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Welcome to
CA NGSS Glossary

STEMscopes Glossary

A Framework for K–12 Science Education – A report produced by the National Research Council (NRC) that calls 
for a new approach to science education. This document is the basis for the NGSS.

Performance Expectations (PEs) – A set of expectations or learning goals for what students should be able to do 
by the end of instruction.

Crosscutting Concepts (CCCs) – Concepts that bridge disciplinary boundaries. Their purpose is to help students 
deepen their understanding of the disciplinary core ideas and develop a coherent and scientifically based view of 
the world.

Science and Engineering Practices (SEPs) – Standards that help students emulate behaviors that scientists 
engage in as they investigate and build models and theories about the natural world. These standards also 
include the key set of engineering practices that engineers use as they design solutions and build models 
and systems.

Three-Dimensional Learning – Allowing students to actively engage with the practices and apply the 
Crosscutting Concepts to deepen their understanding of core ideas across science disciplines.

Phenomena – Observable events that students make sense of through their experiences in the  
three dimensions.

STEMscopes – A comprehensive online science curriculum program that is strictly standards-aligned. We offer  
5E + IA lesson plans to teach science concepts to students in grades pre-kindergarten through high school 
biology, chemistry, and physics.

5E + IA – The instructional model used by STEMscopes that includes Engage, Explore, Explain, Elaborate, 
Evaluate, Intervention, and Acceleration.

Segment – A group of scopes organized together with an opening mission and a closing task. Its purpose is to 
provide a coherent storyline between multiple science concepts.

Scope – A 5E + IA lesson plan on the STEMscopes website that addresses a targeted set of standards.

Section – One step in the 5E + IA model, such as Engage or Explore.

Element – Each individual activity; there are multiple elements within each section.

Teacher Toolbox – Various resources and strategies housed on our website for teachers to use at any time.

Visual Glossary – A glossary of all the terms with videos or images used in STEMscopes.

STEMcoach in Action –  A section that is dedicated to promoting a culture of STEM education by providing  
real-time embedded professional development, exemplary resources, and support to science teachers.
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Element Glossary

HOME

ENGAGE

EXPLORE

Student Wondering of Phenomena – Sample questions that students may have of observable  
natural occurrences.
Standards Alignment – A correlation document that shows a scope’s connections to the Next 
Generation Science Standards.
Teacher Background – A resource for the teacher that contains all the essential understandings of 
science content related to the scope.
Answer Keys – A list of answers to various scope activities ranging from multiple choice to open-ended 
response answers.
Materials List – A self-calculating spreadsheet identifying all reusable and consumable materials 
needed in each part of a module.

Investigative Phenomena – An introductory activity that facilitates a connection between the content 
and real-world phenomena and encourages students to ask why or how something happens.
Assessing Prior Knowledge (APK) – A brief probe activity used to gauge students’ understanding and 
uncover preconceptions before starting a lesson.
Graphic Organizer – Note-taking devices that students can use as they move through a scope.
Hook – An engaging activity that motivates students to learn more.

Set-Up Video – A live-shot video that shows the teacher exactly 
how to set up and carry out each Explore hands-on activity.
Explore – Six types of Explore activities (Activity, Engineering 
Solution, Scientific Investigation, Research, Inquiry Investigation, 
and TUVA) that engage students in three-dimensional  
learning activities.
Language Acquisition Strategies – Embedded strategies for 
supporting English language learners during instruction.
Math Moments – Embedded ideas of integrating mathematical 
concepts in your science lessons.
Intervention Strategies – Embedded strategies that can be used to 
help students with communication and physical, cognitive, social/
emotional, and adaptive development limitations.
STEMcoach in Action – Embedded strategies that support teachers 
in implementing various activities.

TUVA Explores 
promote data 
literacy

Intervention Strategies 
Roadblocks

Math Moments

STEMcoach in Action

Language Acquisition 
Strategies

Additional Supports

Element Glossary

Picture Vocabulary – A slide presentation of important vocabulary terms along with a picture 
and definition.

STEMscopedia – Informational text element designed to explain science content.

Linking Literacy – Strategies to help students comprehend difficult informational text.

Communicate Science – A class activity in which students use different forms of communication to 
discuss scientific topics connected to the content of the scope.

Content Connections Videos – Inquiry videos from BBC and STEMscopes that engage students and 
provide contextual meaning to the content of the scope.

Concept Review Game – An interactive game that can be played with a class or individually to help 
students review the science concepts in the scope.

Science Rock – An event in which students can sing standards-based science songs and dance to the tune.

Math Connections – A practice that uses below, at, and above grade-level math activities to address 
a concept.

Reading Science – A reading passage about a concept that includes five comprehension questions 
(available below, at, and above grade level).

Science Today – Authentic, real-world media provided by Associated Press that allows students to interact 
with and explore connections and applications of science content.

Career Connections – STEM careers come to life with these leveled career exploration videos and student 
guides designed to take learning further.

PhET: Simulation Practice – Embedded simulations from the University of Colorado Boulder.

Multiple Choice Assessment – A standards-based assessment in which students select from a list of best 
possible answers.

Open-Ended Response – A short-answer and essay assessment to evaluate mastery of a concept.

Claim-Evidence-Reasoning Assessment – An assessment in which students use evidence and write a 
scientific explanation to show their understanding of a concept.

EXPLAIN

ELABORATE

EVALUATE
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Element Glossary

INTERVENTION

Guided Practice – A guide that shows the teacher how to administer a small-group lesson to students who 
need intervention on the topic.

Independent Practice – A fill-in-the-blank sheet that helps students master the vocabulary of the scope.

Concept Attainment Quiz – A multi-format quiz that assesses concept mastery after intervention has 
been administered.

Science Art – An activity where students use a form of visual art expression to express mastery of the topic.

Extensions – A set of ideas and activities that can help elaborate on the concept.

Books on Topic – A list of trade books aligned with the lesson.

Segment Glossary

Segment – A group of scopes organized together with an opening mission and a closing task. Its purpose is 
to provide a coherent storyline between multiple science concepts.

Mission Log – A document used as students move through the scopes to link content from the scopes to 
their mission.

Action Plan – A task for the students to complete that uses information learned in their scopes to complete 
the objective set in the opening mission.

Parent/Student Introduction Letter – A letter that can be sent home to introduce the parents and the 
students to the mission they will be completing and an overview of the concepts they will learn.

3D Interactive Assessments – Cumulative assessments that evaluate students on multiple PEs.

ACCELERATION

A Three-Dimensional Approach
The California Next Generation Science Standards (CA NGSS) are designed to help students build a cohesive 
understanding of STEM concepts. Students learn to see the connections between all concepts and content 
areas. In the CA NGSS, three “dimensions” of learning are combined in order to create a more powerful 
learning experience. These dimensions include Disciplinary Core Ideas (DCIs), Science and Engineering 
Practices (SEPs), and Crosscutting Concepts (CCCs).

Consists of eight 
defined practices 
that scientists and 
engineers use to 
solve problems 
and explain  
real-world 
phenomena

Ideas that cross 
disciplines and link all 
domains of science

Four core domains of 
scientific knowledge

Three-Dimensional Learning
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A Three-Dimensional Approach
Disciplinary Core Ideas (DCIs)
The key organizing concepts, problem-solving tools, or underlying principles of a discipline.

• Life Sciences (LS)
LS1: From Molecules to Organisms: Structures and Processes
LS2: Ecosystems: Interactions, Energy, and Dynamics
LS3: Heredity: Inheritance and Variation of Traits
LS4: Biological Evolution: Unity and Diversity

• Physical Sciences (PS)
PS1: Matter and Its Interactions
PS2: Motion and Stability: Forces and Interactions
PS3: Energy
PS4: Waves and Their Applications in Technologies for Information Transfer

• Earth and Space Sciences (ESS)
ESS1: Earth’s Place in the Universe
ESS2: Earth’s Systems
ESS3: Earth and Human Activity

• Engineering, Technology, and Applications of Science (ETS)
ETS1: Engineering Design
ETS2: Links among Engineering, Technology, Science, and Society 

Crosscutting Concepts (CCCs)
The underlying themes that have value in all disciplines of science.

• CCC-1: Patterns
• CCC-2: Cause and Effect
• CCC-3: Scale, Proportion, and Quantity
• CCC-4: Systems and System Models
• CCC-5: Energy and Matter
• CCC-6: Structure and Function
• CCC-7: Stability and Change

Science and Engineering Practices (SEPs)
The behaviors that scientists engage in as they investigate and build models and theories about the 
natural world and the key set of engineering practices that engineers use as they design and build 
models and systems.

• SEP-1: Asking Questions and Defining Solutions
• SEP-2: Developing and Using Models
• SEP-3: Planning and Carrying out Investigations
• SEP-4: Analyzing and Interpreting Data
• SEP-5: Using Mathematics and Computational Thinking
• SEP-6: Constructing Explanations and Designing Solutions
• SEP-7: Engaging in Argument from Evidence
• SEP-8: Obtaining, Evaluating, and Communicating Information

A Three-Dimensional Approach

The STEMscopes program contains resources that support teachers as they implement lessons and assess 
learning in all three dimensions. The resources below give teachers the tools they need to help students 
make connections between the Science and Engineering Practices and Crosscutting Concepts as they gain 
understanding of the Disciplinary Core Ideas throughout the year.

Disciplinary Core Ideas

• DCI progression boxes are provided for teachers in each scope so they can see how the content of the DCI 
progresses through the grade bands.

Crosscutting Concepts and Science and Engineering Practices Callouts

• During each scope CCCs and SEPs are called out to help teachers identify opportunities to highlight the 
use of CCCs and SEPs.

Crosscutting Concept Anchor Charts

• The Teacher Toolbox “3D Supports” section contains a separate chart for each Crosscutting Concept 
that can be displayed in the classroom. When students experience or observe an example of one of the 
Crosscutting Concepts, it can be recorded on the chart. Over time, students can reflect on the charts and 
make connections across science disciplines for each Crosscutting Concept.

• Every scope is aligned to all three dimensions of the standards, meaning an example of a Crosscutting 
Concept can be added to a chart during each scope.

Yearlong Inventories for SEPs and CCCs

• The Teacher Toolbox “3D Supports” section contains an inventory sheet for every Science and Engineering 
Practice and Crosscutting Concept that the students will encounter during the school year.

• Teachers use scope-specific rubrics (see below) to assess students' mastery of the SEPs and CCCs 
throughout the year and record their progress on the yearlong inventory.

Segment Inventories for SEPs and CCCs

• The Home section for each Instructional Segment contains an inventory sheet for every Science and 
Engineering Practice and Crosscutting Concept that the students will encounter as they work, though 
the segment.

• Teachers use scope-specific rubrics (see below) to assess students' mastery of the SEPs and CCCs 
throughout the segment. This progress can be recorded later on the yearlong inventory to track 
students' growth.

Scoring Rubrics for SEPs and CCCs

• The Home section for each scope contains a rubric with exemplar students' responses to help teachers 
assess students' mastery of the Science and Engineering Practices and Crosscutting Concepts that are 
addressed within the scope.

• Students' responses are assessed and recorded as novice, emergent, or proficient. As students gain more 
experience with each SEP and CCC, they should progress from novice to proficient.
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Grade 8 Segments Snapshot
STEMscopes NGSS 3D

Each grade level in STEMscopes NGSS 3D is organized into four to six segments. These segments contain 
multiple 5E + IA scopes that together inform an overarching Mission Action Plan. The mission provides 
applications of science to real-world problems that students solve through their understanding and 
application of the segment’s Anchoring Phenomena.

Students explore the science concepts, three dimensions, and importance of Anchoring Phenomena through 
the segment’s scopes and their Investigative Phenomena. The cycle below continues through all the scopes in 
a segment. Once all the scopes are covered, the students will be ready to complete their Mission Action Plan.

Grade 8 Integrated Science Segments Snapshot
The Grade 8 Integrated Science Storyline is organized into four segments:

Segment Summary PEs Scope

1

Segment 
Objects Move and Collide
Anchoring Phenomena Driving Question 
How do unbalanced forces cause sports injuries?
Unit Mission Goal 
Students diagram and label the impacts forces have on sports injuries, 
including collisions, quick stops, and gravity, and they design a device to 
help each patient through the rehabilitation process, prevent the injury 
from happening again, or do both.
Suggested Pacing 
7 Weeks

MS-PS2-1
MS-PS2-2
MS-PS2-4
MS-PS2-5
MS-PS3-1
MS-PS3-5
MS-ETS1-1
MS-ETS1-2

Newton’s Third Law  
of Motion
Changes in Force  
and Motion
Gravitational Forces
Kinetic Energy

2

Segment 
Noncontact Forces Influence Phenomena
Anchoring Phenomena Driving Question 
How can an object influence the motion of another object without 
touching it?
Unit Mission Goal 
Students are part of a shuttle crew completing a one-year (365-day) 
journey in space to collect data. Their primary duty is to create a video log 
of significant discoveries they make throughout their journey.
Suggested Pacing 
9 Weeks

MS-PS3-2
MS-ESS1-1
MS-ESS1-2
MS-ESS1-3
MS-PS2-3
MS-PS2-5

Potential Energy
Earth, Sun, and  
Moon System
Formation and Motion  
of Galaxies
The Solar System
Electric and 
Magnetic Forces
Gravitational Forces 
(mentioned)

3

Segment 
Evolution Explains Life’s Unity and Diversity
Anchoring Phenomena Driving Question 
How do the history of Earth and evidence of evolution give us clues about 
how Earth evolved and how species are similar and diverse?
Unit Mission Goal 
Students create an original organism and determine how it evolved, how it 
added unity and diversity to life through the help of natural selection, and 
how science can predict its age and environment based on clues from rock 
strata and fossils.
Suggested Pacing 
10 Weeks

MS-ESS1-4
MS-LS3-1
MS-LS4-1
MS-LS4-2
MS-LS4-3
MS-LS4-4
MS-LS4-5
MS-LS4-6

Geologic History of Earth
Fossil Record
Embryonic Similarities
Evolutionary History  
and Relationships
Natural Selection
Genes and Proteins
Mutations
Artificial Selection

4

Segment 
Sustaining Local and Global Biodiversity
Anchoring Phenomena Driving Question 
How can interpreting waves be used to measure biodiversity?
Unit Mission Goal 
Students design a device to detect the number of different bat and dolphin 
species on an island uninhabited by humans.
Suggested Pacing 
10 Weeks

MS-ESS1-1
MS-ESS3-3
MS-ESS3-4
MS-PS4-1
MS-PS4-2
MS-PS4-3
MS-LS4-4
MS-LS4-5
MS-LS4-6

Human Impact on  
the Environment
Introduction to Properties 
of Waves
Modeling Waves through 
Various Mediums
Properties of Visible Light
Modeling Light Waves
Digital vs. Analog Signals
Earth, Sun, and Moon 
System (mentioned)
Natural Selection 
(mentioned)
Artificial Selection 
(mentioned)
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Objects Move and Collide

Performance Expectations

Science and Engineering Practices

Crosscutting Concepts

Disciplinary Core Ideas

MS-PS2-1, MS-PS2-2, MS-PS2-4, MS-PS2-5, MS-PS3-1, MS-PS3-5 , MS-ETS1-1, MS-ETS1-2

• Planning and Carrying Out Investigations
• Analyzing and Interpreting Data
• Constructing Explanations and Designing Solutions
• Engaging in Argument from Evidence

• PS2.A: Forces and Motion
• PS3.A: Definitions of Energy
• ETS1.A: Defining and Delimiting Engineering Problems
• ETS1.B: Developing Possible Solutions
• PS2.B: Types of Interactions
• PS3.B: Conservation of Energy and Energy Transfer

• Cause and Effect: Mechanism and Explanation
• Scale, Proportion, and Quantity
• Systems and System Models
• Energy and Matter: Flows, Cycles, and Conservation
• Stability and Change

Grade 8: Segment 1
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Segment 1: Objects Move and Collide is composed of four scopes. Each of these scopes provides the students 
with an opportunity to build their knowledge and start forming ideas that will help them complete their mission 
at the end of this segment and build toward a complete answer to their Anchoring Phenomena question. Students 
will begin with their Anchoring Phenomena, which introduces them to their segment mission of diagramming 
and labeling the impacts forces have on sports injuries, including collisions, quick stops, and gravity, as well as 
designing a device to help each patient through the rehabilitation process, to prevent the injury from happening 
again, or to do both.

The students will then move through multiple scopes in which they will learn the following concepts:
• Newton’s third law involves the motion of two colliding objects.
• A change in an object’s motion depends on the sum of the forces on the object and the mass of the object.
• The gravitational pull on an object depends on its mass.
• The amount of kinetic energy is related to the mass of an object and the speed of an object.

The students will also engage in the Science and Engineering Practices and Crosscutting Concepts listed above 
throughout the scopes in this segment.

Anchoring Phenomena Event: The students will begin by viewing a video of a dog skateboarding, and they will 
participate in a teacher-led discussion about how the dog uses forces to move the skateboard while working against 
gravity and friction. The teacher should then guide the discussion toward how unbalanced forces cause sports injuries.

Anchoring Phenomena Driving Question: How do unbalanced forces cause sports injuries?

Mission Goal: The students’ mission is to diagram and label the impacts forces have on sports injuries, including 
collisions, quick stops, and gravity, as well as to design a device to help each patient through the rehabilitation 
process, to prevent the injury from happening again, or to do both.

Scope Investigative Phenomena Instructional Focus Connection to Segment Mission

Newton’s Third Law 
of Motion

9 Days
What happens when two  
objects collide?

Understand how Newton’s 
third law involves the motion of 
two colliding objects.

How does the concept of action and 
reaction apply to the human body? 
Brainstorm sports movements or 
actions that demonstrate Newton’s 
third law.

Changes in Force 
and Motion

9 Days
Why do some objects require more 
force to move than others?

Describe how a change in an 
object’s motion depends on the 
sum of the forces on the object 
and the mass of the object.

Diagram and label the forces that occur 
when a baseball player hits a fastball.

Gravitational Forces
7 Days

What causes the amount of 
gravitational force to change?

Know that the gravitational pull 
on an object depends on its 
mass.

How does gravity relate to a person’s 
mass? If a person is overweight, what 
body parts will most likely be negatively 
impacted by gravitational force?

Kinetic Energy
7 Days

What is the relationship of mass 
and speed to kinetic energy?

Understand how the amount 
of kinetic energy is related to 
the mass of an object and the 
speed of an object.

Would you rather collide with someone 
your own size, someone larger than 
you, or someone smaller than you? 
Explain your rationale. Would you rather 
collide with someone walking, someone 
running, or someone standing still? 
Explain your rationale.

Grade 8: Segment 1 Snapshot
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Description
Students interact with a video of a dog skateboarding, as the teacher facilitates a discussion to lead students to the 
Anchoring Phenomena Driving Question of this bundle.

Facilitation
Have students view the video of a dog skateboarding. Guide them to generate questions about the forces and motion 
observed and how they impact our lives. Sample anticipated students' questions, or questions a teacher can ask, can 
be found below:
• Why did the skateboard start moving?
• What did the dog do to keep the skateboard moving?
• What forces are acting on the moving skateboard?
• How could the dog make the skateboard increase its speed?
• What happens if the skateboard collides with something?
• What are some other forces that can change the motion of objects?

The goal of this discussion is to move students toward the Anchoring Phenomena Driving Question.

Before the class begins the first scope of this bundle, present and post the Anchoring Phenomena Driving Question: 
How do unbalanced forces cause sports injuries? Share the Mission Briefing from the first page of the Mission Log 
with the class. The Mission Briefing introduces students to the performance task they will be completing at the end of 
the bundle by completing the Action Plan.

You are a sports medicine doctor or orthopedist. Patients come to you with a wide variety of sports-related injuries. 
Use their reports to diagram the forces that caused the injury to each body part. Then design a device to help each 
patient through the rehabilitation process and/or prevent the injury from happening again.

The Mission Log will be used to link the content from the scopes to the Anchoring Phenomena and the performance 
task found in the Action Plan.

Anchoring Phenomena
Description
Students diagram and label the impact that forces have on sports injuries, including collisions, quick stops, and 
gravity, and design a device to help each patient through the rehabilitation process and/or prevent the injury from 
happening again.

Materials
1 Mission Log (per student or group)
1 Action Plan (per student or group)

Facilitation
1.  Before the class begins the first scope of this bundle, remember to do the Anchoring Phenomena Event. Present 

and post the Anchoring Phenomena Driving Question and Mission Briefing. This Mission Log will be used to link 
the content from the scopes to the mission.

2.  Give students the Mission Logs after the completion of the first scope of this bundle, and answer the questions 
that go with that scope. This activity can be led by the teacher, done in groups, or completed individually. 
This process should be repeated at the end of each scope. Consider creating an anchor chart that looks like the 
Mission Log to keep posted in the room. The scopes in this bundle include the following:
• Newton’s Third Law of Motion
• Changes in Force and Motion
• Gravitational Forces
• Kinetic Energy

3.  After all the scopes have been completed, tell students that they will complete the Action Plan; diagram and label 
the impact forces have on sports injuries, including collisions, quick stops, and gravity; and design a device to help 
each patient through the rehabilitation process and/or prevent the injury from happening again.

4. Have students use their completed Mission Logs to help them create their action plans.
5.  Hand out students’ Action Plan pages and have them complete their tasks. This can be done individually, in pairs, 

or in groups.

