboratively, 
and in the design: identify independent and dependent 
variables and controls, what tools are needed to do the 
gathering, how measurements will be recorded, and 
how many data are needed to support a claim. 
(MS-PS2-2)  
 
Constructing Explanations and Designing Solutions  
 
• Apply scientific ideas or principles to design an object, 
tool, process or system. (MS-PS2-1) 
 
Asking Questions and Defining Problems  
 
• Define a design problem that can be solved through 
the development of an object, tool, process or system 
and includes multiple criteria and constraints, including 
scientific knowledge that may limit possible solutions. 
(MS-ETS1-1)  
 
Engaging in Argument from Evidence  
 
• Evaluate competing design solutions based on jointly 
developed and agreed-upon design criteria. (MS-ETS1-2) 
 

Constructing Explanations and Designing 
Solutions  
 

Disciplinary Core Ideas 
 

PS2.A: Forces and Motion  
 
• For any pair of interacting objects, the force exerted 
by the first object on the second object is equal in 
strength to the force that the second object exerts on 
the first, but in the opposite direction (Newton’s third 
law). (MS-PS2-1)  
 
• The motion of an object is determined by the sum of 
the forces acting on it; if the total force on the object is 
not zero, its motion will change. The greater the mass of 
the object, the greater the force needed to achieve the 
same change in motion. For any given object, a larger 
force causes a  larger change in motion. (MS-PS2-2)  
 
• All positions of objects and the directions of forces 
and motions must be described in an arbitrarily chosen 
reference frame and arbitrarily chosen units of size. In 
order to share information with other people, these 
choices must also be shared. (MS-PS2-2)  
 
 
ETS1.A: Defining and Delimiting Engineering Problems  
 
• The more precisely a design task’s criteria and 
constraints can be defined, the more likely it is that the 
designed solution will be successful. Specification of 
constraints includes consideration of scientific principles 
and other relevant knowledge that are likely to limit 
possible solutions. (MS-ETS1-1)  
 

Crosscutting Concepts 

 

Systems and System Models  

 

• Models can be used to represent systems and 
their interactions—such as inputs, processes and 
outputs—and energy and matter flows within 
systems. (MS-PS2-1) Stability and Change  

 

• Explanations of stability and change in natural 
or designed systems can be constructed by 
examining the changes over time and forces at 
different scales. (MS-PS2-2)  

 

• Connections to Engineering, Technology, and 
Applications of Science Influence of Science, 
Engineering, and Technology on Society and the 
Natural World  

 

• The uses of technologies and any limitations on 
their use are driven by individual or societal 
needs, desires, and values; by the findings of 
scientific research; and by differences in such 
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Constructing explanations and designing 
solutions in 6–8 builds on K–5 experiences and 
progresses to include constructing 
explanations and designing solutions 
supported by multiple sources of evidence 
consistent with scientific ideas, principles, and 
theories. 
 

Apply scientific ideas or principles to design an 
object, tool, process or system. 
 

Planning and Carrying Out Investigations 
 

Planning and carrying out investigations to 
answer questions or test solutions to problems 
in 6–8 builds on K–5 experiences and 
progresses to include investigations that use 
multiple variables and provide evidence to 
support explanations or design solutions. 
 

Plan an investigation individually and 
collaboratively, and in the design: identify 
independent and dependent variables and 
controls, what tools are needed to do the 
gathering, how measurements will be 
recorded, and how many data are needed to 
support a claim. 
 