Teacher Guide

SA
MP
LE



SEGMENT 1: OBJECTS MOVE AND COLLIDE SEGMENT 1: OBJECTS MOVE AND COLLIDE
Newton’s Third Law of Motion Newton’s Third Law of Motion

SC
OP

E

SC
OP

E1 1

© Accelerate Learning Inc. - All Rights Reserved© Accelerate Learning Inc. - All Rights Reserved 1918

The above illustrates how we integrate the three dimensions through the scope. As we know that opportunities 
naturally occur to model other Crosscutting Concepts and Science and Engineering Practices in many ways, we only 
call out the ones directly aligned to the NGSS Framework here.

Three-Dimensional Learning

Performance Expectations
MS-PS2-1: 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-ETS1-1: 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-ETS1-2: Evaluate competing design solutions using a systematic process to determine how well they meet the 
criteria and constraints of the problem.

Disciplinary Core Ideas Science and Engineering Practices Crosscutting Concepts
ETS1.A 
ETS1.B
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)

Constructing Explanations and 
Designing Solutions 
Apply scientific ideas or principles 
to design an object, tool, process, or 
system. (MS-PS2-1)

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. (MS-PS2-1)

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.

• All the elements found in the Newton’s Third Law of Motion scope are 
designed to address the subelement for PS2.A.

• Students begin the scope by using common board games and images to 
identify the parts and aspects of a system and their interactions.

• Students go on to be introduced to spring scales as an instrument to 
measure force and the newton as a unit of force.

• Then, students rotate through stations to observe Newton’s third law of 
motion.

• Finally, students design a solution for protecting a vehicle and a stationary 
object during a collision.

Science and Engineering Practices

• Constructing Explanations and 
Designing Solutions 
Apply scientific ideas or 
principles to design an object, 
tool, process, or system.

• In Explore 3, students design a solution for protecting a vehicle and a 
stationary object during a collision.

Science and Engineering Practices – Scoring Rubric

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.

• In the Hook, students use common board games and images to identify 
the parts and aspects of a system and their interactions.

• In Explore 2, students model Newton’s Third Law of Motion during 
the stations.

Crosscutting Concepts – Scoring Rubric

Three-Dimensional Learning (Continued)

ETS (Engineering, Technology, and the Applications of Science)
• MS-ETS1-1 

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

• Explore 3 is an Engineering Solution. Here, students 
design a solution for protecting a vehicle and a 
stationary object during a collision, using the 
engineering design process.

The above illustrates how we integrate the three dimensions through the scope. As we know that opportunities 
naturally occur to model other Crosscutting Concepts and Science and Engineering Practices in many ways, we only 
call out the ones directly aligned to the NGSS Framework here.SA
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Category K–2 3–5 Middle School High School

PS2.A: Forces and 
Motion

Pushes and pulls 
can have different 
strengths and 
directions and can 
change the speed or 
direction of its motion 
or start or stop it.

The effect of 
unbalanced forces 
on an object results 
in a change of 
motion. Patterns of 
motion can be used 
to predict future 
motion. Some forces 
act through contact; 
some forces act even 
when the objects are 
not in contact. The 
gravitational force of 
Earth acting on an 
object near Earth’s 
surface pulls that 
object toward the 
planet’s center.

The role of the mass 
of an object must 
be qualitatively 
accounted for in any 
change of motion due 
to the application of  
a force.

Newton’s 2nd law  
(F = ma) and the 
conservation of 
momentum can 
be used to predict 
changes in the  
motion of  
macroscopic objects.

Prior Knowledge and Progression
By the end of Grade 5, students should know that each force acts on one particular object and has both a strength and 
a direction. An object at rest typically has multiple forces acting on it, but they add together to give zero net force on 
the object. Forces that do not sum to zero can cause changes in the object’s speed or direction of motion. (Boundary: 
Qualitative and conceptual, but not quantitative addition of forces are used at this level.)

Students should understand that the patterns of an object’s motion in various situations can be observed and measured; 
when past motion exhibits a regular pattern, future motion can be predicted from it. (Boundary: Technical terms, such as 
"magnitude," "velocity," "momentum," and "vector quantity," are not introduced at this level, but the concept that some 
quantities need both size and direction to be described is developed.)

Scope Overview
This scope begins with the introduction to the student Investigative Phenomena in the Engage section. Students will 
use their Graphic Organizers as their note-taking devices to record the information gained in each section as they 
begin to form a conceptual model of the content as they move through the scope. The teacher uses the Accessing 
Prior Knowledge (APK) element to help pull out students’ current knowledge levels as well as any preconceptions they 
have before beginning the scope. In this Newton’s Third Law of Motion APK, students demonstrate their knowledge 
of Newton’s third law of motion by examining an illustration, selecting which of four descriptions best explains what 
is occurring in the illustration, and then explaining the reasoning for their choice. This will help uncover possible 
preconceptions students have before beginning the lesson. Teachers can keep any such preconceptions in mind as they 
move through the scope. The final element in the Engage section is the Hook. Here, the students start with their first 
experience with the content. They will build on their knowledge as they continue moving through the scope.

Students then dig deeper into the content through the three Explore activities. In Explore 1, they are introduced to spring 
scales as an instrument to measure force and the newton as a unit of force. In Explore 2, students rotate through six 
stations to observe Newton’s third law of motion. In Explore 3, students design a solution for protecting a vehicle and a 
stationary object during a collision. Explore 2 includes a formative CER assessment to help the teacher gauge students' 
understanding at that point. By the end of the Engage and Explore activities, students should be able to design a solution 
for protecting a vehicle and a stationary object during a collision. Students should also be able to define the relevant 
scientific principles and potential impacts on people and the natural environment that may limit possible solutions. 
Finally, students evaluate competing design solutions, using a systematic process to determine how well they meet the 
criteria and constraints of the problem.

Students will continue to refine their knowledge of the content as they move through the elements in the Explain and 
Elaborate sections. Teachers can use any or all of the provided elements. We know that most classrooms have limited 
time, so teachers should choose the Explain and Elaborate elements that best fit the needs of their students. The teacher 
can then formally assess the students’ understanding by using any of the three summative assessments provided in the 
Evaluate section. If the students require additional help gaining proficiency with the content, resources can be found in 
the Intervention section. Students who have achieved mastery of the concept can move over to the Acceleration pieces.

Documents are available to help the teacher assess the CCCs and SEPs taught in this scope. These are located in the 
Home section of each scope. Question prompts or artifacts to look for throughout the scope are provided, as well as 
sample answers to help the teacher plot students’ understanding on the rubric. The information that is gathered on these 
forms can be used to track progress on the CCC and SEP Segment Inventory of Skills found in each segment and on the 
CCC and SEP Yearlong Inventory of Skills document located in the Teacher Toolbox.
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Phenomena

Scope Timeline

Students begin this scope by viewing a video of a kid kicking a soccer ball and are encouraged to try to 
generate questions and answers as to why it hurts your foot to kick a soccer ball without shoes. As students 
move through the scope and investigate the Student Wondering of Phenomena question above they 
will be doing many activities to learn the information needed to describe the events happening in the  
Investigative Phenomena.
Throughout the scope students will interact with the following everyday phenomena:
• What are the parts of a system, and how do they interact?
• How can we measure forces?
• How can we observe Newton’s third law of motion?
• How can you apply Newton’s third law of motion to protecting a driver during a crash?
Students will then apply what they have learned and how their thinking has changed on the Student 
Wondering of Phenomena question, “What happens when two objects collide?” to complete the  
Claim-Evidence-Reasoning assessment.
The knowledge and skills students gain during this scope will be anchored to their Mission using the Mission 
Log, and students will use it to complete their Mission Action Plan.

Student Wondering of Phenomena
What happens when two objects collide?

45 min

ENGAGE

APK CERHOOK OER MCTEACHER 
CHOICE

TEACHER 
CHOICE

EXPLORE EXPLAIN ELABORATE EVALUATE

6 hrs 2 hrs 1 hr 1 hr
1 2 3

Newton’s Third Law of Motion
In every interaction, including collisions, a pair of forces 
are acting on the two interacting objects. The size of the 
force acting on one object equals the size of the force on the 
second object. The direction of the force on the first object is 
opposite to the direction of the force on the second object. 
In the image on the right, the force of the foot kicking the 
soccer ball is equal to the force of the soccer ball pushing 
back on the foot. The soccer ball has less mass than the foot, 
so its acceleration is much greater as it goes flying across the 
soccer field. Forces always come in pairs—equal and opposite 
action-reaction force pairs. Newton’s third law of motion can 
be the most difficult of the three laws to understand, if not 
thought of as force actions on pairs of interacting objects. The first two laws act on individual objects. The first 
law, the law of inertia, examines motion when there is no force. The second law examines motion when there 
is a force, with force = mass x acceleration. The third law involves the effect of forces when objects interact 
with each other. When one object exerts a force on a second object, the second object exerts an equal force in 
the opposite direction on the first object. Another way to say it is:

For every action (force), there is an equal and opposite reaction (force).

For interacting objects, the force applied by one on the other results in the second object applying the same 
amount of force, in exactly the opposite direction, back on the original object. The most important underlying 
concept for students' understanding is that the two forces, the action force and the reaction force, are each 
acting on different objects.

Action-reaction forces are always equal and opposite for two 
objects interacting. However, the resulting motion is affected 
by each object’s mass and/or composition. Colliding objects 
experience forces that are equal in magnitude and opposite 
in direction. These forces can result in one object speeding 
up (gaining momentum) and the other object slowing down 
(losing momentum). While the forces are equal in magnitude 
and opposite in direction, the accelerations of the objects 
are not always equal in magnitude. According to Newton’s 
second law of motion, the acceleration of an object depends 
upon both force and mass so that force = mass x acceleration. 
Colliding objects with unequal masses will have unequal 
accelerations from the collision contact force. For example, 
when a golf club hits a golf ball, both the club and ball 
experience equal forces. However, the ball has greater acceleration due to its smaller mass. In a collision, there 
is a force that causes an acceleration of both objects equal in magnitude and opposite in direction, and the 
least massive object, such as a golf ball, has the greatest acceleration.

Teacher Background
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In another example, when a ball is dropped, Earth’s gravitational force pulls 
the ball toward the ground as the action force. At the same time, the ball exerts 
an equal force on Earth as a reaction force. The action force and the reaction 
force are the same size but opposite in direction. The result of the action force 
is the ball falling to the ground. The amount Earth is pulled upward is very small 
and is not visible because the two equal forces are acting on objects with very 
different masses. According to Newton’s second law of motion, a large mass will 
accelerate less than a small mass when you apply the same amount of force. 
That means the same amount of force acts on the ball and on Earth, but Earth’s 
mass is much greater than the ball’s. Consequently, Earth’s acceleration is so 
much smaller than the ball’s that it is almost impossible to measure.

Students are typically familiar with contact forces such as colliding football 
players or rear-end collisions between vehicles. Action-at-a-distance forces—
gravitational, electric, and magnetic—are more difficult to conceptualize. A cart 
moving from the highest hill of a roller coaster is not in direct contact with Earth, 
yet action-reaction forces exist between them. The cart exerts a gravitational pull 
on Earth, and Earth exerts an equal and opposite pull on the cart. A ball thrown 
in the air is another example of action-at-a-distance forces between the ball and Earth.

The Moon’s orbit of Earth demonstrates the unequal action-at-a-distance forces between the two objects. 
The (smaller) Moon and (larger) Earth obey Newton’s third law of equal and opposite action-reaction and at a 
distance gravitational force. However, the effect on the two objects, the motion of orbit, is different due to their 
different masses. Objects with magnetic fields can apply action-at-a-distance paired forces; two magnets can be 
attracted or repelled. Electrically charged objects with electric fields can also demonstrate action-at-a-distance 
attraction or repulsion forces between objects. The action-reaction of gravitational force pairs are equal and 
opposite. The motion effect of the pair is dependent upon the mass and strength of the gravitational field. The 
action-reaction force pairs are also equal and opposite between interacting magnetic and electrically charged 
objects. Similar to gravitational pairs, the motion effects are dependent on the strengths and charges of the 
magnetic or electrical fields.

Summary of Action-Reaction Facts
• The action force acts on one object; the reaction force acts on a 

second object.
• The action and reaction forces occur at exactly the same moment.
• The action and reaction forces are equal in magnitude (same 

amount of force).
• Action-reaction forces occur in the opposite direction; for example, 

left/right or up/down.
• Action-reaction force pairs are interchangeable. It does not matter 

which force is called the action or the reaction force.
• The two forces do not cancel each other out because they are acting 

on different but interacting objects.

Teacher Background (Continued) Teacher Background (Continued)

Some examples of colliding objects:
• If one of the pairs of objects is much more massive than the other object, you will only see the less massive 

object move.
• When two objects are moving in the same direction and a collision occurs, the momentum of the slower 

object speeds up and the momentum of the faster object slows down.
• When one object is moving and collides into a nonmoving object, all the momentum is transferred to the 

nonmoving object.
• When one object is moving, collides, and continues moving while connected to another object, 

the momentum gets evenly split between the two moving objects.
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5E Activity Assessment Options Notes and Suggestions

Planning Home
Standards Alignment
Teacher Background
Materials List
Answer Keys

Take note of which Explore 
activities you will assess 
using the CCC and SEP 
rubrics for this scope.

In addition to the Home elements listed on the left, it is 
essential to read the lesson plans and watch the set-up 
videos for each hands-on activity under Engage and Explore.
Optional: Introduce the Anchoring Phenomena and Mission 
Brief from the Mission Log within the Segment Resources.

Day 1 Engage

Graphic Organizer
Accessing Prior 
Knowledge
Investigative 
Phenomena
Hook – What  
Is a system?

Accessing Prior Knowledge

The Graphic Organizer is just introduced on this day 
and can serve as a class anchor chart or as a student 
note-taking template throughout the scope.
Accessing Prior Knowledge is a formative pre-assessment 
and should not be graded for mastery.

Day 2

Explore Explore 1: Activity– 
How Can We Measure 
Forces?
Content Connections 
Video: Laws of Force 
and Motion
Picture Vocabulary

Student Journal Responses 

English Language 
Development: Compare 
and Contrast

Optional: Use the Content Connections Video found under 
Explain to help you review/explain this content to students 
before/during the activity if needed.
The ELD Strategy activity can be used as an Exit Ticket.
Revisit the Investigative Phenomena from Day 1 and invite 
students to connect what they learned to the phenomena.

Explain

Day 3 + 4

Explore
Explore 2: Action 
Reaction Contact 
Forces Lab
STEMscopedia
Linking Literacy

Student Journal Responses
Embedded CER in Explore 2
STEMscopedia: Try Now
Linking Literacy: Two 
Minute Paper

Assign STEMscopedia reading as homework. If there is 
time during class, use the pre-reading strategy Application 
Introductions from Linking Literacy to prime students for 
independent reading.
Page 5 of the STEMscopedia contains a ‘Try Now’ activity 
that can be done during morning tutorials or when extra 
time allows.
Revisit the Investigative Phenomena from Day 1 and invite 
students to connect what they learned to the phenomena.

Explain

Day 5 + 6 Explore
Explore 3: 
Engineering 
Solution–Shock 
Absorber

Student Journal Responses
SEP Rubric

Students will be following the Engineering Design Process 
(located in the Print Files).
Utilize additional engineering resources in STEMcoach in 
Action: Click on ‘Visit Site’ button
Revisit the Investigative Phenomena from Day 1 and invite 
students to connect what they learned to the phenomena. 

Day 7 Explain
Communicate 
Science: Creative Skit
Concept  
Review Game

Communicate  
Science Rubric
Graphic Organizer

Use Content Review Game as a warm-up or  
bell-ringer activity.
The Graphic Organizer from Engage makes a great 
formative assessment at this point in the scope.
Revisit the Investigative Phenomena from Day 1 and invite 
students to connect what they learned to the phenomena.

This sample lesson plan is intended to illustrate one way to implement the scope. 
STEMscopes CA NGSS 3D is a flexible curriculum that can be modified to fit practically any schedule.

“Essential Track” elements are listed in blue 
and should be prioritized when time is short.

Student Wondering of Phenomena: What happens when two objects collide?

8th Grade | Segment 1: Objects Move and Collide |
Scope 1: Newton’s Third Law of Motion

Student Wondering of Phenomena: What happens when two objects collide?

8th Grade | Segment 1: Objects Move and Collide |
Scope 1: Newton’s Third Law of Motion (Continued)

5E Activity Assessment Options Notes and Suggestions

Day 8*
*Optional 

Activities for 
Extension/

Differentiation

Elaborate
Teacher or student 
choice!
PhET: Simulation 
Practice – Gravity 
Force Lab

Utilize the Math Connections and Reading Science in your 
designated Math and Reading blocks.

Intervention Guided Practice Independent Practice
Concept Attainment Quiz

Building an extra day into your plan allows time to work 
with struggling students using the activities from the 
Intervention element before moving to  
summative assessment.
Students who need more support can work with the 
teacher in small groups while other students are working 
on Elaborate or Acceleration elements or reviewing material 
from previous days.

Acceleration Science Art Activity– 
Flip Book Forces

You can also move the summative evaluation up a day, 
which leaves time for Intervention/Acceleration after if 
necessary.

Day 9 Evaluate

Multiple Choice 
Assessment
Open-Ended 
Response
Claim-Evidence-
Reasoning

Summative Assessments: 
MCA, OER, CER

The Investigative Phenomena introduced on Day 1 and 
used throughout the scope directly ties into the summative 
CER assessment. Use the Investigative Phenomena to 
prime students for this final assessment.
After completing the scope, go back to the Mission Log 
and have students complete the Graphic Organizer – 
Information Gained and Connection to the Mission.

This sample lesson plan is intended to illustrate one way to implement the scope. 
STEMscopes CA NGSS 3D is a flexible curriculum that can be modified to fit practically any schedule.

“Essential Track” elements are listed in blue 
and should be prioritized when time is short.
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ENGAGE

HOME

EXPLAIN ELABORATE EVALUATEEXPLORE

Set the stage for learning with real-world 
phenomena that students make sense of 
throughout the scope.
Resources/Materials: Student Handout
Time: 10-minute introduction, then a few minutes 
each day after instruction

In this activity, students demonstrate their 
knowledge of Newton’s third law of motion by 
examining an illustration, selecting which of four 
descriptions best explains what is occurring in the 
illustration, and then explaining the reasoning for 
their choice.
Resources/Materials: 
1 Newton’s Third Law of Motion (per student)
Time: 15–30 minutes

The Graphic Organizer is a note-taking device 
students can use as they move through this scope.
Resources/Materials: Student Handout
Time: 10-minute introduction, then a few minutes 
each day after instruction

Students use common board games and images to 
identify the parts and aspects of a system and  
their interactions.
Resources/Materials:  
1 What Is a System? (per student)  
1 System Pictures (per group)  
1 Board game (per class)*  
*Board game should have interacting parts, such as 
Mouse Trap, Perfection, or Hungry Hungry Hippos.
Time: 45 minutes

Student Wondering of Phenomena: What happens when two objects collide?

Teacher Background: A resource for the teacher that contains all the essential 
understandings related to the scope.
Standards Alignment: A correlation document that shows a scope’s 
connections to NGSS and the Common Core.
Answer Keys: A list of answers ranging from multiple choice to potential 
open-ended response answers.
Materials List: A self-calculating spreadsheet to identify all reusable and consumable material needed in each part 
of the module.

This section provides 
all of the resources 
needed to understand 
the content covered and 
prepare for instruction.

Launch the scope with these 
engaging resources!

Give context for student learning with 
real-world phenomena!

Investigative Phenomena

Accessing Prior Knowledge

Graphic Organizer

Hook

Hands 
On!

Description
In this activity, students demonstrate their knowledge of Newton’s third law of motion by examining an illustration, 
selecting which of four descriptions best explains what is occurring in the illustration, and then explaining the 
reasoning for their choice.

Materials
Printed
1 Newton’s Third Law of Motion (per student)

Preparation
•   Print one copy of Newton’s Third Law of Motion for each student.

Facilitation
1. Distribute copies of Newton’s Third Law of Motion to each student, and have them consider what they have 

learned in the past about this topic.
2. Introduce the following vocabulary:

a. Motion: the change in an object’s position with respect to time and in comparison to the position of other 
objects used as reference points

3. Direct students’ attention to the illustration of the book and the table. Have them read each of the choices below 
the illustration and choose the statement that makes the most sense.

4. Once students choose their answer, have them justify their thinking.
5. Have students share their ideas with an elbow partner.
6. After a few minutes, allow students to share their thoughts with the class.
7. Monitor students’ discussions for preconceptions. It is okay if the students do not know the correct answer at 

this point.

Preconceptions
These preconceptions can be addressed as students move through the scope; they do not need to be clarified at this 
point. Be sure to keep in mind the preconceptions uncovered during this APK as you move through the scope.
•   When hearing “every action has an equal and opposite reaction,” students may think that the idea of “action and 

reaction” in this case is the same as “cause and effect” in the literary sense. 
In this case, we are talking about action and reaction forces, not a cause and effect. The action is one object 
exerting a force on a second object, and the reaction is the second object exerting a force back on the original 
object. This can be a difficult concept for students because we cannot see forces; we can only see the results of 
forces (i.e., changes in motion). For instance, let’s take the example of kicking a soccer ball. In reality, your foot 
exerting a force on the ball is the action (proof is that the ball moves), and the reaction is the ball exerting a force 
back on your foot (proof is that your toe may hurt if you kick it too hard). Students, however, may want to say 
that kicking the ball is the action, and the reaction is the ball flying across the field. This preconception addresses 
Newton’s second law, which states that when a force is applied to an object, the object will accelerate in the 
direction that the force was applied. The key here is that the forces have to be in opposite directions.

Accessing Prior Knowledge
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•   Students may think that passive objects, such as a table or a chair, do not exert force. 
Forces result from interactions. Whenever objects A and B interact with each other, they exert forces upon each 
other. When you place a book on a table, the book exerts a downward force on the table and the table exerts an 
upward force on the book. There are two forces resulting from this interaction. These forces are called action and 
reaction forces.

•   Students may think a force is a property of an object or something that resides within an object. 
A force is an interaction between objects; it is not a property of an object. Objects do not move because of internal 
forces; they move due to the external forces that occur when two objects interact.

•   Students may think that if a larger, faster object collides with a smaller, slower object, the forces exerted are not 
equal and opposite.  
If a small car collides with a large truck, the force exerted on the car by the truck will be equal and opposite the 
force exerted on the truck by the car. The car may bounce back with more acceleration, but that is because the car 
has less mass. The car may sustain more damage but that is because it has less structural strength than the truck. 
The forces on each colliding object are equal and opposite.

•   Students may think if the forces on an object are balanced, it cannot accelerate or move. 
As a boat is moving along, the force of the motor’s thrust is equal and opposite to the force of the water to propel 
the boat. If the force of the water on the boat is being balanced by drag forces so that the net force on the boat is 
zero, the boat cannot accelerate. This means the boat will continue along at a constant speed in a straight line. 
Zero net force does not allow acceleration, so the object will continue on with the exact motion it already has, 
whether that be at rest or in motion at a certain speed in a certain direction.

Accessing Prior Knowledge (Continued)
Everyday Phenomena
What are the parts of a system, and how do they interact?
Description
Students use common board games and images to identify the parts and aspects of a system and their interactions.
Materials
Printed
1 What Is a System? (per student)
1 System Pictures (per group)
Reusable
1 Board game (per class)
Preparation
• Print What Is a System? for each student.
• Print System Pictures for each group. You can laminate this page or put it in a sheet protector so it can be reused.
• Find a board game that you want to use and go through it to understand how the game works and how it will 

relate to this activity.
Procedure and Facilitation Points
1. Discuss:

a. What do you think of when you hear the term "system"?  
A system is a group of interacting or interdependent elements forming a complex whole, as in all the factors or 
variables in an environment or all the variables that might affect a science experiment.

b. Introduce the following vocabulary:
i. What do we mean when we say interacting objects or elements?  

Objects or elements that affect one another
ii. When objects interact, forces are applied by and to those objects. What is a force?  

A push or pull that can change the motion of an object

2. Take out the board game; allow 2–4 students (depending on the game) to come to the front of the room to 
demonstrate how the game functions.

3. Discuss:
a. What determines how the pieces and the processes of the game are related?  

The rules of the game determine how the pieces and processes of the game are related.
b. How are the physical boundaries of the system set?  

You define the game’s boundaries by setting it up somewhere like a tabletop, playing mat or board, inside a 
box, etc. Then, concentrate on the parts and processes within the game system so you can win.

4. Allow students time to complete Part I questions on What Is a System?

Hook

*Board game should have interacting parts, such as Mouse Trap, Perfection, or Hungry Hungry Hippos.
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5. Discuss (sample answers provided are for Hungry Hungry Hippos):
a. What are the parts of the system?  

The parts of the system include the hippos, the marbles, and the players.
b. What is the boundary for the system?  

The boundary of the system is the table or play area where the game is resting.
c. When this system is working, what does it do? (What is the goal of the game? How is the game won?)  

The marble is released, and the players move their hippos in order to grab or “eat” the marbles. The hippo that 
eats the most marbles wins.

d. For this system to work, how does the player provide input to the system?  
How is force applied to the system in order to make something happen?  
The player pushes the lever down, and the hippo’s mouth opens. When the lever is released, the mouth closes 
and pulls the marble into the holding space.

e. Identify at least two parts of the system that must interact if the system is to function.  
Describe how they interact.  
Two parts that interact with each other are the player and the lever that they push down to operate the 
hippo. The player affects the lever by pressing on it. The lever affects the player by applying a force back. 
This is apparent because after the player plays (by pushing the lever really fast over and over), the ends of the 
player’s fingers may be a little red from hitting the lever.

f. Can a part be removed and the system still function? Explain.  
All parts of the system are needed for the system to function. If there are no players, the game just sits there 
not moving. If there are no hippos, there is nothing to catch the marbles. If there are no marbles, there is no 
goal for the players to achieve with the hippos.

6. Pass out System Pictures to each group.
7. Allow the group time to work together to answer Part II questions on What Is a System?
8. Discuss:

a. What are the parts of the system?  
Required parts of the system are the car, ramp, and gravity.

b. What is the boundary for the system?  
The boundary is the ramp, tabletop, and immediate environment around the setup. It could be thought of as 
an imaginary “bubble.”

c. When this system is working, what happens?  
This system works as the car rolls down the ramp.

d. For this system to work, how is input or force introduced?  
Gravity provides the force to pull the car down the ramp.

e. Identify at least two parts of the system that must interact if the system is to function.  
Describe how they interact.  
The ramp and the tires of the car interact with each other. The ramp may provide some friction for the tires, 
and the tires also provide friction. Depending on how steep the ramp is, the car will move at different speeds 
due to the effects of gravity.

f. Can a part be removed and the system still function? Explain.  
All parts of the system are needed for the system to function. If there were no wheels, the car would not roll. If 
there were no ramp and the car were just on a flat surface, the effect of gravity wouldn’t move the car. If there 
were no gravity, the car wouldn’t roll down the ramp.

Hook (Continued)

Students rotate through stations to observe Newton’s third law  
of motion.
Resources/Materials:  
1 “Action-Reaction” Contact Forces (per student or group)  
2 Assembly Instructions (per class)  
1 Station Instructions (per class)  
1 “Action-Reaction” Contact Forces CER (per student) 
1 Bottle, filled with metal nuts (per class)  
3 Bolts, small diameter, round head, 1" (per class)  
6 Washers, to fit 1" bolts (per class)  
1 Balsa wood, flat 14 cm x 10 cm, 0.5" thick (per class)  
1 Toy car, pull-back, self-winding (per class)  
1 Ball of modeling clay, size of ping-pong ball (~30 g) (per class)  
1 Box, long, smooth bottom, no flaps (per class)  
1 Piece of cardboard, long, half the long length of the box,  
15 cm wide (per class) 
*Alternately: heavy-weight, black plastic garbage bag stuffed with towels  
**Smaller rubber bands create a better result.

In this activity, students are introduced to spring scales as an instrument 
to measure force and newton as a unit of force.
Resources/Materials:  
1 How Can We Measure Forces? (per student)  
Sand, 600 g (per group)  
2 Spring scales, 5-N (per group)  
3 Binder clips (per group) 
3 Plastic, resealable, sandwich-size baggies (per group)  
1 Roll of masking tape (per teacher)  
1 Digital bathroom scale (per teacher)  
2 Balances or digital scales (per teacher)
Time: 45 minutes + 3 days sustained inquiry

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

STEMcoach in Action 
Addressing Student Misconceptions

Language Acquisition 
Compare and Contrast

Math Moment 
Integers

STEMcoach in Action 
Establishing Cooperative Learning

Language Acquisition 
Claim-Evidence-Reasoning

Explore 1: Activity

Three Dimensional!

Additional Supports

Student Wondering of Phenomena: What happens when two objects collide?

Students work together to construct 
their own understanding of the content.

Hands 
On!

Explore 2: Activity

Additional Supports

Hands 
On!

Area, open, smooth floor (per class) 
2 Rubber bands (per group)**  
2 Floor scooters (per class)  
1 Ping-pong ball (per class)  
1 Meter stick (per class)  
1 Medicine ball (per class)* 
1 Electric drill (per class)  
1 Saw (per class) 
Salt, 10 g (per group)  
1 Balloon (per group)  
1 Drill bit (per class) 
3 Nuts, to fit 1" bolts (per class) 
2 Spring Scales, 10-N (per class) 
20 Marbles, same size (per class) 

Embedded questions and 
sample students' responses!

Time: 2 hours

Don’t forget to use the Explain 
elements to support student 
learning as they explore!
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Students will use the scientific knowledge they gained as well as the 
21st Century Skill of Creativity and Innovation to design a solution for 
protecting a vehicle and a stationary object during a collision.
Resources/Materials:  
1 Shock Absorber (per student)  
1 Engineering Design Process (per student) 
1 Computer (per group)  
1 Ruler, metric (per group)  
1 Push/Pull spring scale (per group)  
1 Pair of scissors (per group)  
1 Toy car (per group)* 
1 Push spring scale (per group)  
1 Sheet, graph paper (per group)  
3 Toilet paper cores (per group)  
1 Roll, duct tape (per class)  
1 Scrap of cardboard, 1' x 1' (per group)  
Access to an assortment of maker materials for device**  
*The toy cars need to be large enough for designed safety features to  
be attached. 
**Students will need an assortment of maker materials to experiment 
with. Things that absorb shock would be ideal, e.g., cork, rubber, 
Styrofoam, and cotton.
Time: 3 hours

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

STEMcoach in Action 
Developing Engineering Solutions

Language Acquisition 
Presentation Strategies

Student Wondering of Phenomena: What happens when two objects collide?

Explore 3: Engineering Solution

Additional Supports

Hands 
On!

Check out the full facilitation 
instructions online!

Activity: How Can We Measure Forces?
Everyday Phenomena
How can we measure forces?
Description
In this activity, students are introduced to spring scales as an instrument to measure force and newton as a unit 
of force.
Materials
Printed
1 How Can We Measure Forces? (per student)
Reusable
Sand, 600 g (per group)
2 Spring scales, 5-N (per group)
3 Binder clips (per group)
3 Plastic, resealable, sandwich-size baggies (per group)
1 Roll of masking tape (per teacher)
1 Digital bathroom scale (per teacher)
2 Balances or digital scales (per teacher)
Preparation
• Print How Can We Measure Forces? for each student.
• Label three plastic resealable bags as Small, Medium, and Large.
• Measure the corresponding amounts of sand into each bag using the digital balance and seal closed (Small–100 g, 

Medium–200 g, Large–300 g). Be sure to measure with the binder clip on the scale, so this is taken into 
consideration.

• Attach the binder clip to the top of each closed bag.
• Place a piece of masking tape over the gram measurement scale on the 5-N spring scale for each group in the class 

(prevents unit confusion).
• Check each spring scale with the prefilled sandbags to see that they accurately measure about 1 N, 2 N, and 3 N, 

and recalibrate if necessary.
Procedure and Facilitation Points
1.  For Part I, the teacher pushes down on the digital bathroom scale and has a student read out the weight in 

pounds. Record the number on the board for the rest of the class to see.

Explore 1
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2. Discuss:
a.  What does a scale like this measure?  

Weight: the downward pull of gravity on an object
b.  You can explain to them that weight actually depends on the mass of the object and the force of gravity in that 

location. For example, you can increase the weight of a shopping cart by adding groceries to increase its mass 
or by placing the cart on a planet with stronger gravity. Note: Students do not need to know how to calculate 
weight using mass and acceleration due to gravity (9.8 m/s2).

c.  Now you can talk about how we will shift to thinking about FORCE in newtons instead of pounds. In order to 
do that, we have to convert.

3.  Work through how to convert pounds to newtons on the board after the first force reading. In the United States, 
we typically measure weight in pounds, but in science, forces are measured in newtons: 1 pound equals 
4.45 newtons.

4.  Before having the students complete Part II, hold a spring scale for the class to view and explain that instead of a 
push, a spring scale can also measure the force of a pull.

5. Discuss with students that spring scales measure force in newtons.

6.  Students need to treat spring scales with care because they are fragile and should not be jerked or used for pulling 
with too much force.

7.  Be sure that students read the newtons as soon as they start pulling the baggie because that’s when they 
are applying the force. If they read it after that, it may go back down toward zero, and their reading will not 
be accurate.

8.  Show students where you have placed the balances or digital massing scales so that they can take turns using 
them to find the mass of their bags as well.

9. Once the activity is completed, discuss the following questions:
a.  What is the difference between weight and mass?  

Weight is a force caused by the pull of gravity on a massive object. Mass is the amount of matter in an object. 
Weight is a force; mass is not. Weight depends on gravity; mass does not. Your weight would be different (1/6) 
on the Moon, but your mass would be the same.

b.  What is the relationship between mass and weight?  
The more mass an object has, the more weight it will have. If you double the mass, you double the weight.

c.  Use your data to predict what a 400 g bag would weigh. 
4 N

d.  What is the relationship between the mass of an object and the amount of force required to drag it 
across the table?  
More massive objects require more force to move them.

e.  Based on your data, how much force would a 400 g bag require to be pulled across the table?  
About 1 N (The pulling forces your students get will vary greatly depending on the friction coefficient of 
the table tops in your classroom; however, the forces should still increase from bag to bag to create a nice 
data pattern.)

Explore 1 (Continued)
Activity: Action-Reaction Contact Forces Lab
Everyday Phenomena
How can we observe Newton’s third law of motion?

Description
Students rotate through stations to observe Newton’s third law of motion.
Materials
Printed
1 “Action-Reaction” Contact Forces (per student or group)
1 “Action-Reaction” Contact Forces CER (per student)
2 Assembly Instructions (per class)
1 Station Instructions (per class)
Reusable
Area, open, smooth floor (per class)
2 Spring Scales, 10-N (per class)
2 Floor scooter (per class)
1 Meter stick (per class)
1 Medicine ball (per class)*
1 Bottle, filled with metal nuts (per class)
3 Bolts, small diameter, round head, 1" (per class)
6 Washers, to fit 1" bolts (per class)
3 Nuts, to fit 1" bolts (per class)
1 Balsa wood, flat 14 cm x 10 cm, 0.5" thick (per class)
1 Electric drill (per class)
1 Drill bit (per class)
1 Toy car, pull-back, self-winding (per class)
20 Marbles, same size (per class)
1 Ping-pong ball (per class)
1 Ball of modeling clay, size of ping-pong ball (~30 g) (per class)
1 Box, long, smooth bottom, no flaps (per class)
1 Piece of cardboard, long, half the long length of the box, 15 cm wide (per class)
Consumable
Salt, 10 g (per group)
1 Balloon (per group)
2 Rubber bands (per group)**

Explore 2

*Alternately: heavy-weight, black plastic garbage bag stuffed with towels
**Smaller rubber bands create a better result.
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Explore 2 (Continued)
Preparation
• Print “Action-Reaction” Contact Forces for each student or group.
• Print “Action-Reaction” Contact Forces CER for each student.
•  Print Station Instructions for the class. You may laminate these or put them in sheet protectors so you can use 

them again.
•  Print one Assembly Instructions for the class. On this document, Recoiling Slingshot assembly instructions are 

for the teacher, but a copy can be given to the class to have in case the rubber bands break during the activity. 
The assembly instructions for May the Force Be Against You do need to be given to the students since they will be 
assembling this themselves.

•  Build the slingshot apparatus for the Station: Recoiling Slingshot. Refer to the pictures in the Assembly Instructions. 
Materials needed: three small-diameter, 1-inch bolts (round head is best); six washers that fit the bolts; three nuts 
that screw on the bolts; one flat piece of balsa wood, 14 x 10 cm (any thickness, but thicker is better); and a drill. 
Drill two holes in the balsa wood, one on each corner. Use a drill bit that is slightly smaller in size than the bolt 
diameter. Drill the third hole in the middle at the other end of the balsa wood piece. Insert a washer on each bolt 
and screw them in the three prepared holes. Top each bolt with a second washer and screw the nut in place. This 
must be used on a slick surface. Students should see that both the bottle and the slingshot move once the rubber 
band is cut. So you may need to double the stem rubber band to move the connection point back far enough.

•  Prepare the materials needed for Station: May the Force Be Against You. The long box is used to contain the 
marbles in a class-lab setting. The bottom must be smooth and level. The marbles must all be the same size. 
Refer to the pictures in the Assembly Instructions, which will also be given to the students.

• For the Station: Follow the Bouncing Ball, or Not, use the modeling clay to make a ball the size of a ping-pong ball.
• Place the correct page of instructions at each station along with materials.
• When dealing with hazardous materials, processes, and equipment, always follow proper safety precautions and 

protocols. Refer to: Science Safety Handbook for California Public Schools (CDE 2014)
Alternative Setup
Assembly instructions are given for making sturdy boards that can be used year 
to year, but you can easily replace the materials with cardboard with slits cut in 
them to replace the anchoring bolts. Students can then simply pull the washers 
back into the desired positions.
Procedure and Facilitation Points
Station: That Tingling Feeling
1.  Some teachers prefer to complete this first station as a whole-class activity.

2. Introduce vocabulary:
a. Collide/Collision: strike or hit something with any amount of force

i.  When students think of a collision, or things colliding, they normally think of large-scale incidents, such as 
auto collisions.

ii. Point out that them slapping the table, even lightly, can still be considered a collision.

3.  You can walk the students through the station directions and model the creation of a diagram with labeled force 
arrows, a diagram title, and a complete description, including evidence of what was felt to support Newton’s third 
law of motion.

4. Modeling a complete station activity sets the tone and expectations for what students do at the remaining stations.
5. Discuss related questions on the student sheet:

1. Describe the boundary for this system. The table
2.  What are the interacting objects in this system, and how are they interacting?  

The interacting objects are your hand and the table. You slap the table, and the table exerts a force on your hand.
3. Diagram drawings

F hand

F table

F hand

F table

Evidence: When I slapped the table harder, my hand tingled more, and it made a louder noise.
Station: Newton’s Body Surfing
1. Have a student demonstrate for the class the correct position for the station called Newton’s Body Surfing.
2.  He or she should be seated in a straight-leg position, with ankles resting on the second scooter. Emphasize that 

the student’s legs must remain straight—no bending at the knee—while at this station.
3.  The purpose of this station is to allow students to “feel” action-reaction forces. Students may not move very far 

when they toss the medicine ball, but they should be able to get the general feel of the action-reaction force pair.
4.  Many students will try to toss the ball upward, like a projectile. Remind students that they have to throw it directly 

forward, not upward, in order for the station to function properly.
5. Discuss related questions from the student sheet:

a.  Describe the boundary for this system.  
The floor space where the scooters would possibly roll and the distance the ball would travel

b.  What are the interacting objects in this system, and how are they interacting? 
The ball and the person on the scooter; The person throws the ball, and the ball exerts a force back on the person.

c. Diagram drawing

F ball F thrower

Evidence: The ball moves forward, 
and the student on the scooter 
moves backward

Explore 2
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Explore 2 (Continued)
d.  What could you change about the system that would cause more movement on the scooter (still not using 

hands or feet on the floor, wall, or other students)?  
Throwing the ball with more force will cause the scooter to move farther back.

Station: Push Me, Pull You
1.  Make sure the students keep one of the spring scales stationary. You may demonstrate this for them ahead of time.

2. Discuss related questions from the student sheet:
1.  Describe the boundary for this system.  

The area around the people who are pulling the spring scales
2.  What are the interacting objects in this system, and how are they interacting?  

The interacting objects are the two spring scales, and they interact by pulling on each other.
3. Diagram drawing

F 1 F 2

Evidence: The newton force reading 
is the same on each spring scale

Station: Recoiling Slingshot
1. Demonstrate ahead of time how to reattach the new rubber band once they have launched the bottle.

2. Discuss related questions from the student sheet:
a.  Describe the boundary for this system.  

The table where the apparatus and bottle are moving
b.  What are the interacting objects in this system, and how are they interacting?  

The interacting objects are the slingshot apparatus and the bottle of bolts. They are exerting forces on each 
other when you cut the rubber band.

c. Diagram drawing

F bottle F slingshot

Evidence: The bottle moves forward, 
and the apparatus moves backward

d.  Newton’s law requires that equal force be applied to each object in this system, but in the opposite direction. 
Explain in your journal why the motion of each object was different.  
Their masses are different, so applying the same amount of force to each would affect their 
movement differently.

Explore 2
Station: May the Force Be Against You
1. Please refer the students to the Assembly Instructions for how to set up this station.
2.  Remind them that once they get the salt and marbles in place, they will need to be careful not to move the table 

too much, so the components stay in place as much as possible.

3. Discuss related questions from the student sheet:
1.  Describe the boundary for this system. 

The box with all of the materials in it
2.  What are the interacting objects in this system, and how are they interacting?  

The interacting objects are the toy car and the cardboard it is resting on. The tires of the toy car and the 
cardboard are exerting forces on each other.

3. Diagram drawing

F toy car F cardboard

Evidence: The toy car moves forward, 
and the cardboard moves backward

Station: Up, Up, and Away

1. Remind students of your expectations about balloons:
a. Do not point the balloons at other people.
b. Dispose of the balloon properly when complete.

2. Discuss related questions from the student sheet:
1.  Describe the boundary for this system.  

The area that the balloon and air would move in
2.  What are the interacting objects in this system, and how are they interacting?  

The interacting objects are the balloon and the air inside the balloon.  
They push on each other as the balloon deflates.

3. Diagram drawing

F balloon F air

Evidence: The air escapes in one direction, and 
the balloon moves in the opposite directionSA
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Explore 2 (Continued)
Station: Follow the Bouncing Ball, or Not
1. Remind the students that they are just dropping the balls. They are not slamming the balls onto the ground.
2.  Tell students that they will need to reshape the clay ball before they move to the next station, so it is ready for the 

next group.
Part I: Ping-Pong Ball
3. Discuss related questions from the student sheet:

1.  Describe the boundary for this system.  
The space where the ball is dropped and moves back up, as well as where it hits the ground

2.  What are the interacting objects in this system, and how are they interacting?  
The interacting objects are Earth and the ball. They hit each other when the ball is dropped.