Connections to Nature of Science 
 
Scientific Knowledge is Based on Empirical 
Evidence 
 

ETS1.B: Developing Possible Solutions  
 
• There are systematic processes for evaluating 
solutions with respect to how well they meet the 
criteria and constraints of a problem. (MS-ETS1-2)  
 
• A solution needs to be tested, and then modified on 
the basis of the test results, in order to improve it. 
(MS-ETS1-4) 
 
 • There are systematic processes for evaluating 
solutions with respect to how well they meet the 
criteria and constraints of a problem. (MS-ETS1-2), 
(MS-ETS1-3) 
 
 • Sometimes parts of different solutions can be 
combined to create a solution that is better than any of 
its predecessors. (MS-ETS1-3)  
 
• Models of all kinds are important for testing solutions. 
(MS-ETS1-4) ETS1.C: Optimizing the Design Solution  
 
• Although one design may not perform the best across 
all tests, identifying the characteristics of the design 
that performed the best in each test can provide useful 
information for the redesign process—that is, some of 
those characteristics may be incorporated into the new 
design. (MS-ETS1-3)  
 
• The iterative process of testing the most promising 
solutions and modifying what is proposed on the basis 
of the test results leads to greater refinement and 
ultimately to an optimal solution. (MS-ETS1-4) 
 

PS2.A: Forces and Motion 
 

For any pair of interacting objects, the force 
exerted by the first object on the second 
object is equal in strength to the force that the 

factors as climate, natural resources, and 
economic conditions. (MS-PS2-1) 

 

 • All human activity draws on natural resources 
and has both short and long-term consequences, 
positive as well as negative, for the health of 
people and the natural environment. (MS-ETS1-1) 

 

Systems and System Models 

 

Models can be used to represent systems 
and their interactions—such as inputs, 
processes and outputs—and energy and 
matter flows within systems. 

 

Connections to Engineering,Technology, and 
Applications of Science 

 

Influence of Science, Engineering, and 
Technology on Society and the Natural World 

 

The uses of technologies and any limitations 
on their use are driven by individual or 
societal needs, desires, and values; by the 
findings of scientific research; and by 
differences in such factors as climate, natural 
resources, and economic conditions. 
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Science knowledge is based upon logical and 
conceptual connections between evidence and 
explanations. 

second object exerts on the first, but in the 
opposite direction (Newton’s third law). 
 

PS2.A: Forces and Motion 
 

The motion of an object is determined by the 
sum of the forces acting on it; if the total force 
on the object is not zero, its motion will 
change. The greater the mass of the object, 
the greater the force needed to achieve the 
same change in motion. For any given object, a 
larger force causes a larger change in motion. 
 

All positions of objects and the directions of 
forces and motions must be described in an 
arbitrarily chosen reference frame and 
arbitrarily chosen units of size. In order to 
share information with other people, these 
choices must also be shared. 
 
 
 
 

Stability and Change 

 

Explanations of stability and change in 
natural or designed systems can be 
constructed by examining the changes over 
time and forces at different scales. 

 
 
 
 

Performance Expectations: MS-PS2-1, MS-PS2-2, MS-ETS1-1, MS-ETS1-2, MS-ETS1-3, and MS-ETS1-4 

Evidence Statement(s):  MS-PS2-1, MS-PS2-2, MS-ETS1-1, MS-ETS1-2, MS-ETS1-3, and MS-ETS1-4 

Essential Question: How can we predict the motion of an object? 

21st Century Skills: 8.1.8.A.1, 8.1.8.A.2, 8.1.8.A.3, 8.1.8.A.4, 8.1.8.A.5, 8.1.8.D.4, 8.1.8.D.5, 8.1.8.E.1, 8.2.8.D.1,  

Career Ready Practices:  CRP2, CRP4, CRP5, CRP 6, CRP7, CRP8 ,CRP11,CRP12 
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Technical Terms (Suggested) Core Instructional Materials Assessment Statement 
 
The terms are located in the corresponding 
chapter of the students text.  All terms will be 
addressed before the beginning of the unit.  
 
 
** All terms should be taught in context 
rather than in isolation.  These terms should 
be addressed after conceptual 
understanding.** 

 
MS-PS2-1 - Chromebook, internet access, smartboard, 
notebook, pen, pencil, whiteboard. 
 
MS-PS2-2- Computer, Internet access, smartboard, 
notebook, pen, pencil, whiteboard. 
 