3. Diagram drawing

F ball 1

F Earth

Evidence: The ball bounces back 
into the air

Part II: Clay Ball
4. Discuss related questions from the student sheet:

1.  Describe the boundary for this system. 
The box with all of the materials in it

2.  What are the interacting objects in this system, and how are they interacting? 
The interacting objects are the toy car and the cardboard it is resting on. The tires of the toy car and the 
cardboard exert forces on each other.

3. Diagram drawing

F ball 2

F Earth

Evidence: The ball flattens on 
the side that hits the ground

Explore 2 (Continued)
4.  Why was the motion of Earth not observable after the action-reaction event with the ping-pong ball or clay ball?  

Earth is too big, so the change is so minimal that we are not able to see it.
5.  Although action-reaction forces on the balls and Earth were equal in magnitude and opposite in direction 

during each interaction, the resulting motions of the interacting objects depended on the mass of the 
interacting objects.

Note: Some teachers prefer to set up multiple stations of the same activity and conduct the station rotations over a 
two-day period.

Record these examples of systems on the class Crosscutting Concept chart. Discuss other examples of systems and 
system models that the students have previously explored. Charts can be found in the Teacher Toolbox.
Claim-Evidence-Reasoning
For the CER, students will use their scientific reasoning skills to explain why even though two interacting objects exert 
equal and opposite forces on each other when they collide, the movement of each object can be different if the objects 
have different masses. 

SA
MP
LE



SEGMENT 1: OBJECTS MOVE AND COLLIDE SEGMENT 1: OBJECTS MOVE AND COLLIDE
Newton’s Third Law of Motion Newton’s Third Law of Motion

SC
OP

E

SC
OP

E1 1

© Accelerate Learning Inc. - All Rights Reserved© Accelerate Learning Inc. - All Rights Reserved 4544

Explore 3
Engineering Solution: Shock Absorber
Everyday Phenomena
How can you apply Newton’s third law of motion to protecting a driver during a crash?

Description
Students will use the scientific knowledge they gained as well as the 21st Century Skill of Creativity and Innovation to 
design a solution for protecting a vehicle and a stationary object during a collision.

Materials
Printed
1 Shock Absorber (per student)
1 Engineering Design Process (per student)

Reusable (Suggested)
1 Computer (per group)
1 Ruler, metric (per group)
1 Pushing spring scale (per group)
1 Pair of scissors (per group)
1 Toy car (per group)*
1 Push spring scale (per group)

Consumable (Suggested)
1 Sheet, graph paper (per group)
3 Toilet paper cores (per group)
1 Roll, duct tape (per class)
1 Scrap of cardboard, 1' x 1' (per group)
Access to an assortment of maker materials for device**

Preparation
• Print Shock Absorber for each student.
• Print Engineering Design Process for each student.
• Display the materials that are readily available for students to use to design their models.

*The toy cars need to be large enough for designed safety features to be attached. 
**Students will need an assortment of maker materials to experiment with. Things that absorb shock would be ideal, e.g., cork, rubber, 
Styrofoam, and cotton.

Explore 3 (Continued)
The Problem
Safety is the #1 concern when we drive our automobiles, so manufacturers have already designed many features 
for the inside and the outside of the vehicle to protect the integrity of the vehicle itself during a collision, along with 
protecting the driver and passengers. Philip is a project manager in the research and development department of 
a major automobile manufacturing company. He has always wondered why more attention isn’t paid to protecting 
the environment when a driver collides with a stationary object (e.g., trees, light posts, and buildings). He wants to 
present a solution to his supervisor and has asked your team to help with the project.
The Challenge
Your team is tasked with developing a new safety feature for a vehicle. Each team must develop a prototype and 
blueprint of a product that will keep the front of the vehicle from being damaged during a collision and also will keep 
the object being hit from being damaged or altered.
Criteria and Constraints
•  In the Brainstorm and Research step, you must choose a specific type of damage from which your safety feature 

will protect the vehicle and the stationary object.
•  Your design will be a safety feature designed to fit a four-door sedan.
•  You must state the mass of your test vehicle.
•  You must state the speed at which your vehicle will be tested.
•  Your test must include a collision with a stationary object that will accurately represent a tree, light post, 

or building.
•  Your test should include data on the collision force between your car and the stationary object with and without 

your safety device as an average of several trials. You will need to use the push spring scale to measure the impact 
force on the stationary object.

•  In the Presentation Plan, you must use Newton’s third law of motion as part of your explanation of why your safety 
feature design will protect the vehicle and the stationary object.

•  You must describe the cost, time, and materials required to bring your product to market.
Brainstorm and Research
• Allow students access to computers to research:

• Mass of different vehicles
• Videos of vehicles moving at different speeds
• Materials that they may want their safety feature to be made of

Build, Test, and Refine
• Have students follow their plan and design their product. Instruct students to critique their design to make sure 

it meets the listed criteria and constraints. If not, have students refine their product by altering their design and 
critiquing again.
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Explore 3 (Continued)
• If students are stuck, use the following guiding questions:

• What type of damage are you helping to prevent?  
Paint chipping, dents, breaking parts, etc.

• At what speed do you think the car would be tested?  
They may want to stick to a lower speed collision (under 20 mph).

Share and Critique
• Have students invite others to view their work and answer questions about the design. Instruct students to explain 

how their solution will solve the problem. Encourage students to work collaboratively, using respect, to provide 
constructive feedback and questions for other groups so the design process can continue with more ideas.

• Possible questions include:
• What limitations would your product have?  

Possible limitations may include that it may only work for a limited speed.
• Who would you market your product for? How could you create an even more desirable product for that 

particular market? 
You could market this to commuters who are in their cars over longer distances or are in high-population 
cities where there is a lot of traffic. You could make the added feature affordable. If it is too expensive to 
manufacture, it may not be a reasonable addition to a commuter vehicle.

Test and Modify
Instruct students to design a valid test to test their designs. This will be a challenge for them but is very good for their 
scientific reasoning skills. You will need to facilitate here. Move from group to group listening to their plans and asking 
questions to help them develop a valid test as needed. There are many correct ways to test their designs, and you 
should encourage each group to be creative and remind them that all their tests need not be the same to be correct. 
Have students construct the materials needed for their test, carry it out, and collect data.
Provide the groups with three toilet paper cores to serve as the stationary object (tree/pole) and a sheet of cardboard 
to use as a base for the collision test.
Have students use their test data to identify problems with their design and modify/improve it. The test and modify 
phases can be repeated multiple times if time allows.
Presentation
Have students present their final designs to the class. Instruct students to explain their design and their reasoning in 
its design. Have students explain how they tested and improved their designs. Instruct students to explain how their 
final design uses the third law of motion to solve the design challenge.

Close reading strategies paired with informational text!

A slide presentation of important vocabulary terms 
along with a picture and definition.
Collide/Collision
Force
Interacting Object
Motion
Newton
Newton’s Third Law
Spring Scale

Students use a Pre-, During-, and Post-Reading 
strategy to help comprehend the STEMscopedia 
informational text.

Resources/Materials: STEMscopedia  
Pre-Reading: Application Introduction 
During Reading: Categorizing Words in Motion 
Post-Reading: Modeling Motion
Time: 1 hour

An interactive game that can be 
played with a class or individually 
to help students review the science 
concepts in the module.
Resources/Materials: 
Computer with Internet access
Time: 10 minutes

Inquiry videos that engage students 
and provide meaning.
Video: Laws of Force and Motion
Time: 5 minutes each

Students will create a skit that 
demonstrates Newton’s third law 
of motion as a slow-motion scene 
from an action movie.
Resources/Materials: 
Student Handout
Time: 1 hour

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

Student Wondering of Phenomena: What happens when two objects collide?

Use these resources to connect hands-on 
learning experiences to science content.Embedded Strategies!

Picture Vocabulary STEMscopedia and Linking Literacy

Concept Review Game Content Connections 
Video Communicate Science

Visit the Teacher Toolbox for additional 
Communicate Science resources!INTEGRATE TECHNOLOGY
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Materials
Printed
1 STEMscopedia (per student)
1 Application Introductions (per student)
1 Categorizing Words In Motion (per student)
1 Modeling Motion (per student)

Pre-Reading Instructions
1. Distribute copies of Application Introductions Pre-Reading page.
2. Instruct students to circle the point at which the two forces meet.
3. Instruct students to explain what is occurring in each picture.
4. Instruct students to explain similarities in each of the pictures.

During-Reading Instructions
1. Distribute copies of Categorizing Words In Motion During-Reading page.
2. Instruct students to pull out words in the text that fit within each of the listed categories.
3.  Instruct students to explain in the area below the table what it means when the text references “equal but opposite.”
4. Instruct students to list examples of Newton’s third law described in the text.

Post-Reading Instructions
1. Distribute copies of Modeling Motion Post-Reading page.
2. Instruct students to pick a partner.
3. Instruct each pair of students to pick a set of materials.
4.  Instruct each pair of students to design a lab demonstration with their materials that illustrates Newton’s third law 

of motion.
5. Instruct students to write explanations and drawings of their demonstration in the space provided.
6. Instruct each pair of students to perform their demonstration for the class.

Linking Literacy

A ready-made interactive 
experience to support students’ 
understanding of the  
science concept.
Gravity Force Lab
Resources/Materials: 
Computer with Internet access
Time: 15 minutes

Students will explore connections 
and applications of science content 
through interactions with authentic, 
real-world media provided by 
Associated Press.
Watch It!: Blast Off!
Resources/Materials: 
Student Handout
Time: 15 minutes

This Career Connections video is 
meant to be a tool that introduces 
your students to STEM careers and 
the 21st century skills needed to 
succeed in those fields. Watch the 
career video with your students 
and discuss how it applies to what 
they have learned. Your students 
will think like a STEM professional 
in no time!
Career: Heat Shield Engineer
Time: 15 minutes

A practice that uses at, below, and 
above grade-level appropriate math 
activities to address the concept.
Resources/Materials: 
Student Handout
Time: 30 minutes

An at, below, and above grade-
level reading passage about the 
concept, which includes five to eight 
comprehension questions.
Resources/Materials: 
Student Handout
Time: 30 minutes

An overview of a scientist who 
made a contribution to their 
specific field.
Resources/Materials: 
Digital Scientist Profile
Time: 15 minutes

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

Student Wondering of Phenomena: What happens when two objects collide?

This section includes numerous differentiation and extension 
opportunities to help teachers connect to other content areas!

These elements can be digitally 
assigned to students.

Math Connections Reading Science Scientist Spotlight

Simulation Practice Career Connections

Real 
World!Use these elements as stations in the 

classroom or assign them for homework!

Science Today
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Students work in pairs to complete 
different activities that focus on 
Newton’s third law.
Resources/Materials: 
1 Instruction Cards (per pair) 
1 Fact or Fiction Cards (per pair) 
1 Observation and Reflection 
Questions (per student)  
1 Envelope (per pair)  
2 Rulers (per pair)  
8 Marbles (per pair)  
2 Rolls of tape (per teacher)  
1 Balloon (per pair)
Time: 30 minutes

A fill-in-the-blank intervention 
activity that helps students master 
the vocabulary of this scope.
Resources/Materials: 
Student Handout
Time: 15 minutes

A multi-format quiz that assesses 
concept mastery after intervention 
has been administered.
Resources/Materials: 
Student Handout
Time: 15 minutes

Using Newton’s third law of motion, 
write a scientific explanation that 
describes why Mandy experienced 
more pain than the other girls.
Resources/Materials: 
Student Handout
Time: 15 minutes

Five standards-based assessment 
questions designed to gauge 
students’ understanding of the 
science concept using their 
selections of the best possible 
answers from a list of choices.
Resources/Materials: 
Student Handout
Time: 15 minutes

Short-answer and essay assessment 
questions to evaluate students' 
mastery of the concept.
Resources/Materials: 
Student Handout
Time: 15 minutes

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

Student Wondering of Phenomena: What happens when two objects collide?

INTERVENTION

Evaluate students' learning with a 
variety of assessment tools.

Guided Practice

Claim-Evidence-Reasoning

Independent Practice

Multiple Choice Assessment

Concept Attainment Quiz

Open-Ended Response

Use the elements in the 
Evaluate section to determine 
if students need intervention.

Reteach content 
and track progress.

A set of ideas and activities that can help elaborate on 
the concept.
Resources/Materials: 
Egg Drop 
Seat Belt Safety Brochure  
Forces Poster  
Earthquakes and TSunamis 
Force of Marbles
Time: 30 minutes

Flip Book Races
Resources/Materials: 
2 White copy paper  
Tape, 3/4” wide, clear office, 
masking or vinyl electrical  
Color pencils 
Pencil 
Bold black pen 
Scissors 
Stapler and staples
Time: 30 minutes

A list of trade books aligned with 
the lesson.
Resources/Materials: 
Links to titles can be found online.
Time: 15 minutes

Student Wondering of Phenomena: What happens when two objects collide?

ACCELERATION

Extensions

Challenge your students 
to think in new ways and 

extend their learning.

Science Art Books on Topic

Visit the Teacher Toolbox 
for additional resources!
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How does the concept of action-reaction apply to the human body? 
In the human body, skeletal muscles work in pairs. For example, the quadriceps act and the hamstring reacts to 
lift the leg.

Brainstorm sports movements or actions that demonstrate Newton’s third law. 
Sports movements or actions that demonstrate Newton’s third law include kicking a ball, riding a bicycle, 
running, and hitting a ball.

Connection to Segment 1 Mission

Information We Have Gained

Connection to Our Mission

What is Newton’s third law? 
This law involves pairs of forces that act on two interacting objects. For every action force, there is an equal and 
opposite reaction force.

How do objects apply force to each other? 
Where objects contact, they interact with pairs of forces (action-reaction) equal in strength but in the opposite 
direction. When one object exerts a force on a second object, the second object also exerts a force on the first 
object at the same time.

Segment 1

8thgrade

Don’t Forget to Anchor the Learning 
of the Scope to the Mission!

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.

• All the elements found in the Changes in Force and Motion 
scope are designed to address the subelement for PS2.A.

• Students begin the scope by conducting two brief activities 
to experience changes in motion and inertia.

• Students go on to observe changes in balanced and 
unbalanced forces. Then, students move on to investigate 
the relationship of the strength of forces and the mass of 
objects. Finally, students create scatterplots.

Three-Dimensional Learning

Performance Expectations
MS-PS2-2: Plan an investigation to provide evidence that a 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.

Disciplinary Core Ideas Science and Engineering 
Practices Crosscutting Concepts

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. (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)

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)

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)

The above illustrates how we integrate the three dimensions through the scope. As we know that opportunities 
naturally occur to model other Crosscutting Concepts and Science and Engineering Practices in many ways, we only 
call out the ones directly aligned to the NGSS Framework here.
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Prior Knowledge and Progression
By the end of Grade 5, students should understand that each force acts on one particular object and has both a strength 
and a direction. An object at rest typically has multiple forces acting on it, but they add to give zero net force on the 
object. Forces that do not sum to zero can cause changes in the object’s speed or direction of motion. (Boundary: 
Qualitative and conceptual, but not quantitative addition of forces are used at this level.)
Students should know that the patterns of an object’s motion in various situations can be observed and measured; 
when past motion exhibits a regular pattern, future motion can be predicted from it. (Boundary: Technical terms, such as 
"magnitude," "velocity," "momentum," and "vector quantity," are not introduced at this level, but the concept that some 
quantities need both size and direction to be described is developed.)

Category K–2 3–5 Middle School High School

PS2.A: Forces  
and Motion

Pushes and pulls 
can have different 
strengths and 
directions and can 
change the speed or 
direction of its motion 
or start or stop it.

The effect of 
unbalanced forces 
on an object results 
in a change of 
motion. Patterns of 
motion can be used 
to predict future 
motion. Some forces 
act through contact; 
some forces act even 
when the objects are 
not in contact. The 
gravitational force of 
Earth acting on an 
object near Earth’s 
surface pulls that 
object towards the 
planet’s center.

The role of the mass 
of an object must 
be qualitatively 
accounted for in any 
change of motion due 
to the application of  
a force.

Newton’s 2nd law  
(F = ma) and the 
conservation of 
momentum can 
be used to predict 
changes in the  
motion of 
macroscopic objects.

Three-Dimensional Learning (Continued)

Science and Engineering Practices
• 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.

• In Explore 2, students plan an investigation to provide 
evidence that a change in an object’s motion depends on 
the forces applied on the object and the mass of the  
object itself.

Science and Engineering Practices – Scoring Rubric

Crosscutting Concepts

• 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.

• In Explore 1, students observe changes in motion and 
diagram, analyze, and calculate net force for situations of 
balanced and unbalanced forces.

Crosscutting Concepts – Scoring Rubric

The above illustrates how we integrate the three dimensions through the scope. As we know that opportunities 
naturally occur to model other Crosscutting Concepts and Science and Engineering Practices in many ways, we only 
call out the ones directly aligned to the NGSS Framework here.
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Scope Overview
This scope begins with the introduction to the student Investigative Phenomena in the Engage section. Students will 
use their Graphic Organizers as their note-taking devices to record the information gained in each section as they 
begin to form a conceptual model of the content as they move through the scope. The teacher uses the Accessing Prior 
Knowledge (APK) element to help pull out students’ current knowledge levels as well as any preconceptions they have 
before beginning the scope. In this Changes in Force and Motion APK, students look at two posters, each showing a 
different scenario, which are placed on opposite sides of the classroom. Students are then asked to study both of the 
images and determine which of them will result in the greater change in motion. After making a decision, they move to 
stand next to the poster they believe shows the greater change in motion. This will help uncover possible preconceptions 
students have before beginning the lesson. Teachers can keep any such preconceptions in mind as they move through 
the scope. The final element in the Engage section is the Hook. Here, the students start with their first experience with the 
content. They will build on their knowledge as they continue moving through the scope.

Students then dig deeper into the content through the three Explore activities. In Explore 1, students observe changes 
in motion and diagram, analyze, and calculate net force for situations of balanced and unbalanced forces. In Explore 2, 
students plan an investigation to provide evidence that a change in an object’s motion depends on the forces applied 
on the object and the mass of the object itself. In Explore 3, students use TUVA to create scatter plots to investigate the 
relationship between bike weights and jump heights. Explore 1 includes a formative CER assessment to help the teacher 
gauge students' understanding at that point. By the end of the Engage and Explore activities, students should be able to 
plan an investigation to provide evidence that a change in an object’s motion depends on the sum of the forces on the 
object and the mass of the object.

Students will continue to refine their knowledge of the content as they move through the elements in the Explain and 
Elaborate sections. Teachers can use any or all of the provided elements. We know that most classrooms have limited 
time, so teachers should choose the Explain and Elaborate elements that best fit the needs of their students. The teacher 
can then formally assess the students’ understanding by using any of the three summative assessment provided in the 
Evaluate section. If the students require additional help gaining proficiency with the content, resources can be found in 
the Intervention section. Students who have achieved mastery of the concept can move over to the Acceleration pieces.

Documents are available to help the teacher assess the CCCs and SEPs taught in this scope. These are located in the 
Home section of each scope. Question prompts or artifacts to look for throughout the scope are provided, as well as 
sample answers to help the teacher plot students’ understanding on the rubric. The information that is gathered on these 
forms can be used to track progress on the CCC and SEP Segment Inventory of Skills found in each segment and on the 
CCC and SEP Yearlong Inventory of Skills document located in the Teacher Toolbox.

Phenomena
Students begin this scope by viewing a video of a kid bowling and are encouraged to try to generate questions 
and answers as to why one bowling ball is harder to roll down the lane than others. As students move through 
the scope and investigate the Student Wondering of Phenomena question above they will be doing many 
activities to learn the information needed to describe the events happening in the Investigative Phenomena.

Throughout the scope students will interact with the following everyday phenomena:
• What factors affect the change in motion of an object?
• How does the net force of a balanced motion compare to the net force of an unbalanced motion?
• How are force and mass related to changes in motion?
• What is the relationship between the weight of a bike and its jump height?

Students will then apply what they have learned and how their thinking has changed on the Student 
Wondering of Phenomena question, “Why do some objects require more force to move than others?” to 
complete the Claim-Evidence-Reasoning assessment.

The knowledge and skills students gain during this scope will be anchored to their Mission using the Mission 
Log, and students will use it to complete their Mission Action Plan.

Student Wondering of Phenomena
Why do some objects require more force to move  
than others?

Scope Timeline

45 
min

ENGAGE

APK CER1HOOK OER MCTEACHER 
CHOICE

TEACHER 
CHOICE2 3

EXPLORE EXPLAIN ELABORATE EVALUATE

7 hrs 2 hrs 1 hr 1 hrSA
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Teacher Background
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Even at rest, the box exerts a force downward, 
and the table exerts an opposite force upward.

A force is a push or a pull acting on an object. It does not 
matter if an object is at rest or in motion, or moving quickly 
or not moving at all. All objects on Earth have forces acting 
on them. Sometimes the forces are balanced forces, and 
sometimes the forces are unbalanced forces.

Balanced forces are equal in size and opposite in direction. 
The net force, or the sum of all forces acting on an object, is 
equal to zero newtons when the forces are balanced. Both 
objects in motion and objects at rest can have balanced 
forces acting on them. Balanced forces do not change an 
object’s speed or direction.

Unbalanced forces are not equal in size, or they are acting in the same direction. The net force is not equal to 
zero newtons when the forces are unbalanced. When the forces acting on an object are unbalanced, its speed 
or direction of motion will change, changing its location.

All of the interacting forces happen within the frame of reference arbitrarily defined by the observer. The frame 
of reference needs to encompass all interactions and motion. The observer also defines the units in the frame 
of reference.