MS-ETS1-1- Computer, Internet access, smartboard, 
notebook, pen, pencil, whiteboard. 
 
MS-ETS1-2- Computer, Internet access, smartboard, 
notebook, pen, pencil, whiteboard. 
 
MS-ETS1-3- Computer, Internet access, smartboard, 
notebook, pen, pencil, whiteboard. 
 
MS-ETS1-4- Computer, Internet access, smartboard, 
notebook, pen, pencil, whiteboard. 

 
Students who understand the concepts are able to: 
 
 • Apply Newton’s third law to design a solution to a 
problem involving the motion of two colliding objects.  
 
• Define a design problem involving the motion of two 
colliding objects that can be solved through the 
development of an object, tool, process, or system 
and that includes multiple criteria and constraints, 
including scientific knowledge that may limit possible 
solutions.  
 
• Evaluate competing design solutions involving the 
motion of two colliding objects based on jointly 
developed and agreed-upon design criteria.  
 
• Develop a model to generate data to test ideas 
about designed systems, including those representing 
inputs and outputs.  
 
• Analyze and interpret data to determine similarities 
and differences in findings. 
 
Students who understand the concepts are able to:  
 
• Plan an investigation individually and collaboratively 
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.Design an 
investigation and identify independent and dependent 
variables and controls, what tools are needed to do 
the gathering, how measurements will be recorded, 
and how many data are needed to support a claim. 
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 • Make logical and conceptual connections between 
evidence and explanations.  
 
• Examine the changes over time and forces at 
different scales to explain the stability and change in 
designed systems. 
 
 

Modifications 
English Language Learners 

Scaffolding 
Word walls 
Sentence/paragraph frames 
Bilingual dictionaries/translation 
Think alouds 
Read alouds 
Highlight key vocabulary 
Annotation guides 
Think-pair-share 
Visual aides  
Modeling 
Cognates  

Special Education 
Word walls 
Visual aides 
Graphic organizers 
Multimedia 
Leveled readers 
Assistive technology 
Notes/summaries  
Extended time 
Answer masking 
Answer eliminator 
Highlighter 
Color contrast 

At Risk 
Teacher tutoring 
Peer tutoring 
Study guides 
Graphic organizers 
Extended time 
Parent communication 
Modified assignments 
Counseling 
 

Gifted & Talented 
Curriculum compacting 
Challenge assignments 
Enrichment activities 
Tiered activities 
Independent research/inquiry 
Collaborative teamwork 
Higher level questioning 
Critical/Analytical thinking tasks 
Self-directed activities  
 
 
 

 
 

5E Model 

Performance Expectation: MS-PS2-1, ETS 1-1, ETS 1-2, ETS 1-3 
MS-PS2-1. Apply Newton’s Third Law to design a solution to a problem involving the motion of two colliding objects. 
 

 
Engage: Anticipatory Set 
 

Go to link and click Newton’s Third Law, then video. 
http://www.ck12.org/ngss/middle-school-physical-sciences/motion-and-stability:-forces-and-interactions 
Outline the action and reaction demonstrated by the astronauts in the video. Why does wearing the battery pack 
affect the motion of the astronaut named Alexander? 
Describe an example of Newton’s cradle. 
How do space vehicles apply action and reaction forces to blast off? 
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Lead class discuss: 
- State Newton’s third law of motion. 
- Describe an example of an action and reaction. Identify the forces and their directions. 
- Explain why action and reaction forces are not balanced forces. 
Collision Video 
https://www.youtube.com/watch?v=xtxd27jlZ_g&feature=c4-overview-vl&list=PL983889014322C331 
What are the engineers testing in these crash tests? How do you think we can predict the direction of the collisions? 
How does mass impact car collisions? 
 

 
Exploration: Student Inquiry 

 

Newton’s Second and Third Laws of Motion: Bumper Boats Investigation 
In this activity, students will model and describe how mass and acceleration affect forces colliding objects. 
http://betterlesson.com/lesson/634470/newton-s-second-and-third-laws-of-motion-bumper-boats-investigation 
 

 
Explanation: Concepts & Practices 
 

In these lessons: 
Teachers Should: Introduce formal labels, definitions, and explanations for concepts, practices, skills or abilities. 
Students Should: Verbalize conceptual understandings and demonstrate scientific and engineering practices. 
Topics to Be Discussed in Teacher Directed Lessons (Disciplinary Core Ideas): 
PS2.A: Forces and Motion 
For any pair of interacting objects, the force exerted by the first object on the second object is equal in strength to 
the force that the second object exerts on the first, but in the opposite direction (Newton’s third law). 
 
 

 
Elaboration: Extension Activity 

 

Balloon Rockets https://sciencebob.com/make-a-balloon-rocket/ 

Evaluation: Assessment 
 
 
 

 
 

5E Model 
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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. 
 

 
Engage: Anticipatory Set 
 

Begin lesson by carrying out one of the Newton’s Law Demonstrations from the following resource 
http://www.exo.net/~donr/activities/Newton's_Laws_Demonstrations.pdf 
Have students explore the following interactive site. This site will allow students to explore how gravity impacts the 
motion of objects. 
http://www.glencoe.com/sites/common_assets/science/virtual_labs/E25/E25.html 
 

 
Exploration: Student Inquiry 

 

Roller Coaster Physics  
https://www.explorelearning.com/index.cfm?method=cResource.dspView&ResourceID=405 
 
Marble Roll- Let's Move It  
http://it.pinellas.k12.fl.us/Teachers3/gurianb/files/AD5483E493EE4299BDAF1BABAD473540.pdf 
 
Newton's First Law Activities: Activity 3: And They're Off!  
http://swift.sonoma.edu/education/newton/newton_1/html/newton1.html 

 
Explanation: Concepts & Practices 
 

In these lessons: 
Teachers Should: Introduce formal labels, definitions, and explanations for concepts, practices, skills or abilities. 
Students Should: Verbalize conceptual understandings and demonstrate scientific and engineering practices. 
Topics to Be Discussed in Teacher Directed Lessons (Disciplinary Core Ideas): 
PS2.A: Forces and Motion 
The motion of an object is determined by the sum of the forces acting on it; if the total force on the object is not 
zero, its motion will change. The greater the mass of the object, the greater the force needed to achieve the same 
change in motion. For any given object, a larger force causes a larger change in motion. 
All positions of objects and the directions of forces and motions must be described in an arbitrarily chosen reference 
frame and arbitrarily chosen units of size. In order to share information with other people, these choices must also 
be shared. 
 
 

 
Elaboration: Extension Activity 

 

Science of NFL Football: Newton's Second Law of Motion 
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http://science360.gov/obj/video/58e62534-e38d-430b-bfb1-c505e628a2d4/science-nfl-football-newtons-second-la
w-motion 
 

Evaluation: Assessment 
 

 
 
 

 

How can we predict the motion of an object?  

Students use system and system models and stability and change to understanding ideas related to why some objects will keep moving and why objects 
fall to the ground. Students apply Newton’s third law of motion to related forces to explain the motion of objects. Students also apply an engineering 
practice and concept to solve a problem caused when objects collide. The crosscutting concepts of system and system models and stability and change 
provide a framework for understanding the disciplinary core ideas. Students demonstrate proficiency in asking questions, planning and carrying out 
investigations, designing solutions, engaging in argument from evidence, developing and using models, and constructing explanations and designing 
solutions. Students are also expected to use these practices to demonstrate understanding of the core ideas. This unit is based on MS-PS2-1, MS-PS2-2, 
MS-ETS1-1, MS-ETS1-2, MS-ETS1-3, and MS-ETS1-4 

 

# STUDENT LEARNING OBJECTIVES 
CORRESPONDING  

PEs and DCIs  

1 

Apply Newton’s Third Law to design a solution to a problem involving the motion of two colliding objects. * 
[Clarification Statement: Examples of practical problems could include the impact of collisions between two cars, 
between a car and stationary objects, and between a meteor and a space vehicle.] [Assessment Boundary: Assessment 
is limited to vertical or horizontal interactions in one dimension.] (MS-PS2-1) 