Newton’s second law of motion, also called the law of force and acceleration, states that the acceleration of an 
object depends on the object’s mass and the magnitude (size) of the force acting upon it. Newton’s second law 
describes the mathematical relationship between an object’s mass and acceleration, and the net force acting 
on it. This law states that when a force acts on an object, it will cause the object to accelerate. The larger the 
mass of the object, the greater the force will need to be to cause it to accelerate. This law may be written as 
force = mass x acceleration or F = m * a.

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.

Two equal forces in opposite directions create balanced forces.

5E Activity Assessment Options Notes and Suggestions

Planning Home
Standards Alignment
Teacher Background
Materials List
Answer Keys

Take note of which Explore 
activities you will assess 
using the CCC and SEP 
rubrics for this scope.

In addition to the Home elements listed on the left, it is 
essential to read the lesson plans and watch the set-up 
videos for each hands-on activity under Engage and Explore.
Optional: Introduce the Anchoring Phenomena and Mission 
Brief from the Mission Log within the Segment Resources.

Day 1 Engage

Graphic Organizer
Accessing Prior 
Knowledge
Investigative 
Phenomena
Hook – 
Newton Knew that 
Mass Matters

Accessing Prior Knowledge

The Graphic Organizer is just introduced on this day and can 
serve as a class anchor chart or as a student 
note-taking template throughout the scope.
Accessing Prior Knowledge is a formative pre-assessment 
and should not be graded for mastery.

Day 2 Explore

Explore 1: Activity 
– Balanced and 
Unbalanced Forces
Content Connections 
Video: Changes in 
Force and Motion
Picture Vocabulary

Student Journal Responses
Content Connections  
Video questions

Optional: Use the Content Connections Video found under 
Explain to help you review/explain this content to students 
before/during the activity if needed.
If necessary, allow Explore 1 to carry over into the next 
instructional day.
Revisit the Investigative Phenomena from Day 1 and invite 
students to connect what they learned to the phenomena.

Day 3 Explain

STEMscopedia
Linking Literacy
Picture Vocabulary 
Activity: 
Concentration

Linking Literacy: 
Deciphering  
Motion Scenarios
STEMscopedia: Try Now

Page 5 of the STEMscopedia contains a ‘Try Now’ activity 
that can be done during morning tutorials or when extra 
time allows.
Revisit the Investigative Phenomena from Day 1 and invite 
students to connect what they learned to the phenomena.

Day 4 + 5 Explore
Explore 2: Inquiry 
Investigation – 
Newton’s  
Second Law

Student Journal Responses
SEP Rubric
Embedded CER in Explore 2
English Language 
Development – Caption It

The ELD Strategy activity can be used as an Exit Ticket.
Revisit the Investigative Phenomena from Day 1 and invite 
students to connect what they learned to the phenomena.

Day 6

Explore
Explore 3: TUVA: 
BMX Dirt Bike Racing
Concept Review 
Game

Student Journal Responses
CCC Rubric

Utilize additional fostering data utilization resources in 
STEMcoach in Action: Click on ‘Visit Site’ button. If time 
and/or technology is a factor, project the TUVA module and 
complete the activity whole-group.
Revisit the Investigative Phenomena from Day 1 and invite 
students to connect what they learned to  
the phenomena.
Assign Concept Review Game for homework.

Explain

Day 7 Explain
Communicate 
Science: Inner/Outer 
Circle Dialogue
Concept Review 
Game

Communicate Science 
Rubric
Graphic Organizer

Use Content Review Game as a warm-up or bell-ringer 
activity.
The Graphic Organizer from Engage makes a great 
formative assessment at this point in the scope.
Revisit the Investigative Phenomena from Day 1 and invite 
students to connect what they learned to the phenomena.

This sample lesson plan is intended to illustrate one way to implement the scope. 
STEMscopes CA NGSS 3D is a flexible curriculum that can be modified to fit practically any schedule.

“Essential Track” elements are listed in blue 
and should be prioritized when time is short.

Student Wondering of Phenomena: Why do some objects require more force to move than others?

8th Grade | Segment 1: Objects Move and Collide | 
Scope 2: Changes in Force and Motion
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5E Activity Assessment Options Notes and Suggestions

This sample lesson plan is intended to illustrate one way to implement the scope. 
STEMscopes CA NGSS 3D is a flexible curriculum that can be modified to fit practically any schedule.

“Essential Track” elements are listed in blue 
and should be prioritized when time is short.

Student Wondering of Phenomena: Why do some objects require more force to move than others?

8th Grade | Segment 1: Objects Move and Collide | 
Scope 2: Changes in Force and Motion (Continued)

Day 8*
*Optional 

Activities for 
Extension/

Differentiation

Elaborate
Teacher or student 
choice!
PhET Simulation 
Practice – Forces and 
Motion: Basics

Utilize the Math Connections and Reading Science in your 
designated Math and Reading blocks.

Intervention Guided Practice Independent Practice
Concept Attainment Quiz

Building an extra day into your plan allows time to 
work with struggling students using the activities from 
the Intervention element before moving to summative 
assessment.
Students who need more support can work with the 
teacher in small groups while other students are working 
on Elaborate or Acceleration elements or reviewing material 
from previous days.

Acceleration Science Art Activity
You can also move the summative evaluation up a day, 
which leaves time for Intervention/Acceleration after if 
necessary.

Day 9 Evaluate

Multiple Choice 
Assessment
Open-Ended 
Response
Claim-Evidence-
Reasoning

Summative Assessments: 
MCA, OER, CER

The Investigative Phenomena introduced on Day 1 and 
used throughout the scope directly ties into the summative 
CER assessment. Use the Investigative Phenomena to 
prime students for this final assessment.
After completing the scope, go back to the Mission Log 
and have students complete the Graphic Organizer – 
Information Gained and Connection to the Mission.

In this activity, two posters, each showing a different 
scenario, are placed on opposite sides of the 
classroom. Students are asked to study each of the 
images and determine which of them will result in 
the bigger change in motion. After making a decision, 
they move to stand next to the poster they believe 
shows the greatest change in motion.
Resources/Materials: 
1 Changes in Force and Motion (per student) 
1 Comparison Images (per teacher)
Time: 15–30 minutes

Students conduct two brief activities to experience 
changes in motion and inertia.
Resources/Materials: 
1 Newton Knew that Mass Matters (per student) 
1 Ping-pong ball (per group) 
1 Tennis ball (per group) 
1 Floor scooter (per group) 
1 Block, wood, standard 2 by 4, 15 cm in length, 
approximate (per group) 
1 Stack of books (per group) 
1 Roll of masking tape (per group)
Time: 45 minutes

Set the stage for learning with real-world 
phenomena that students make sense of 
throughout the scope.
Resources/Materials: Student Handout
Time: 10-minute introduction, then a few minutes 
each day after instruction

The Graphic Organizer is a note-taking device 
students can use as they move through this scope.
Resources/Materials: Student Handout
Time: 10-minute introduction, then a few minutes 
each day after instruction

ENGAGE

HOME

EXPLAIN ELABORATE EVALUATEEXPLORE

Student Wondering of Phenomena: Why do some objects require more force to move than others?

Teacher Background: A resource for the teacher that contains all the essential 
understandings related to the scope.
Standards Alignment: A correlation document that shows a scope’s 
connections to NGSS and the Common Core.
 Answer Keys: A list of answers ranging from multiple choice to potential 
open-ended response answers.
Materials List: A self-calculating spreadsheet to identify all reusable and consumable material needed in each part 
of the module.

This section provides 
all of the resources 
needed to understand 
the content covered and 
prepare for instruction.

Launch the scope with these 
engaging resources!

Give context for student learning with 
real-world phenomena!

Investigative Phenomena

Accessing Prior Knowledge

Graphic Organizer

Hook

Hands 
On!
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Description
In this activity, two posters, each showing a different scenario, are placed on opposite sides of the classroom. Students 
are asked to study each of the images and determine which of them will result in the bigger change in motion. After 
making a decision, they move to stand next to the poster they believe shows the greatest change in motion.
Materials
Printed
1 Changes in Force and Motion (per student)
1 Comparison Images (per teacher)
Preparation
• Print one copy of Changes in Force and Motion for each student or group.
• Print poster-size copies of Comparison Images for each teacher.
• Have the Comparison Images posters on opposite sides of your classroom.
Facilitation
1.  Distribute copies of Changes in Force and Motion to each student and have them consider what they have learned 

in the past about motion, force, and direction.
2.  Ask students to quietly look at and consider each of the Comparison Images depicted on the posters and decide 

which of them will cause the greatest change in the motion of the vehicle.
3. Have students move to stand beside the poster that depicts their choice once they have decided.
4. Inform students that they may move to another area of the room if they change their mind at any time.
5.  After students have moved to stand beside their selection, ask them to discuss within their group why they chose 

to stand there. Listen for their explanations.
6.  Ask one student from each group to share the reasons given within the group for their choice. Listen for students 

to mention factors that would affect the change in the motion of the car, such as the size of the forces and the size 
of the car.

7. Instruct them to return to their tables.
8. Allow students time to complete the student sheet on their own.
Preconceptions
These preconceptions can be addressed as students move through the scope; they do not need to be clarified at this 
point. Be sure to keep in mind the preconceptions uncovered during this APK as you move through the scope.
• Students may think that when force arrows are used to represent opposing forces, the greater force does not win, 

so the total force is equal to the value of the greater force. 
When using arrows to represent forces, the longer the arrow, the stronger the force. If values are given, arrows 
going in the opposite direction must be subtracted from each other, and arrows going in the same direction must 
be added to each other. Students may add the forces without considering the direction of the forces.

• Students may think that two forces acting in opposite directions will not cancel each other no matter what their 
strengths are. 
Two forces of the same strength (value) acting on an object in opposite directions at the same time will cancel 
one another.

• Students may think that balanced forces acting on an object that is moving will make that object stop moving. 
Balanced forces cause no change in motion, so the object will keep moving at the same speed and in the same direction.

• Students may think that the word “acceleration” only means that an object will speed up. 
Acceleration means any change in motion, including speeding up, slowing down, or changing direction.

Accessing Prior Knowledge
Everyday Phenomena
What factors affect the change in motion of an object?
Description
Students conduct two brief activities to experience changes in motion and inertia.
Materials
Printed
1 Newton Knew that Mass Matters (per student)
Reusable
1 Ping-pong ball (per group)
1 Tennis ball (per group)
1 Floor scooter (per group)
1 Block, wood, standard 2 by 4, 15 cm in length, approximate (per group)
1 Stack of books (per group)
Consumable
1 Roll of masking tape (per group)
Preparation
1. Print Newton Knew that Mass Matters for each student.
2. Determine where the groups will conduct the scooter activity.
Procedure and Facilitation Points
Part I: Mass Matters
1. Have two students each stand at opposite ends of the table.
2. Tell Student 1 to gently roll the ping-pong ball toward Student 2.
3.  Tell Student 2 to use his or her thumb and finger to flick the ping-pong ball back toward Student 1, forcing it to 

move as far as possible.
4. Have Student 1 then gently roll the tennis ball toward Student 2.
5.  Have Student 2 use the same amount of force that he or she used on the ping-pong ball to flick the tennis ball 

back toward Student 1. Remind the students that they need to use the same amount of flick force on the tennis 
ball as they did on the ping-pong ball!

6. Introduce the following vocabulary words:
 a.  Motion: the change in an object’s position with respect to time and in comparison to the position of other 

objects used as reference points
 b.  Reference: a system that uses coordinates or background objects to establish position or measure movement 

of a point in space
 c. Mass: a measure of how much matter is present in a substance
 d. Force: a push or pull that can change the motion of an object

Hook
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7.  Ask students to describe how the motion of the ping-pong ball and tennis ball changed when Student 1 flicked 
them toward Student 2. 
The speed of the ball changed and the direction the ball was traveling changed.

8.  Ask students to answer in a complete sentence: compare the relative mass of the ping-pong ball and the tennis ball. 
The tennis ball has a higher mass than the ping-pong ball.

9.  Ask students which ball resisted a change in motion more effectively. Have them explain their evidence. 
The tennis ball resisted a change in motion more effectively. I know because it did not travel as far as the 
ping-pong ball.

10.  Ask students why do they think it was able to better resist a change in motion. 
It has more mass.

11.  Have students draw and label in the box a diagram comparing the force, mass, and distances traveled of the 
ping-pong ball and the tennis ball.

Force applied to 
ping-pong ball

Distance travelled by the 
ping-pong ball

Distance travelled by the 
tennis ball

Force applied to 
tennis ball

12.  Talk to students about inertia and how items with greater mass have more inertia.
Part II: Newton Knew
Setup A
1.  Some teachers prefer to conduct the second activity with the floor scooter as a demonstration.
2. You can replace the block with action figures or other appropriate objects for interest if they are available.
3.  Have students set up the barrier for the activity. Show them your expectation of how this should look to make sure 

the barrier will stop the scooter but will not prevent the block from continuing to move forward.
4. Have a student place the block in the center of the scooter seat.
5.  Have students push the scooter toward the barrier. Remind them that they are not to push the scooter so hard 

that the block slides off the back. Instruct them to make sure that the block will travel with the scooter toward 
the barrier.

6. Instruct students to observe the motion of the block and the scooter as it strikes the barrier.
7.  Have students draw and label a diagram of Setup A just as the scooter strikes the barrier.

Scooter
block

Hook (Continued)
8.  Ask students to describe in complete sentences the motion of the block and the scooter throughout this activity. 

The block sits on the scooter as it moves. When it hits the barrier, the scooter bounces back a little but the block 
keeps moving forward.

9.  Ask how inertia affected the motion of the block when the scooter struck the barrier. 
The block’s inertia made it keep wanting to move forward, not changing its motion until an unbalanced force 
caused it to stop.

Setup B
1. Set up the activity as before, but this time, tape the block to the center of the seat using the strip of masking tape.
2. Push the scooter toward the barrier.
3. Instruct students to observe the motion of the block and the scooter as it strikes the barrier.
4.  Ask students to draw and label a diagram of Setup B just as the scooter strikes the barrier.

block
Scooter

5.  Ask students to describe in complete sentences the motion of the block and the scooter throughout this activity. 
The block sits on the scooter as it moves. When it hits the barrier, the scooter bounces back a little and the block 
moves back with it.

6.  Ask students how does this activity model the use of a seat belt in a car during an auto accident. 
The tape keeps the block secured to the scooter just as a seat belt holds people secured in their vehicles instead of 
letting them fly forward and possibly hit the windshield.

7.  If there is time, tell students the following extra information; they may find it interesting since cars have had seat 
belts as long as the students have been alive. Cars didn’t always have seat belts. Car manufacturers were first 
required to install seat belts in new cars in 1968. Some states began passing laws that required people to use the 
seat belts in 1984. Newton didn’t drive an automobile in 1687 when he published his laws of motion. Newton 
knew that inertia causes objects to continue doing what they are doing, like an unbelted car passenger continues 
in motion.

Hook (Continued)
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Students observe changes in motion, and diagram, analyze, and 
calculate net force for situations of balanced and unbalanced forces.
Resources/Materials:  
1 Balanced and Unbalanced Forces (per student) 
1 Balanced and Unbalanced Forces CER (per student) 
1 Wooden block, approximately 15 cm x 9 cm x 2 cm (per group) 
1 Thick rubber band (per group) 
3 Thin rubber bands (per group) 
1 Spring scale, 10-N (per group) 
2 Spring scales, 5-N (per group) 
4 Sheets of white copy paper (per group) 
1 Tape (per group)
Time: 2 hours

Students will plan an investigation to provide evidence that a change in 
an object’s motion depends on the forces applied on the object and the 
mass of the object itself.
Resources/Materials:  
1 Newton’s Second Law (per student or group)
Suggested Materials: 
Balls of various masses 
Toy cars or other wheeled objects 
Materials for building ramps 
Triple beam balances
Time: 3 hours

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

Roadblock 
Disorganized Thoughts

STEMcoach in Action 
Implementing Inquiry

Explore 1: Activity

Explore 2: Inquiry Investigation

Three Dimensional!

Additional Supports

Student Wondering of Phenomena: Why do some objects require more force to move than others?

Students work together to construct 
their own understanding of the content.

Hands 
On!

Math Moment 
Mathematic Expressions

STEMcoach in Action 
Utilizing Assessment
Language Acquisition 
Claim-Evidence-Reasoning

Language Acquisition 
Caption It

Additional Supports

Hands 
On!

Students work in 
collaborative groups.

Students will create scatter plots to investigate the relationship between 
bike weights and jump heights.
Resources/Materials:  
1 BMX Dirt Bike Racing 
1 Computer (per student or group)
Time: 2 hours

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

STEMcoach in Action  
Fostering Data Utilization

Explore 3: TUVA

Additional Supports

Student Wondering of Phenomena: Why do some objects require more force to move than others?

Hands 
On!

Don’t forget to use the Explain 
elements to support student 
learning as they explore!

Check out the Teacher Toolbox for additional 
planning documents, instructional 
resources, and interactives!

Embedded questions and 
sample students' responses!SA
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Activity: Balanced and Unbalanced Forces
Everyday Phenomena
How does the net force of a balanced motion compare to the net force of an unbalanced motion?
Description
Students observe changes in motion, and diagram, analyze, and calculate net force for situations of balanced and 
unbalanced forces.
Materials
Printed
1 Balanced and Unbalanced Forces (per student)
1 Balanced and Unbalanced Forces CER (per student)
Reusable
1 Wooden block, approximately 15 cm x 9 cm x 2 cm (per group)
1 Thick rubber band (per group)
3 Thin rubber bands (per group)
1 Spring scale, 10-N (per group)
2 Spring scales, 5-N (per group)
Consumable
4 Sheets of white copy paper (per group)
1 Tape (per group)
Preparation
• Print Balanced and Unbalanced Forces for each student or group.
• Print Balanced and Unbalanced Forces CER for each student.
• Prepare the blocks for each group, as follows:

• Loop one thinner small rubber band through the thicker rubber band to create rubber band chain.
• Loop the other two thinner rubber bands to the opposite end of the thicker rubber band.
• Wrap the thick rubber band around the wood block, as shown in the diagram below.
• The thinner rubber bands will be used to hook the spring scale to on both ends of the wood block.

Thin rubber bands

Thick rubber band

Explore 1
Procedure and Facilitation Points
1. Students will use the diagrams in Part I to answer the questions about forces acting on an object.
2. Introduce vocabulary:
 a. Net force: the sum of all the forces acting on an object.
 b. Newton: unit of measurement for force
 c. Direction: a straight path that an object can move along
 d. Accelerate: a change in motion caused by an unbalanced force acting on an object
3.  Are the forces acting on object A working together or against each other? 

They are working together.

2 N
A

2 N

4.  Based on your answer to question 1, do you think you would add the forces together or subtract them? 
You would add the numbers.

5.  Calculate the net force acting on object A. In your answer, be sure to include the number, unit, and an arrow 
(to show direction). 
2N + 2N = 4N 

2 N
B

4 N

6.  Are the forces acting on Object B working together or against each other? 
They are working against each other.

7.  Based on your answer to question 1, do you think you would add the forces together or subtract them? 
You would subtract the numbers.

8.  Calculate the net force acting on object B. In your answer, be sure to include the number, unit, and an arrow 
(to show direction). 
4N - 2N = 2N 

9.  In Part II, the students will use the wooden block and spring scales to work through four different scenarios.
10.  They will start each scenario by placing the wooden block in the middle of a clean sheet of white paper and 

tracing the block in this starting position.
 a. Works best if you tape the paper to the desk.
11. Work through each scenario and observe the resulting motion of the block.
12. Show them how to attach the spring scales to the rubber bands at the end of the block.

Explore 1 (Continued)
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13.  Explain the importance of someone holding down the block while the forces are first being applied to the spring 
scales. If someone is not holding it at this time, their observations will be skewed.

14.  Show them how to add labeled force arrows to the traced block on the paper. For example, to pull with a force of 
4 newtons, the labeled force arrow should show the direction and magnitude (amount) of forces. 

or 4 N4 N

15. Students will complete the questions that follow each scenario.
Scenario 1
16.  In Scenario 1, a student will attach a 5 N spring scale to the rubber band at the end of the wood block and pull the 

scale with a force of 5 N. The student holding the block can now release it.
17.  Students will draw and label the force diagram for this scenario. 

5 N

18.  They need to calculate the resulting net force. 
0 N + 5 N = 5 N

19.  Do the forces applied result in a change in motion? If so, describe the change. 
They do result in a change in motion. The block accelerates toward the person pulling the spring scale.

20.  Is this a representation of balanced or unbalanced forces? 
Unbalanced

Scenario 2
21.  In Scenario 2, a student will attach a 5 N spring scale to the rubber band at one end. Another student will attach a 

5-N spring scale to the rubber band on the other end of the wood block. The students will pull the scales to a force 
of 5 N and in opposite directions. The student can now release the wood block.

22.  Students will draw and label the force diagram for this scenario. 
5 N 5 N

23.  They need to calculate the resulting net force. 
5 N - 5 N = 0 N

24.  Do the forces applied result in a change in motion? If so, describe the change. 
They do not result in a change in motion. The motion remains constant; there is no acceleration.

25.  Is this a representation of balanced or unbalanced forces? 
Balanced

Explore 1 (Continued)
Scenario 3
26.  In Scenario 3, a student will attach a 5 N spring scale to the rubber band at one end and pull with a force of 5 N. 

Another student will attach a 10 N spring scale to the rubber band on the other end of the wood block and pull 
with a force of 10 N. The student can now release the wood block.

27.  Students will draw and label the force diagram for this scenario. 
10 N 5 N

28.  They need to calculate the resulting net force. 
10 N - 5 N = 5 N

29.  Do the forces applied result in a change in motion? If so, describe the change. 
They do result in a change in motion. The block accelerates toward the person pulling the 10-N spring scale.