PS2-1 

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. [Clarification Statement: Emphasis is on balanced (Newton’s First Law) and unbalanced 
forces in a system, qualitative comparisons of forces, mass and changes in motion (Newton’s Second Law), frame of 
reference, and specification of units.] [Assessment Boundary: Assessment is limited to forces and changes in motion in 
one dimension in an inertial reference frame and to change in one variable at a time. Assessment does not include the 
use of trigonometry.] (MS-PS2-2) 

PS2-2 
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3 

Define the criteria and constraints of a design problem with sufficient precision to ensure a successful solution, taking 
into account relevant scientific principles and potential impacts on people and the natural environment that may limit 
possible solutions. (MS-ETS1-1) 

ETS1-1 

4 
Evaluate competing design solutions using a systematic process to determine how well they meet the criteria and 
constraints of the problem. (MS-ETS1-2) ETS1-2 

5 
Analyze data from tests to determine similarities and differences among several design solutions to identify the best 
characteristics of each that can be combined into a new solution to better meet the criteria for success. (MS-ETS1-3) ETS1-3 

6 
Develop a model to generate data for iterative testing and modification of a proposed object, tool, or process such 
that an optimal design can be achieved. (MSETS1-4) ETS1-4 

 
 

The Student Learning Objectives above were developed using the following elements from the NRC document A Framework for K-12 Science Education: 

Asking Questions and Defining Problems 
 
Asking questions and defining problems in 
grades 6–8 builds on grades K–5 experiences 
and progresses to specifying relationships 
between variables, and clarifying arguments 
and models. 
 
Define a design problem that can be solved 
through the development of an object, tool, 
process or system and includes multiple 
criteria and constraints, including scientific 
knowledge that may limit possible solutions. 
 
Engaging in Argument from Evidence 
 
Engaging in argument from evidence in 6–8 
builds on K–5 experiences and progresses to 
constructing a convincing argument that 

ETS1.A: Defining and Delimiting Engineering 
Problems 
 
The more precisely a design task’s criteria and 
constraints can be defined, the more likely it is 
that the designed solution will be successful. 
Specification of constraints includes consideration 
of scientific principles and other relevant 
knowledge that are likely to limit possible 
solutions. 
 
ETS1.B: Developing Possible Solutions 
 
There are systematic processes for evaluating 
solutions with respect to how well they meet the 
criteria and constraints of a problem. 
 
ETS1.B: Developing Possible Solutions 
 

Influence of Science, Engineering, and 
Technology on Society and the Natural 
World 

 

All human activity draws on natural 
resources and has both short and 
long-term consequences, positive as 
well as negative, for the health of 
people and the natural environment. 
The uses of technologies and limitations 
on their use are driven by individual or 
societal needs, desires, and values; by 
the findings of scientific research; and 
by differences in such factors as climate, 
natural resources, and economic 
conditions. 
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supports or refutes claims for either 
explanations or solutions about the natural 
and designed world. 
 
Evaluate competing design solutions based on 
jointly developed and agreed-upon design 
criteria. 
 
Analyzing and Interpreting Data 
 
Analyzing data in 6–8 builds on K–5 
experiences and progresses to extending 
quantitative analysis to investigations, 
distinguishing between correlation and 
causation, and basic statistical techniques of 
data and error analysis. 
 
Analyze and interpret data to determine 
similarities and differences in findings. 
 
Developing and Using Models 
 
Modeling in 6–8 builds on K–5 experiences 
and progresses to developing, using, and 
revising models to describe, test, and predict 
more abstract phenomena and design 
systems. 
 
Develop a model to generate data to test 
ideas about designed systems, including 
those representing inputs and outputs. 
 

There are systematic processes for evaluating 
solutions with respect to how well they meet the 
criteria and constraints of a problem. 
 
Sometimes parts of different solutions can be 
combined to create a solution that is better than 
any of its predecessors. 
 
ETS1.C: Optimizing the Design Solution Although 
one design may not perform the best across all 
tests, identifying the characteristics of the design 
that performed the best in each test can provide 
useful information for the redesign process—that 
is, some of those characteristics may be 
incorporated into the new design. 
 
ETS1.B: Developing Possible Solutions 
 
A solution needs to be tested, and then modified 
on the basis of the test results, in order to improve 
it. 
 
Models of all kinds are important for testing 
solutions. 
 
ETS1.C: Optimizing the Design Solution The 
iterative process of testing the most promising 
solutions and modifying what is proposed on the 
basis of the test results leads to greater 
refinement and ultimately to an optimal solution. 
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Connections to other DCIs in this grade-band: MS-PS3-3, Physical Science: MS-PS1-6, MS-PS3-3, Life Science: MS-LS2-5, Physical Science: MS-PS1-6, 
MS-PS3-3, Life Science: MS-LS2-5 

Articulation of DCIs across grade-bands: 3-5.ETS1.A ; 3-5.ETS1.C ; HS.ETS1.A ; HS.ETS1.B 

 

Common Core State Standards Connections:  
ELA/Literacy - 
Cite specific textual evidence to support analysis of science and technical texts, attending to the precise details of explanations or descriptions. 
(MS-PS2-1),(MSETS1-1),(MS-ETS1-2) RST.6-8.1 Follow precisely a multistep procedure when carrying out experiments, taking measurements, or performing technical tasks. 
(MS-PS2-1),(MS-PS2-2) RST.6-8.3 Gather relevant information from multiple print and digital sources, using search terms effectively; assess the credibility and accuracy of 
each source; and quote or paraphrase the data and conclusions of others while avoiding plagiarism and following a standard format for citation. (MS-ETS1-1) WHST.6-8.8 
Draw evidence from informational texts to support analysis, reflection, and research. (MS-ETS1-2) WHST.6-8.9 Compare and contrast the information gained from 
experiments, simulations, video, or multimedia sources with that gained from reading a text on the same topic. (MS-ETS1-2),(MS-ETS1-3) RST.6-8.9 Conduct short research 
projects to answer a question (including a self-generated question), drawing on several sources and generating additional related, focused questions that allow for multiple 
avenues of exploration. (MS-ETS1-2) WHST.6- 8.7 

 

Mathematics - 
Reason abstractly and quantitatively. (MS-PS2-1),(MS-PS2-2),(MS-PS2-3),(MS-ETS1-1),(MS-ETS1-2) MP.2 Understand that positive and 
negative numbers are used together to describe quantities having opposite directions or values; use positive and negative numbers to 
represent quantities in real-world contexts, explaining the meaning of 0 in each situation. (MS-PS2-1) 6.NS.C.5 Write, read, and evaluate 
expressions in which letters stand for numbers. (MS-PS2-1),(MS-PS2-2) 6.EE.A.2 Solve multi-step real-life and mathematical problems 
posed with positive and negative rational numbers in any form, using tools strategically. Apply properties of operations to calculate with 
numbers in any form; convert between forms as appropriate; and assess the reasonableness of answers using mental computation and 
estimation strategies. (MS-PS2-1),(MS-PS2-2) 7.EE.B.3 Use variables to represent quantities in a real-world or mathematical problem, and 
construct simple equations and inequalities to solve problems by reasoning about the quantities. (MS-PS2-1),(MS-PS2-2) 7.EE.B.4 Solve 
multi-step real-life and mathematical problems posed with positive and negative rational numbers in any form (whole numbers, fractions, 
and decimals), using tools strategically. Apply properties of operations to calculate with numbers in any form; convert between forms as 
appropriate; and assess the reasonableness of answers using mental computation and estimation strategies. (MS-ETS1-1),(MS-ETS1-2) 
7.EE.3 
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