30.  Is this a representation of balanced or unbalanced forces? 
Unbalanced

Scenario 4
31.  In Scenario 4, three students will be pulling on spring scales. Making sure one of them is holding down the block, 

one student will attach a 10 N spring scale to the rubber band at one end and pull with a force of 10 N.
32.  Two other students will each attach 5 N spring scales to rubber bands at the other end of the wood block, and they 

will each pull on their respective spring scales with a force of 5 N. The student can now release the wood block.
33.  Students will draw and label the force diagram for this scenario. 

5 N
10 N 5 N

34.  They need to calculate the resulting net force. 
10 N - 5 N + 5 N = 0 N

35.  Do the forces applied result in a change in motion? If so, describe the change. 
They do not result in a change in motion.

36.  Is this a representation of balanced or unbalanced forces? 
Balanced

37. Allow time for students to answer the Conclusion question. This can be done on their own or as a group.
Conclusion
38.  How do balanced and unbalanced forces affect an object’s motion? 

Unbalanced forces cause a change in motion; balanced forces do not.
39.  If an object is accelerating, can we safely assume an unbalanced force is acting on it? 

Yes, an object will only accelerate (speed up, slow down, or change directions) if an unbalanced force acts on it. 
If all forces are balanced, there will be no change in motion—no acceleration.

Explore 1 (Continued)
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Explore 1 (Continued)
What’s Next?
40.  Allow the students time to answer the What Next? question. Encourage students to do this part on their own. Let 

them know it is important that they give some thought to it because they will be using the questions they come 
up with in a later activity. You do not have to tell them what the activity will be, but they are going to be designing 
their own investigation in Explore 2.

41.  Here is the directive given to the students. Considering the concepts you have practiced in this activity, come 
up with a testable question that involves objects, their mass, forces acting on them, and their resulting motion. 
There are numerous questions that students could come up with, but a sample question may be:  
Will different-sized objects act differently when forces are applied to them?

42. Discuss: Newton’s first law of motion
 a.  Newton’s first law of motion states that “an object at rest stays at rest and an object in motion stays in 

(constant) motion unless acted upon by an outside, unbalanced force.” How did our four setups in the activity 
demonstrate Newton’s first law of motion? 
The blocks only accelerated when the forces were unbalanced—when the net force was not 0 N.

 b.  Although we now accept and understand Newton’s first law of motion because we live in a technological age 
of space exploration, in the 1600s, the idea that an object in motion would continue in that constant motion 
unless acted upon by an unbalanced force contradicted human understanding of how things worked. When 
Newton expanded the fundamental work of Galileo on inertia and presented the three laws of motion in 1686, 
people believed that a push or pull was needed to keep an object moving, and if taken away, the object would 
stop moving. However, Newton theorized that even if the force is taken away, the object will continue until 
something—an outside, unbalanced force—changed it. So think about rolling a ball across the room. Would 
the ball stay in the same motion as Newton said it would? 
No, it would eventually stop.

 c.  What might change the motion, and why does Newton’s law still hold true? 
Gravity is pulling the object toward Earth, and friction is causing the object to stop. Yes, his law does still hold 
true because these are unbalanced forces that are acting on these objects.

Claim-Evidence-Reasoning
1.  Give students the student CER and have them write a scientific explanation to explain how the motion of an object 

with a net force of 25 N applied to it would differ from the motion of an object with 0 N of applied force.
2.  Have students create a list of possible tests they can do on their own to further explore this topic. They will use the 

list to help them plan and conduct their own investigation in Explore 2!

Inquiry Investigation: Newton’s Second Law
Everyday Phenomena
How are force and mass related to changes in motion?
Description
Students will plan an investigation to provide evidence that a change in an object’s motion depends on the forces 
applied on the object and the mass of the object itself.
This inquiry investigation is designed to align to the Science and Engineering Practice associated with this PE: 
“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.”
An inquiry-based investigation is one that students must build around a concept. This extended exercise promotes 
genuine thinking.
The purpose of the Inquiry Investigation is to foster students formulating their own question. This activity allows 
students to further explore a concept in-depth and helps the students organize their thinking in order to carry out an 
investigation to help answer their question. This investigation targets those questions that pop into our minds when 
we notice or wonder something. Encourage students to think back to what they have learned to help them form a 
testable question.
Materials*

• Balls of various masses
• Toy cars or other wheeled objects
• Materials for building ramps
• Triple beam balances
Printed
1 Newton’s Second Law (per student or group)
Procedures and Facilitation Points
Plan It!
1.  Using information from previous activities, students will share with their group question ideas for this 

investigation. If desired, students can plan and conduct the investigation individually.
2.  Student groups should choose one question that they are interested in testing and write it on Newton’s Second Law.
3. Make sure the students are Identifying the phenomena to be investigated.
 a. Students identify the phenomena under investigation, which includes the change in motion of an object.
 b.  Students identify the purpose of the investigation, which includes providing evidence that the change in an 

object’s motion is due to the following factors:
i. Balanced or unbalanced forces acting on the object
ii. The mass of the object

Explore 2

*Materials will depend on what students choose to investigate. Below are some possible materials you could consider gathering.
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Explore 2 (Continued)
4. Encourage students to choose questions that are easily testable within the classroom environment.
5. Students should identify the evidence to address the purpose of the investigation

a. Students develop a plan for the investigation individually or collaboratively. In the plan, students describe:
i. That the following data will be collected:

i. Data on the motion of the object
ii. Data on the total forces acting on the object
iii. Data on the mass of the object

ii. Which data are needed to provide evidence for each of the following:
i. An object subjected to balanced forces does not change its motion (sum of F = 0)
ii. An object subjected to unbalanced forces changes its motion over time (sum of F ≠ 0)
iii. The change in the motion of an object subjected to unbalanced forces depends on the mass of the object

6.  Students should identify the independent and dependent variables as well as the control within their 
investigation.

7. Students will brainstorm how they will run their investigation. Students could choose to:
 a. Make an observation?
 b. Make a model?
 c. Measure and collect data?
 d. Design an experiment?
8. Students should identify what materials they will need as well as the procedure they will follow.
9. When planning the investigation students should describe:
 a. How the following factors will be determined and measured:

i.  The motion of the object, including a specified reference frame and appropriate units for distance 
and time

ii. The mass of the object, including appropriate units
iii. The forces acting on the object, including balanced and unbalanced forces

 b.  Which factors will serve as independent and dependent variables in the investigation (e.g., mass is an 
independent variable, forces and motion can be independent or dependent)

 c. The controls for each experimental condition
 d. The number of trials for each experimental condition
10. Gather the materials your students will need to complete their investigation.

Test It!
1.  In this part of the process, students could either conduct the investigation they planned as a group or the class 

could choose one investigation.
2.  As students complete their investigation, they should record their data and observations on Inquiry Investigation: 

Newton’s Second Law.
3. Help the students in deciding how they will record their data:

• Tables
• Charts
• Graphs
• Drawings
• Journaling

4.  Spend time with each group to ensure they are conducting fair tests. Encourage students to think about 
conducting multiple trials in order to gather enough data to generate a claim that answers their question.

Wrap It Up!
1.  Once students have completed their investigation, students can analyze their data independently or as a group in 

order to answer their driving question.
2. Students will record their original question on Inquiry Investigation: Newton’s Second Law.
3. Students will generate a claim that answers their original question based on the results of their investigation.
4.  The students will then complete their CER; students make a claim based on evidence they have gathered before 

explaining the reasoning that connects the evidence to the claim.
5. Encourage students to provide a rebuttal when and where appropriate.

Explore 2 (Continued)
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Explore 3
TUVA: BMX Dirt Bike Racing
Everyday Phenomena
What is the relationship between the weight of a bike and its jump height?
Description
Students will create scatter plots to investigate the relationship between bike weights and jump heights.
Materials
Printed
1 BMX Dirt Bike Racing
Reusable
1 Computer (per student or group)
Preparation
A copy of BMX Dirt Bike Racing can be printed individually for student use, as a reusable class set, or assigned online.
TUVA Data Set: BMX Dirt-Bike Racing
Go to site to access the interactive TUVA Data Set.
Procedures and Facilitation Points
1.  Show students a video of BMX dirt bike racing. To find a video, do an Internet search of “BMX Dirt Bike Racing.” 

Make sure to watch the video before showing it to your students to ensure there is no inappropriate content.
2. Discuss the racing video with your students.

•  What did you notice about when the racers were going the fastest? 
They went the fastest when they were on the flat surfaces, before they were going onto a ramp.

•  What did you notice about when the racers jumped the highest? 
The racers jumped the highest when they were going fast and the ramp was steep.

•  What other factors do you think contributed to the racers’ ability to complete their tricks? 
Accept all answers at this time. The question is meant to assess students’ ideas and identify misconceptions. 
Students will investigate the relationship between maximum jump height and weight in the activity.

3. Have students access the TUVA BMX Dirt Bike Racing data set.
4. Have students read and briefly discuss the information given at the opening of the activity.
5. Have students then click out of the information page and begin to use the data.
6. Have students first just “play” with the data. Monitor closely to make sure they are staying on task.
7. Discuss the following with students to help guide them in testing the modification capabilities of using the data set.

•  What happens when you drag the attributes to the different axes (x and y)? 
Student answers will vary depending on what attributes they are using. Accept all answers at this time.

•  Try changing the graph types (line, scatter plot, bar, pie, etc.). 
• Allow students some time to investigate different ways to graph the data.

•  What types of graphs worked best with this data? 
Answers may vary depending on the attributes they have selected. Dot will most likely be the most 
common answer.

• Discuss why we use different graphs with different types of data.
8. Have students complete the Data Investigation.
9. Facilitate a class discussion of the following questions.

•  Is jump height associated with bike weight? 
Allow students to make inferences about this relationship. Ask for explanations for their statements.

•  If yes, then what is the nature of the association? 
Student answers will vary. Discuss as desired, but do not judge the answers. Tell students that they will use 
their investigation to better answer this question.

10.  Allow the students to complete the investigation independently. Circulate among the groups, asking questions 
and redirecting thinking as needed.

11.  Have students reset the data. Click on the “Dot” tab. Then drag “Weight” to the x-axis and “Maximum Jump 
Height” to the y-axis.

12.  Instruct students to choose “Least Squares Line” under Stats. Think of the line as a kind of “line of best fit” for this 
investigation. (Make sure students understand that the first click on “Least Square Lines” opens a prompt. Have 
them click on “Least Square Lines” a second time.)

13. Have students answer the questions.
14. Discuss answers with students.
 1.  Is there a positive, negative, or no relationship between bike weight and jump height? Explain your answer 

using the scatter plot. 
There is a negative relationship between bike weight and jump height because as one variable increases, 
the other variable decreases.

 2.  How does the jump height vary as the weight of the bike increases? 
As the weight of the bike increases, the maximum jump height decreases.

 3.  Calculate the slope or rate of change. What does it mean in context? 
The slope is -0.15. This means that for every additional pound, the bike caused a decrease of maximum jump 
height by 0.15 inches.

Explore 3 (Continued)
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Close reading strategies paired with informational text!

An interactive game that can be 
played with a class or individually 
to help students review the science 
concepts in the module.
Resources/Materials: 
Computer with Internet access
Time: 10 minutes

Inquiry videos that engage students 
and provide meaning.
Videos: 
Changes in Force and Motion
Time: 5 minutes each

Students will pick an amusement 
park ride and participate in an 
inner/outer circle discussion about 
the changes in motion, force, and 
direction that occur while riding.
Resources/Materials: 
Student Handout 
Internet-enabled device
Time: 1 hour

A slide presentation of important vocabulary terms 
along with a picture and definition.

Students use a Pre-, During-, and Post-Reading 
strategy to help comprehend the STEMscopedia 
informational text.

Resources/Materials: STEMscopedia  
Pre-Reading: Changes in Motion, Force,  
and Direction 
During Reading: Changes in Force and Motion 
Post-Reading: Deciphering Motion Scenarios
Time: 1 hour

Use these resources to connect hands-on 
learning experiences to science content.

Accelerate
Direction

Force
Mass

Motion
Net Force
Newton

Reference Frame

Embedded Strategies!

Picture Vocabulary

Concept Review Game Content Connections 
Video Communicate Science

STEMscopedia and Linking Literacy

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

Student Wondering of Phenomena: Why do some objects require more force to move than others?

INTEGRATE TECHNOLOGY

Materials
Printed
1 STEMscopedia (per student)
1 Changes in Motion, Force, and Direction (per class)
1 Changes in Force and Motion (per student)
1 Deciphering Motion Scenarios (per student)
Consumable
Index cards (if needed/requested by teacher)
Pre-Reading Instructions
1.  Display the Changes in Motion, Force, and Direction slide that shows a bowling ball, a soccer ball, and an 

associated question.
2. Instruct students to choose which ball would go further and why.
3. Instruct students to write the question and their answer either in their journal or on index cards.
4. Instruct students to list factors for their answer under their response.
During-Reading Instructions
1. Distribute Changes in Force and Motion.
2. Instruct students to read each section of text in the STEMscopedia.
3. Instruct students to fill in notes for each section of Newton’s Second Law as each is covered in the text.
Post-Reading Instructions
1. Distribute Deciphering Motion Scenarios.
2. Instruct students to read each scenario of motion.
3. Instruct students to use what they learned from the reading to complete each question.

Linking Literacy

Visit the Teacher Toolbox for additional 
Communicate Science resources!
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Students will explore connections 
and applications of science content 
through interactions with authentic, 
real-world media provided by 
Associated Press.
Watch It!: Parkour: The Art  
of Running
Resources/Materials: 
Student Handout
Time: 15 minutes

This Career Connections video is 
meant to be a tool that introduces 
your students to STEM careers and 
the 21st century skills needed to 
succeed in those fields. Watch the 
career video with your students 
and discuss how it applies to what 
they have learned. Your students 
will think like a STEM professional in 
no time!
Career: Heat Shield Engineer
Time: 15 minutes

A ready-made interactive 
experience to support students’ 
understanding of the science 
concept.

Experimenting With Forces
Forces and Motion: Basics

Resources/Materials: 
Computer with 
Internet access
Time: 15 minutes

A practice that uses at, below, and 
above grade-level appropriate math 
activities to address the concept.
Resources/Materials: 
Student Handout
Time: 30 minutes

An at, below, and above grade-
level reading passage about the 
concept, which includes five to eight 
comprehension questions.
Resources/Materials: 
Student Handout
Time: 30 minutes

An overview of a scientist who 
made a contribution to their  
specific field.
Resources/Materials: 
Digital Scientist Profile
Time: 15 minutes

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

Student Wondering of Phenomena: Why do some objects require more force to move than others?

This section includes numerous differentiation and extension 
opportunities to help teachers connect to other content areas!

Use these elements as stations in the 
classroom or assign them for homework!

These elements can be digitally 
assigned to students.

Math Connections

Science Today

Reading Science

Career Connections

Scientist Spotlight

Simulation Practice

Real 
World!

Students review vocabulary to 
complete a concept map and 
complete a card sort activity to 
differentiate between the effects of 
balanced and unbalanced forces.
Resources/Materials: 
1 Force Cards (per student) 
1 Force Card Sorting Chart (per student) 
1 Pair of scissors (per student) 
1 Glue stick (per student)
Time: 30 minutes

A fill-in-the-blank intervention 
activity that helps students master 
the vocabulary of this scope.
Resources/Materials: 
Student Handout
Time: 15 minutes

A multi-format quiz that assesses 
concept mastery after intervention 
has been administered.
Resources/Materials: 
Student Handout
Time: 15 minutes

Write a scientific explanation 
about why Amanda was having a 
hard time.
Resources/Materials: 
Student Handout
Time: 15 minutes

Five standards-based assessment 
questions designed to gauge 
students' understanding of the 
science concept using their 
selections of the best possible 
answers from a list of choices.
Resources/Materials: 
Student Handout
Time: 15 minutes

Short-answer and essay assessment 
questions to evaluate students' 
mastery of the concept.
Resources/Materials: 
Student Handout
Time: 15 minutes

INTERVENTION

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

Student Wondering of Phenomena: Why do some objects require more force to move than others?

Evaluate students' learning with a 
variety of assessment tools.

Guided Practice

Claim-Evidence-Reasoning

Independent Practice

Multiple Choice Assessment

Concept Attainment Quiz

Open-Ended Response

Use the elements in the 
Evaluate section to determine 
if students need intervention.

Reteach content 
and track progress.
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A set of ideas and activities that can help elaborate on 
the concept.
Resources/Materials: 
Force Diagrams 
Physics Poster 
Air Crushing a Can
Time: 30 minutes

A list of trade books aligned with 
the lesson.
Resources/Materials: 
Links to titles can be found online.
Time: 15 minutes

Shape Spinner
Resources/Materials: 
2 Circular, square, or oval shapes 
from white card stock, 2"–3"  
(per student) 
100 cm yarn (per student) 
1 Push pin (per group) 
1 Marker, box (per group) 
1 Stick glue (per group)
Time: 30 minutes

Science ArtBooks on Topic

Extensions

Challenge your students 
to think in new ways and 

extend their learning.

ACCELERATION

Student Wondering of Phenomena: Why do some objects require more force to move than others?

Visit the Teacher Toolbox 
for additional resources!

Connection to Segment 1 Mission

Information We Have Gained

Connection to Our Mission

What happens to the net force when forces are balanced? 
When forces are balanced, the net force is zero.

What happens to the net force when forces are unbalanced? 
When forces are unbalanced, the net force is not zero.

Diagram and label the forces that occur when a baseball player hits a fastball.

Action: force of the ball on the bat (backward) 
Reaction: force of the bat on the ball (forward)

Segment 1

8thgrade

Don’t Forget to Anchor the Learning 
of the Scope to the Mission!
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Disciplinary Core Ideas

• PS2.B: Types of Interactions 
Gravitational forces are always attractive. There 
is a gravitational force between any two masses, 
but it is very small except when one or both 
of the objects have large mass, e.g., Earth and 
the Sun.

• Forces that act at a distance (electric, magnetic, 
and gravitational) can be explained by fields that 
extend through space and can be mapped by 
their effect on a test object (a charged object, or 
a ball, respectively).

• All the elements found in the Gravitational Forces scope are 
designed to address the subelement for PS2.B.

• Students begin the scope by observing a falling object to 
explore gravity on Earth as an attractive force.

• Students go on to observe the effect of mass on 
gravitational force through a variety of activities, including 
models and simulations.

Science and Engineering Practices

• Engaging in Argument from Evidence 
Construct and present oral and written 
arguments supported by empirical evidence 
and scientific reasoning to support or refute an 
explanation or a model for a phenomena or a 
solution to a problem.

• Planning and Carrying Out Investigations 
Conduct an investigation and evaluate the 
experimental design to produce data to serve as 
the basis for evidence that can meet the goals of 
the investigation.

• In Explore 3, students create a scientific explanation 
about what variables have the most effect on the 
strength of the gravitational attraction between two 
massive objects.

• In Explore 2, students use evidence collected from the 
model system as well as scientific reasoning to construct 
a scientific explanation about gravitational forces.

Science and Engineering Practices – Scoring Rubric

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.

• Cause and Effect 
Cause-and-effect relationships may be used to 
predict phenomena in natural or  
designed systems.

• In Explore 1, students use a model to observe the effect 
of mass on the gravitational force between interacting 
objects in a system.

• In Explore 2, students explore the cause-and-effect 
relationship between gravity and the mass of objects.

Crosscutting Concepts – Scoring Rubric

Three-Dimensional Learning (Continued)

The above illustrates how we integrate the three dimensions through the scope. As we know that opportunities 
naturally occur to model other Crosscutting Concepts and Science and Engineering Practices in many ways, we only 
call out the ones directly aligned to the NGSS Framework here.

The above illustrates how we integrate the three dimensions through the scope. As we know that opportunities 
naturally occur to model other Crosscutting Concepts and Science and Engineering Practices in many ways, we only 
call out the ones directly aligned to the NGSS Framework here.

Three-Dimensional Learning

Performance Expectations
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.

Clarification Statement: Examples of evidence for arguments could include data generated from simulations or digital 
tools and charts displaying mass, strength of interaction, distance from the Sun, and orbital periods of objects within 
the solar system.

Assessment Boundary: Assessment does not include Newton’s Law of Gravitation or Kepler’s Laws.

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.

Clarification Statement: Examples of this phenomena could include the interactions of magnets, electrically charged 
strips of tape, and electrically charged pith balls. Examples of investigations could include first-hand experiences or 
simulations.

Assessment Boundary: Assessment is limited to electric and magnetic fields, and limited to qualitative evidence for 
the existence of fields.

Disciplinary Core Ideas Science and Engineering Practices Crosscutting Concepts

PS2.B: Types of Interactions 
Gravitational forces are always 
attractive. There is a gravitational 
force between any two masses, but it 
is very small except when one or both 
of the objects have large mass, e.g., 
Earth and the Sun. (MS-PS2-4)

PS2.B: Forces that act at a distance 
(electric, magnetic, and gravitational) 
can be explained by fields that extend 
through space and can be mapped by 
their effect on a test object (a charged 
object, or a ball, respectively). 
(MS-PS2-5)

Engaging in Argument  
from Evidence 
Construct and present oral and 
written arguments supported by 
empirical evidence and scientific 
reasoning to support or refute 
an explanation or a model for a 
phenomena or a solution to a 
problem. (MS-PS2-4)

Planning and Carrying  
Out Investigations 
Conduct an investigation and 
evaluate the experimental design to 
produce data to serve as the basis for 
evidence that can meet the goals of 
the investigation. (MS-PS2-5)

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-PS2-4)

Cause and Effect 
Cause-and-effect relationships may 
be used to predict phenomena in 
natural or designed systems. 
(MS-PS2-5)SA
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Scope Overview
This scope begins with the introduction to the student Investigative Phenomena in the Engage section. Students will 
use their Graphic Organizers as their note-taking devices to record the information gained in each section as they 
begin to form a conceptual model of the content as they move through the scope. The teacher uses the Accessing Prior 
Knowledge (APK) element to help pull out students’ current knowledge levels as well as any preconceptions they have 
before beginning the scope. In this Gravitational Forces APK, students read and respond to statements about gravity 
and then choose the one they consider most accurate. Students are asked to justify their answers and respond to the 
other statements they did not select. This will help uncover possible preconceptions students have before beginning 
the lesson. Teachers can keep any such preconceptions in mind as they move through the scope. The final element in 
the Engage section is the Hook. Here, the students have their first experience with the content. They will build on their 
knowledge as they continue moving through the scope.

Students then dig deeper into the content through the three Explore activities. In Explore 1, students use a model to 
observe the effect of mass on the gravitational force between interacting objects in a system. In Explore 2, students use 
evidence collected from the model system as well as scientific reasoning to construct a scientific explanation about 
gravitational forces. In Explore 3, they use a simulator to explore gravitational forces in space and gather evidence 
that gravitational attraction is dependent on mass. Explore 3 includes a formative CER assessment to help the teacher 
gauge students' understanding at that point. By the end of the Engage and Explore activities, students should be able 
to construct and present arguments, using evidence to support the claim that gravitational interactions are attractive 
and depend on the masses of interacting objects. In addition, students should be able to 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.

Students will continue to refine their knowledge of the content as they move through the elements in the Explain and 
Elaborate sections. Teachers can use any or all of the provided elements. We know that most classrooms have limited 
time, so teachers should choose the Explain and Elaborate elements that best fit the needs of their students. The teacher 
can then formally assess the students’ understanding by using any of the three summative assessments provided in the 
Evaluate section. If the students require additional help gaining proficiency with the content, resources can be found in 
the Intervention section. Students who have achieved mastery of the concept can move over to the Acceleration pieces.

Documents are available to help the teacher assess the CCCs and SEPs taught in this scope. These are located in the 
Home section of each scope. Question prompts or artifacts to look for throughout the scope are provided, as well as 
sample answers to help the teacher plot students’ understanding on the rubric. The information that is gathered on these 
forms can be used to track progress on the CCC and SEP Segment Inventory of Skills found in each segment and on the 
CCC and SEP Yearlong Inventory of Skills document located in the Teacher Toolbox.

Category K–2 3–5 Middle School High School

PS2.B: Types  
of Interactions

Pushes and pulls 
can have different 
strengths and 
directions, and can 
change the speed or 
direction of its motion 
or start or stop it.

The effect of 
unbalanced forces 
on an object results 
in a change of 
motion. Patterns of 
motion can be used 
to predict future 
motion. Some forces 
act through contact; 
some forces act even 
when the objects are 
not in contact. The 
gravitational force of 
Earth acting on an 
object near Earth’s 
surface pulls that 
object toward the 
planet’s center.

Forces that act at a 
distance involve fields 
that can be mapped 
by their relative 
strength and effect on 
an object.

Forces at a distance 
are explained by 
fields that can transfer 
energy and can be 
described in terms 
of the arrangement 
and properties of the 
interacting objects and 
the distance between 
them. These forces can 
be used to describe 
the relationship 
between electrical and 
magnetic fields.

Prior Knowledge and Progression
By the end of Grade 5, students should know that objects in contact exert forces on each other (e.g., friction, elastic 
pushes and pulls). Electric, magnetic, and gravitational forces between a pair of objects do not require that the objects 
be in contact. For example, magnets push or pull at a distance. The sizes of the forces in each situation depend on the 
properties of the objects and their distances apart and, for forces between two magnets, on their orientation relative 
to each other. The gravitational force of Earth acting on an object near Earth’s surface pulls that object toward the 
planet’s center.

SA
MP
LE



© Accelerate Learning Inc. - All Rights Reserved© Accelerate Learning Inc. - All Rights Reserved 8988

Gravitational Forces Gravitational Forces
SC

OP
E

SC
OP

E3 3
SEGMENT 1: OBJECTS MOVE AND COLLIDE SEGMENT 1: OBJECTS MOVE AND COLLIDE

magn
itude

direc
tion

tail

head

A vector is a quantity that has magnitude 
(a number) and direction, like the strength of 
the wind blowing in a certain direction. A scalar 
is a quantity that has only magnitude but no 
direction. Force is a vector because it has both a 
size (magnitude) and direction. You feel a force 
(push or pull) in a certain direction. Because 
of this, all force fields (magnetic, electric, and 
gravitational) are vector fields.

Gravity and electromagnetic forces have the 
ability to act at a distance. This means that 
objects can interact and show motion based on 
the interaction of their force fields, even if the 
objects are not in direct contact.

Gravity is one of the fundamental forces of nature. In 1687, Sir Isaac Newton introduced the law of universal 
gravitation. It states:

where
Fg is the gravitational force between two objects,
G is the gravitational constant,
m1 and m2 are the masses of the two objects, and
d is the distance between the two objects.

This law says that any two objects with mass exert a gravitational force on each other. The force on each object 
has the same magnitude. The magnitude is proportional to the product of the objects’ masses. Gravity has the 
ability to act at a distance, which means objects can interact and show motion based on interaction of their 
force fields even if the objects are not in direct contact. It is inversely proportional to the square of the distance 
between them. For example, the enormous mass of the Sun creates such a large gravitational field that it 
can pull the entire solar system around it. The gravitational fields of planets pull moons in orbit. Jupiter, the 
largest planet, has such a large gravitational field that it pulls more than 60 moons in orbit. Our small rocky 
planet, Earth, pulls only one moon in orbit.

The gravitational constant was measured by Henry Cavendish some 71 years after Newton’s death. Cavendish 
used an instrument called a torsion balance, which allowed him to measure the attraction between small lead 
balls. Since gravity is a very weak force, many precautions had to be taken to minimize disturbances caused 
by other forces such as air currents. In 2007, more precise measurements determined that the gravitational 
constant equaled 6.693 10-11 cubic meters per kilogram second squared. The gravitational constant does not 
appear to vary over the age of the universe.

Teacher Background

Phenomena

Scope Timeline

Students begin this scope by viewing a picture of Earth and its Moon and are encouraged to try to generate 
questions and answers as to why every planet doesn’t have a moon. As students move through the scope and 
investigate the Student Wondering of Phenomena question above they will be doing many activities to learn 
the information needed to describe the events happening in the Investigative Phenomena.

Throughout the scope students will interact with the following everyday phenomena:
• Why does an object fall to Earth when you drop it?
• What is the effect of mass on the gravitational force between interacting objects in a system?
• What is the relationship between mass and gravity?
• What are gravitational forces like in space?

Students will then apply what they have learned and how their thinking has changed on the Student 
Wondering of Phenomena question, “What causes the amount of gravitational force to change? ” to complete 
the Claim-Evidence-Reasoning assessment.

The knowledge and skills students gain during this scope will be anchored to their Mission using the Mission 
Log, and students will use it to complete their Mission Action Plan.

Student Wondering of Phenomena
What causes the amount of gravitational force to change?

30 min

ENGAGE

APK CERHOOK OER MCTEACHER 
CHOICE

TEACHER 
CHOICE

EXPLORE EXPLAIN ELABORATE EVALUATE

5 hrs 2 hrs 1 hr 1 hr
1 2 3

Fg =  G(m1m2) d2
m1m2
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5E Activity Assessment Options Notes and Suggestions

Planning Home
Standards Alignment
Teacher Background
Materials List
Answer Keys

Take note of 
which Explore 
activities you 
will assess using 
the CCC and SEP 
rubrics for this 
scope.

In addition to the Home elements listed on the left, it is 
essential to read the lesson plans and watch the set-up videos 
for each hands-on activity under Engage and Explore.
Optional: Introduce the Anchoring Phenomena and Mission 
Brief from the Mission Log within the Segment Resources.

Day 1 Engage
Graphic Organizer
Accessing Prior Knowledge
Investigative Phenomena
Hook – How Strong is Earth?

Accessing Prior 
Knowledge

The Graphic Organizer is just introduced on this day and 
can serve as a class anchor chart or as a student note-taking 
template throughout the scope.
Accessing Prior Knowledge is a formative pre-assessment and 
should not be graded for mastery.

Day 2
Explore Explore 1: Activity- Mass and 

Gravitational Force
Content Connections 
Video – Force Fields
Picture Vocabulary

Student Journal 
Responses
Content 
Connections  
Video questions
English Language 
Development

Optional: Use the Content Connections Video found under 
Explain to help you review/explain this content to students 
before/during the activity if needed.
The ELD Strategy activity can be used as an Exit Ticket.
Revisit the Investigative Phenomena from Day 1 and invite 
students to connect what they learned to the phenomena.Explain

Day 3
Explore Explore 2: Scientific 

Investigation: Gravitational 
Force Between Objects
STEMscopedia
Linking Literacy

Student Journal 
Responses
CCC and SEP 
Rubric
Linking Literacy:  
Concept Map
STEMscopedia: 
Try Now

Assign STEMscopedia reading as homework. If there is time 
during class, use the pre-reading strategy from Linking 
Literacy to prime students for independent reading.
Page 3 of the STEMscopedia contains a ‘Try Now’ activity 
that can be done during morning tutorials or when extra 
time allows.
Revisit the Investigative Phenomena from Day 1 and invite 
students to connect what they learned to the phenomena.Explain

Day 4 Explore Explore 3: ActiVity – 
Gravitational Forces in Space

Student Journal 
Responses
Embedded CER in 
Explore 3
SEP Rubric

If necessary, allow Explore 3 to carry over into the next 
instructional day.
Revisit the Investigative Phenomena from Day 1 and invite 
students to connect what they learned to the phenomena.

Day 5 Explain
Communicate Science:  
Creative Story
Concept Review Game

Communicate  
Science Rubric

Use Content Review Game as a warm-up or bell-ringer 
activity.
Revisit the Investigative Phenomena from Day 1 and invite 
students to connect what they learned to the phenomena.

Day 6*
*Optional 

Activities for 
Extension/

Differentiation

Elaborate
Teacher or  
student choice!
PhET: Simulation Practice – 
Gravity And Orbits

Utilize the Math Connections and Reading Science in your 
designated Math and Reading blocks.
Building an Elaborate day into your plan allows time to work 
with struggling students before moving into summative 
assessment.
Students who need more support can work with the teacher 
in small groups while other students are reviewing material 
from previous scopes.

Intervention Guided Practice
Independent 
Practice
Concept 
Attainment Quiz

Building an extra day into your plan allows time to work with 
struggling students using the activities from the Intervention 
element before moving to summative assessment.
Students who need more support can work with the teacher 
in small groups while other students are working on Elaborate 
or Acceleration elements or reviewing material from previous 
days.

Acceleration Science Art Activity – Center 
of Gravity Model

You can also move the summative evaluation up a day, which 
leaves time for Intervention/Acceleration after if necessary.

Day 7 Evaluate
Multiple Choice Assessment
Open-Ended Response
Claim-Evidence-Reasoning

Summative 
Assessments: 
MCA, OER, CER

The Investigative Phenomena introduced on Day 1 and used 
throughout the scope directly ties into the summative CER 
assessment. Use the Investigative Phenomena to prime 
students for this final assessment.
After completing the scope, go back to the Mission Log and 
have students complete the Graphic Organizer – Information 
Gained and Connection to the Mission.

This sample lesson plan is intended to illustrate one way to implement the scope. 
STEMscopes CA NGSS 3D is a flexible curriculum that can be modified to fit practically any schedule.

“Essential Track” elements are listed in blue 
and should be prioritized when time is short.

Student Wondering of Phenomena: What causes the amount of gravitational force to change?

8th Grade | Segment 1: Objects Move and Collide | Scope 3: Gravitational Forces

Teacher Background (Continued)

Gravity has several important 
characteristics. It has unlimited 
range. This means that all objects in 
the universe are attracted to all other 
objects in the universe. Since the 
force decays with distance squared, 
the attraction of very distant objects 
can usually be ignored unless they 
have a large mass. Gravity is a very 
weak force. So, although you attract 
the pencil on your desk and it attracts 
you, the force between you and the 
pencil is too small to make the pencil 
move. On the other hand, since 
Earth has a large mass, the pencil is 
attracted to Earth; if it is dropped, it 
will fall. Earth is also attracted to the 
pencil, but since the pencil’s mass is so small, the movement of Earth towards the pencil is too small to be 
noticed. Gravity is always attractive, never repulsive.

Gravity has an important role in the appearance and function of the universe. Scientists propose that 
immediately after the Big Bang, matter was unevenly distributed throughout the expanding universe. 
Gravitational attraction between atoms allowed the formation of clumps of matter, which eventually formed 
celestial bodies. The orbits of planets are governed by gravitational attraction between stars and planets and 
among planets. Moons are captured by planets when relatively slow-moving objects pass too closely to a 
planet. Astronomers infer the existence of invisible bodies based on their effects on observable orbits.

Direct and Inverse Relationships in the 
Law of Universal Gravitation

Mass and gravitational force are 
directly proportional. When the 

mass is doubled, the force of 
gravity is doubled.

Distance and gravitational force are inversely proportional. 
When the distance is double, the force of gravity is ¼.

10 m

5 m

5 m

¼ F

2 F

F

50 g 50 g

50 g 50 g

50 g100 g
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Description
In this activity, students read and respond to statements about gravity and then choose the one they consider most 
accurate. Students are asked to justify their answer and respond to the other statements they did not select.

Materials
Printed
1 Gravitational Forces (per student)

Preparation
•  Print one copy of Gravitational Forces for each student.

Facilitation
1. Distribute copies of Gravitational Forces to each student, and have them consider what they have learned in the 

past about gravity.
2. Direct students to read the statements about gravity made by the four students.
3. Have them respond individually to the questions below the statements; make sure they respond to all of the 

statements.
4. Ask students to share their choices and their reasoning with at least two other students.
5. Give students the opportunity to change their responses if someone presents them with evidence or reasoning 

they didn’t have before.
6. Introduce the following vocabulary:

a. Force: a push or pull that can change the motion of an object
b. Gravitational force: a force of attraction between two masses
c. Attractive: the tendency for one object to pull other objects toward it

7. Monitor students’ discussions for preconceptions.

Preconceptions
These preconceptions can be addressed as students move through the scope; they do not need to be clarified at this 
point. Be sure to keep in mind the preconceptions uncovered during this APK as you move through the scope.
•   Students may think that only large objects, such as planets, exert gravitational forces. 

All objects exert gravitational forces; gravitational force is the force of attraction between two masses, and objects 
have mass.

•   Students may confuse the concepts of mass and weight. 
Mass is the amount of matter in an object, and weight is the gravitational force acting on that object. The more 
mass, the greater the gravitational pull toward Earth.

Accessing Prior Knowledge

In this activity, students read and respond to 
statements about gravity and then choose the one 
they consider most accurate. Students are asked 
to justify their answer and respond to the other 
statements they did not select.
Resources/Materials: 
1 Gravitational Forces (per student)
Time: 15–30 minutes

Students observe a falling object to explore gravity on 
Earth as an attractive force.
Resources/Materials:  
1 How Strong Is Earth? (per student) 
1 Book (per group)
Time: 15 minutes

Set the stage for learning with real-world 
phenomena that students make sense of 
throughout the scope.
Resources/Materials: Student Handout
Time: 10-minute introduction, then a few minutes 
each day after instruction

The Graphic Organizer is a note-taking device 
students can use as they move through this scope.
Resources/Materials: Student Handout
Time: 10-minute introduction, then a few minutes 
each day after instruction

ENGAGE

HOME

EXPLAIN ELABORATE EVALUATEEXPLORE

Student Wondering of Phenomena: What causes the amount of gravitational force to change?

Teacher Background: A resource for the teacher that contains all the essential 
understandings related to the scope.
Standards Alignment: A correlation document that shows a scope’s 
connections to NGSS and the Common Core.
Answer Keys: A list of answers ranging from multiple choice to potential 
open-ended response answers.
Materials List: A self-calculating spreadsheet to identify all reusable and consumable material needed in each part 
of the module.

This section provides 
all of the resources 
needed to understand 
the content covered and 
prepare for instruction.

Launch the scope with these 
engaging resources!

Give context for student learning with 
real-world phenomena!

Investigative Phenomena

Accessing Prior Knowledge

Graphic Organizer

Hook

Hands 
On!
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Hook (Continued)
4. In the space below, draw and label a diagram to identify the interaction of the objects in the system you 

just observed.

Book

Floor (Earth)

Direction of book’s movement 
when released

6. Discuss:
• Imagine you are a giant floating high above Earth’s atmosphere. If you were holding another planet larger than 

Earth, what would happen?  
Earth would be pulled toward the larger planet.

• What if you dropped another planet with exactly the same mass as Earth? What do you think would happen? 
The two planets would move toward each other.

• Describe the interaction of gravitational forces between objects. 
Objects with mass are attracted to each other by the force of gravity. Gravitational force depends on the masses 
of the interacting objects.

Everyday Phenomena
Why does an object fall to Earth when you drop it?
Description
Students observe a falling object to explore gravity on Earth as an attractive force.
Materials
Printed
1 How Strong Is Earth? (per student)

Reusable
1 Book (per group)
Preparation
1. Print How Strong Is Earth? page for each student.
2. Prepare to distribute one book to each group.
Procedure and Facilitation Points
1. Pass out a book to each group.

2. Ask each group to choose one student to conduct the demonstration for them.

3. Instruct the student to hold the book flat at waist height and then drop it. Tell the students to observe 
what happens.

4. Introduce the following vocabulary:
•   Interacting objects: objects that affect one another

5. Then tell students to work on completing the questions on How Strong Is Earth? You can allow them to work as a 
group or on their own. Below are the questions from the handout:
1. What did you observe once the book was released? 

The book fell to the floor and remained there.
2. Why do you think the book acted the way it did? 

Earth’s gravity pulled the book down.
3. What are the interacting objects in the system you observed? 

The book and the ground (Earth) are the interacting objects in this system.

Hook
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Students use a simulator to explore gravitational forces in space and 
gather evidence that gravitational attraction is dependent on mass.
Resources/Materials:
1 Gravitational Forces in Space (per student)
1 Gravitational Forces in Space CER (per student)
1 Computer, with Internet access (per group or student)

Time: 1 hour

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

Roadblock 
Difficulty Writing

STEMcoach in Action 
Facilitating 
Claim-Evidence-Reasoning

Math Moment 
Ratios, Proportions, 
and Linear Relationships

Language Acquisition 
Claim-Evidence-Reasoning

Student Wondering of Phenomena: What causes the amount of gravitational force to change?

Explore 3: Activity

Additional Supports

Hands 
On!

Check out the full facilitation 
instructions online!

Students use a model to observe the effect of mass on the gravitational 
force between interacting objects in a system.
Resources/Materials:
1 Mass and Gravitational Force (per student)
1 Bed sheet, single-size, preferably of a more elastic fabric (per class)
2 Croquet balls (per class)*
1 Ping-pong ball (per class)*
*Other types of balls may be substituted for the croquet and ping-pong 
balls if they are not readily available; however, it is important that one be 
more massive than the other, such as a bearing and a marble or a pool 
ball and a Wiffle ball.
Time: 45 minutes + 5 days sustained inquiry

Students use a simulator to model system interactions between gravity 
and the mass of objects. Students use evidence collected from the model 
system and scientific reasoning to construct a scientific explanation 
about gravitational forces.
Resources/Materials:
1 Gravitational Force Between Objects (per student)
1 Computer, with Internet access (per student or group)

Time: 2 hours

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

Roadblock 
Difficulty Following  
Written Instructions

STEMcoach in Action 
Promoting Scientific Argumentation

Math Moment 
Ratios, Proportions, 
and Linear Relationships

Math Moment 
Ratios, Proportions, 
and Linear Relationships

Language Acquisition 
Inside and Outside

STEMcoach in Action 
Integrating Technology

Language Acquisition 
Acrostic

Explore 1: Activity

Explore 2: Scientific Investigation

Three Dimensional!

Additional Supports

Additional Supports

Student Wondering of Phenomena: What causes the amount of gravitational force to change?

Students work together to construct 
their own understanding of the content.

Hands 
On!

Hands 
On!

Don’t forget to use the Explain 
elements to support student 
learning as they explore!

Embedded questions and 
sample students' responses!
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7. Remove both balls from the sheet.
Test 2
8. Pull the sheet taut and place the ping-pong ball in the center of the sheet. 

9. Add a croquet ball a small distance away from the ping-pong ball.

10.  What observations did you make about the interaction of these objects during this test?  
The ping-pong ball moves toward the croquet ball.

11. Draw and label a diagram of the movement you observed in this test.

Croquet Ball
Ping-Pong Ball

12. Remove both balls from the sheet.
Test 3
13.  Pull the sheet taut, and place a croquet ball in the center of the sheet. Add a second croquet ball a small distance 

away from the first one.

14.  What observations did you make about the interaction of these objects during this test?  
Both of the croquet balls move toward each other.

15.  Draw and label a diagram of the movement you observed in this test.

Croquet Ball Croquet Ball

16. Remove both balls from the sheet.
17. Introduce vocabulary:

• Mass: a measure of how much matter is present in a substance
  Be sure they understand the difference between mass and weight, which depends not only on the mass but also 

the effect gravity has on the object.

Explore 1 (Continued)
Activity: Mass and Gravitational Force
Everyday Phenomena
What is the effect of mass on the gravitational force between interacting objects in a system?
Description
Students use a model to observe the effect of mass on the gravitational force between interacting objects in a system.
Materials
Printed
1 Mass and Gravitational Force (per student)

Reusable
1 Bed sheet, single-size, preferably of a more elastic fabric (per class)
2 Croquet balls (per class)*
1 Ping-pong ball (per class)*

Preparation
• Print Mass and Gravitational Force for each student.
• Before the activity, test the behavior of the croquet and ping-pong balls as they are placed in different locations on 

the sheet. It may work best if the sheet is folded in half lengthwise so the center of the fabric can be reached. Make 
sure you have chosen a sheet made of fabric with some elasticity. The more elastic the sheet is, the better the 
effect. One made of jersey-style cloth works well.

Procedure and Facilitation Points
Test 1
1. Four students should pull the edges of the sheet to make it taut.
2.  Place a croquet ball in the center of the sheet. You can have another student do this, or you can do this for the class.
3.  The students will write the observations they made during step 2. 

The ball sinks a little, forming an indentation in the sheet.
4. Add the ping-pong ball to the sheet a small distance away from the croquet ball.
5.  What observations did you make about these interacting objects during this test?  

The ping-pong ball moves toward the croquet ball.
6. Draw and label a diagram of the movement you observed in this test. 

Croquet Ball Ping-Pong Ball

Explore 1

*Other types of balls may be substituted for the croquet and ping-pong balls if they are not readily available; however, it is important that one be 
more massive than the other, such as a bearing and a marble or a pool ball and a whiffle ball.
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Activity: Gravitational Force Between Objects
Everyday Phenomena
What is the relationship between mass and gravity?
Description
Students use a simulator to model system interactions between gravity and the mass of objects. 
Students use evidence collected from the model system and scientific reasoning to construct a scientific explanation 
about gravitational forces.
Materials
Printed
1 Gravitational Force Between Objects (per student)
Reusable
1 Computer, with Internet access (per student or group)
Preparation
• Print Gravitational Force Between Objects for each student.
• Access the PhET website and find the “Gravity Force Lab” simulation.
• Run the simulation yourself ahead of time so that you can easily instruct students on how to find and start the 

simulation on their computers and answer any questions that come up on how to use it.
Technology Suggestion
This activity may be more effective if there is one computer per student, so they are sure to go through each step for 
themselves, but this can be done as a group if there are fewer computers available than students.
Procedure and Facilitation Points
1. Introduce the question: What factors affect the gravitational pull of two massive objects?

2. Instruct students to write their hypothesis. 

3. Instruct the students to follow the directions to complete the investigation.
1.  Students will need to access and launch the University of Colorado Boulder PhET simulation called 

“Gravity Force Lab” through the site.
2. Set the masses so that their centers are 4 m apart on the ruler. 
3. Set the mass of m1 to 40 kg.
4.  Set the mass of m2 to 5 kg. When the students get to this step, let them know that all they need to do to get 

their answers is to move the decimal 11 spaces to the right, and then round to the nearest whole number. 
5.  At the top of the screen, they will see the force listed, but it has quite a few zeros behind the decimal. Students 

need to write these as N x 10-11.
6. Fill in the table below with your result.
7.  Repeat steps 3–6, changing the mass for m2, so you will end up with data for m2 = 5, 10, 15, 20, 25, 30, 35, and 40 kg.

Explore 2
18.  Allow students time to complete the Conclusion questions on the second page of Mass and Gravitational Force. 

For this section, you can allow them to work as a group or work on their own.
•  In our model of gravitational force, what did the indentation caused by the balls on the sheet represent?  

The strength of the gravitational field of the ball
•  How were the interactions between the objects in Tests 1 and 2 different from the interaction in Test 3?  

In the first two tests, the ping-pong ball rolled toward the croquet ball. In the third test, the two croquet balls 
rolled toward each other.

•  What does this tell us about how the masses of two objects affect the gravitational force between them?  
The object with the larger mass will pull the object with the smaller mass toward it.

•  In our model, were we actually observing the gravitational force between the different balls? 
Explain your answer. 
No, we were actually observing the pull of Earth’s gravity, but the shape of the sheet and the motion of the 
balls illustrate how gravitational attraction between objects would look if we could observe it on Earth.

19.  Discuss: 
Earth exerts a powerful gravitational force close to its surface on all objects with mass. Small objects also exert 
gravitational forces on Earth and on other objects with mass that are close to them. These forces are too small 
for us to observe. We can use models to illustrate the interactions between objects of different mass due to the 
gravitational forces between them.

Explore 1 (Continued)
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2.  Is the gravitational force between the two objects attractive, repelling, or both? Explain how you know. 
Gravitational forces are always attractive. I know because gravity pulls things together, not push them apart.

3.  What is the relationship between the masses of the objects and the gravitational force between them?  
The larger the mass of an object, the greater the gravitational force.

4.  What other factor affected the gravitational force between the two objects in this simulation?  
Explain how you know.  
The distance between the objects affected the gravitational force. The closer together the objects were, the 
greater the gravitational force was between them.

5. Discuss to reach higher levels of thinking: 
• Which has more gravity, Earth or the Moon? 

Earth has more mass, so it has stronger gravity.
• What about an astronaut standing on the Moon? Would the gravity of Earth or the Moon be acting on the 

astronaut with more force? Why?  
The Moon because he is much closer to it.

• Earth has six times more mass than the Moon. Do you think there might be a point in space between Earth 
and the Moon where the gravity of each would pull on an object equally? (Students can discuss and debate to 
come to a conclusion.)  
Yes, if an object were placed in between Earth and the Moon, but six times closer to the Moon, the gravity of 
each would pull on it equally and it would remain in that spot held in perfect balance.

Explore 2 (Continued)
8. Change the distance between the masses to 6 m and repeat steps 3–7.

Gravitational Force (N x 10-11)
Mass of m2 

(kg)
From Distance of 

4 meters
From Distance of 

6 meters
5 82 36

10 164 73
15 247 109
20 329 145
25 411 182
30 493 218
35 575 254
40 658 291

9.  Use the information from your data table to create a line graph that shows both sets of data  
(from 4 m and 6 m). You will have two lines on the same graph.

distance = 4 m

distance = 6 m

Mass of m2 in kg

Gravitation Force Between Two Objects
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4. Allow students time to complete the conclusion questions:
1. What are the variables in this simulation?

a.  Independent (what you change): 
Mass of m2

b.  Dependent (what you observe): 
Gravitational force

c.  Control (what stays the same): 
Mass of m1, distance between the objects (for each data set)

Explore 2 (Continued)
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12.  What does the gray line represent?  
Earth’s orbit around the Sun

13.  Which object orbits the other? 
Earth is orbiting around the Sun.

Simulation 2
14. Choose the simulation of the Sun, Earth, and Moon from the option box at the top right. 
15.  Using just the images, compare the size (mass) of the Sun, Earth, and Moon.  

The Sun has the highest mass. Earth has less mass than the Sun. The Moon has less mass than the Sun and Earth.
16. Click the blue play button at the bottom of the screen.
17.  What does the purple line represent?  

The Moon’s orbit
18.  Why does Earth have a circular path while the Moon has a “flower-shaped” path?  

The Moon is also revolving around Earth as Earth revolves around the Sun.

Simulation 3
19. Choose the simulation of Earth and the Moon. 
20.  Using just the images, compare the size (mass) of Earth and the Moon.  

Earth has more mass than the Moon.
21. Click the blue play button at the bottom of the screen.
22.  Which object orbits around the other?  

The Moon orbits around Earth.
23.  Look closely at Earth. What do you observe about its motion?  

It appears to be wobbling.
24.  Increase the mass of the Moon to its maximum. What do you observe about the motion of Earth now?  

The wobble is more prominent.
25. Use the Sim Speed slider at the bottom of the screen to speed up the simulation.
26.  What do you observe about the motion of the Earth-Moon system?  

The whole system is moving across the grid.
27.  Why do you think this movement is happening?  

The Moon is exerting a gravitational force on Earth, causing Earth to move slightly.

Simulation 4
28. Choose the simulation of Earth and the satellite. 
29.  Using just the images, compare the size (mass) of Earth and the satellite.  

Earth has more mass than the satellite.
30. Click the blue play button at the bottom of the screen.

Explore 3 (Continued)
Activity: Gravitational Forces in Space
Everyday Phenomena
What are gravitational forces like in space?

Description
Students use a simulator to explore gravitational forces in space and gather evidence that gravitational attraction is 
dependent on mass.

Materials
Printed
1 Gravitational Forces in Space (per student)
1 Gravitational Forces in Space CER (per student)

Reusable
1 Computer, with Internet access (per group or student)

Preparation
• Print Gravitational Forces in Space and Gravitational Forces in Space CER for each student.
• Access the PhET website and find the “Gravity and Orbits” simulation.
• Run the simulation yourself ahead of time so that you can easily instruct students on how to find and start the 

simulation on their computers and answer any questions that come up on how to use it.

Procedure and Facilitation Points
1.  Instruct students to access and launch the University of Colorado Boulder PhET simulation called “Gravity and 

Orbits” through the site.
2. Click on the “Model” option for the purposes of this activity.
3. Walk through the instructions for each simulation below.

Simulation 1
4. Choose the simulation of the Sun and Earth from the option box at the top right. 
5.  Turn on Gravity Force, Path, and Grid. Remind the students that these should remain on throughout all of the 

simulations.
6.  What do the blue arrows indicate?  

The blue arrows indicate the gravitational force.
7.  Using just the images, compare the size (mass) of Earth and the Sun.  

The Sun has more mass than Earth.
8. Use the sliders to increase the masses of Earth and the Sun. 
9.  What happens to the blue arrows when you make this adjustment? The arrows grow longer.
10. Reset the size of Earth and the Sun.
11. Click the blue play button at the bottom of the screen. 

Explore 3
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An interactive game that can be 
played with a class or individually 
to help students review the science 
concepts in the module.
Resources/Materials: 
Computer with Internet access
Time: 10 minutes

Inquiry videos that engage students 
and provide meaning.
Video: Force Fields
Time: 5 minutes each

Students will write a story from the 
perspective of a person walking and 
living on Mars.
Resources/Materials: 
Student Handout 
Internet-enabled device
Time: 1 hour

A slide presentation of important vocabulary terms 
along with a picture and definition.
Attractive
Force
Gravitational Force
Interactive Object
Mass
Weight

Students use a Pre-, During-, and Post-Reading 
strategy to help comprehend the STEMscopedia 
informational text.

Resources/Materials: STEMscopedia  
Pre-Reading: Gravitational Forces 
During Reading: Gravitational Forces  
Hashtag Notes 
Post-Reading: Gravitational Forces Concept Map
Time: 1 hour

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

Student Wondering of Phenomena: What causes the amount of gravitational force to change?

Use these resources to connect hands-on 
learning experiences to science content.Embedded Strategies!

Picture Vocabulary STEMscopedia and Linking Literacy

Close reading strategies paired with informational text!

Concept Review Game Content Connections 
Video Communicate Science

Visit the Teacher Toolbox for additional 
Communicate Science resources!

INTEGRATE TECHNOLOGY
Sing standards-based science songs 
and dance to the tune with the 
Science Rock song!

31.  Which object orbits around the other?  
The satellite orbits around Earth.

32.  Turn off Gravity. What do you observe?  
The satellite moves away from Earth.

Conclusion Questions
33.  How do you think astronomers can determine the gravitational force between two celestial objects without 

measuring it directly?  
They can estimate the mass of the objects and the size of the orbit.

34.  Scientists are beginning to develop the technology to observe other Sun-like stars distant from our solar system. 
They can even detect large planets orbiting around some of these stars. Some stars appear to have no planets, but 
astronomers can see these stars wobble a bit in space. What do you think this means?  
Accept all answers. Astronomers currently believe the wobble indicates the gravitational pull of one or more 
planets orbiting the star that are too small to be seen directly.

CER
1.  Give students Gravitational Forces in Space CER and have them make a claim about what variables have the 

most effect on the strength of the gravitational attraction between two massive objects. Have students use their 
scientific reasoning to justify their claim. 

2.  Give students a chance to present their claim to other students in class or groups. Once students have presented 
their claim, allow time for rebuttals. 

Explore 3 (Continued)
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Materials
Printed
1 STEMscopedia (per student)
1 Gravitational Forces (per class)
1 Gravitational Forces Hashtag Notes (per student)
1 Gravitational Forces Concept Map (per student)

Pre-Reading Instructions
1. Display Gravitational Forces for all students to see.
2. Have students draw arrows to show the direction the balls would fall in each position. 
3. Discuss their thoughts with the class.

During-Reading Instructions
1. Distribute Gravitational Forces Hashtag Notes.
2. Instruct students to stop after reading each section and summarize it in one sentence.
3. Have students create a unique hashtag to help remember their summary.

Post-Reading Instructions
1. Distribute Gravitational Forces Concept Map.
2. Instruct students to use the information highlighted from the article to complete the concept map.

Linking Literacy
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Students will explore connections 
and applications of science content 
through interactions with authentic, 
real-world media provided by 
Associated Press.
Watch It!: The Earth’s Magnetic 
Field
Resources/Materials: 
Student Handout
Time: 15 minutes

This Career Connections video is 
meant to be a tool that introduces 
your students to STEM careers and 
the 21st century skills needed to 
succeed in those fields. Watch the 
career video with your students 
and discuss how it applies to what 
they have learned. Your students 
will think like a STEM professional 
in no time!
Career: Astronomer
Time: 15 minutes

A practice that uses at, below, and 
above grade-level appropriate math 
activities to address the concept.
Resources/Materials: 
Student Handout
Time: 30 minutes

An at, below, and above grade-
level reading passage about the 
concept, which includes five to eight 
comprehension questions.
Resources/Materials: 
Student Handout
Time: 30 minutes

An overview of a scientist who 
made a contribution to their 
specific field.
Resources/Materials: 
Digital Scientist Profile
Time: 15 minutes

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

Student Wondering of Phenomena: What causes the amount of gravitational force to change?

This section includes numerous differentiation and extension 
opportunities to help teachers connect to other content areas!

These elements can be digitally 
assigned to students.

Math Connections Reading Science Scientist Spotlight

Career Connections

A ready-made interactive 
experience to support students' 
understanding of the science 
concept.
Gravity and Orbits
Resources/Materials: 
Computer with Internet access
Time: 15 minutes

Simulation Practice

Real 
World!

Use these elements as stations in the 
classroom or assign them for homework!

Science Today
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A set of ideas and activities that can help elaborate on 
the concept.
Resources/Materials: 
Measuring Gravity’s Effects 
Astronomers and Gravity 
Changing Gravity
Time: 30 minutes

Center of Gravity Model
Resources/Materials: 
1 Cup, plastic (per person)
1 Packing peanut  
(per person)
1 Fork, plastic, lightweight, 
disposable (per person)
1 Pencil, full length, sharpened  
(per person)
1 Push pin (per group)
Time: 30 minutes

A list of trade books aligned with 
the lesson.
Resources/Materials: 
Links to titles can be found online.
Time: 15 minutes

Student Wondering of Phenomena: What causes the amount of gravitational force to change?

ACCELERATION

Extensions

Challenge your students 
to think in new ways and 

extend their learning.

Science Art Books on Topic

Visit the Teacher Toolbox 
for additional resources!

A multi-format quiz that assesses 
concept mastery after intervention 
has been administered.
Resources/Materials: 
Student Handout
Time: 15 minutes

Students review the effects of gravity by using a bed sheet and various balls 
to model the role of the Sun’s gravity in space. The students will demonstrate 
evidence that invisible, magnetic, and gravitational force fields exist  
between objects.
Resources/Materials: 
1 Gravity Activities (per student)
1 Large beaker (per pair)
1 Small beaker that will fit in large beaker (per pair)
10 Paper clips (per pair)
1 Bed sheet or tablecloth (per teacher)
1 Basketball (per teacher)
1 Tennis ball (per teacher)
1 Golf ball (per teacher)
Water (per pair)
Print a copy of Gravity Activities for each student.
Time: 30 minutes

A fill-in-the-blank intervention 
activity that helps students master 
the vocabulary of this scope.
Resources/Materials: 
Student Handout
Time: 15 minutes

Write a scientific explanation that 
explains the most likely reason why 
Mercury and Venus do not  
have moons.
Resources/Materials: 
Student Handout
Time: 15 minutes

Five standards-based assessment 
questions designed to gauge 
students’ understanding of the 
science concept using their 
selections of the best possible 
answers from a list of choices.
Resources/Materials: 
Student Handout
Time: 15 minutes

Short-answer and essay assessment 
questions to evaluate students' 
mastery of the concept.
Resources/Materials: 
Student Handout
Time: 15 minutes

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

Student Wondering of Phenomena: What causes the amount of gravitational force to change?

INTERVENTION

Evaluate students' learning with a 
variety of assessment tools.

Guided Practice

Claim-Evidence-Reasoning

Independent Practice

Multiple Choice Assessment

Concept Attainment Quiz

Open-Ended Response

Use the elements in the 
Evaluate section to determine 
if students need intervention.

Reteach content 
and track progress.

SA
MP
LE



© Accelerate Learning Inc. - All Rights Reserved 113

Kinetic Energy

SC
OP

E4SEGMENT 1: OBJECTS MOVE AND COLLIDE

© Accelerate Learning Inc. - All Rights Reserved112

Gravitational Forces
SC

OP
E 3

SEGMENT 1: OBJECTS MOVE AND COLLIDE

How does gravity relate to a person’s mass? 
Weight measures the gravitational pull on an object’s mass.

If a person is overweight, what body parts would most likely be negatively impacted by gravitational force? 
An overweight person’s knees, ankles, and feet would most likely be negatively impacted by gravitational force.

Connection to Segment 1 Mission

Information We Have Gained

Connection to Our Mission

What is Newton’s third law? 
Describe the relationship between mass and gravitational force. 
The more mass an object has, the harder it is to move. Gravity is the attraction between any two masses. The 
force of gravity is stronger when the masses are greater or the objects are closer. If there is a decrease in the 
mass or the objects move away from each other, the force gets weaker.

Do only objects of large mass exert gravitational force between each other? 
Objects of any mass exert gravitational force between each other.

Segment 1

8thgrade

Don’t Forget to Anchor the Learning 
of the Scope to the Mission!

The above illustrates how we integrate the three dimensions through the scope. As we know that opportunities 
naturally occur to model other Crosscutting Concepts and Science and Engineering Practices in many ways, we only 
call out the ones directly aligned to the NGSS Framework here.

Three-Dimensional Learning

Performance Expectations
MS-PS3-1: Construct and interpret graphical displays of data to describe the relationships of kinetic energy to the mass 
of an object and to the speed of an object.

Clarification Statement: Emphasis is on descriptive relationships between kinetic energy and mass separately from 
kinetic energy and speed. Examples could include riding a bicycle at different speeds, rolling different sizes of rocks 
downhill, and getting hit by a wiffle ball versus a tennis ball.

MS-PS3-5: Construct, use, and present arguments to support the claim that when the kinetic energy of an object 
changes, energy is transferred to or from the object.

Clarification Statement: Examples of empirical evidence used in arguments could include an inventory or other 
representation of the energy before and after the transfer in the form of temperature changes or motion of object.

Assessment Boundary: Assessment does not include calculations of energy.
Disciplinary Core Ideas Science and Engineering Practices Crosscutting Concepts

PS3.A: Definitions of Energy 
Motion energy is properly called 
kinetic energy; it is proportional to the 
mass of the moving object and grows 
with the square of its speed. 
(MS-PS3-1)

PS3.B: Conservation of Energy  
and Energy Transfer 
When the motion energy of an object 
changes, there is inevitably some 
other change in energy at the same 
time. (MS-PS3-5)

Analyzing and Interpreting Data 
Construct and interpret graphical 
displays of data to identify linear and 
nonlinear relationships. (MS-PS3-1)

Engaging in Argument  
from Evidence 
Construct, use, and present oral 
and written arguments supported 
by empirical evidence and scientific 
reasoning to support or refute 
an explanation or a model for a 
phenomena. (MS-PS3-5)

Scale, Proportion, and Quantity 
Proportional relationships (e.g., 
speed as the ratio of distance traveled 
to time taken) among different types 
of quantities provide information 
about the magnitude of properties 
and processes. (MS-PS3-1)

Energy and Matter 
Energy may take different forms 
(e.g., energy in fields, thermal energy, 
energy of motion). (MS-PS3-5)
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Category K–2 3–5 Middle School High School

PS3.A: Definitions  
of Energy N/A

Moving objects 
contain energy. The 
faster the object 
moves, the more 
energy it has. Energy 
can be moved from 
place to place by 
moving objects, 
or through sound, 
light, or electrical 
currents. Energy can 
be converted from one 
form to another form.

Kinetic energy can be 
distinguished from the 
various forms of potential 
energy. Energy changes to 
and from each type can be 
tracked through physical or 
chemical interactions. The 
relationship between the 
temperature and the total 
energy of a system depends 
on the types, states, and 
amounts of matter.

The total energy 
within a system is 
conserved. Energy 
transfer within and 
between systems 
can be described and 
predicted in terms 
of energy associated 
with the motion 
or configuration of 
particles (objects).

PS3.B: Conservation 
of Energy and  
Energy Transfer

[Content found  
in PS3.D]

Moving objects 
contain energy. The 
faster the object 
moves, the more 
energy it has. Energy 
can be moved from 
place to place by 
moving objects, 
or through sound, 
light, or electrical 
currents. Energy can 
be converted from one 
form to another form.

Kinetic energy can be 
distinguished from the 
various forms of potential 
energy. Energy changes to 
and from each type can be 
tracked through physical or 
chemical interactions. The 
relationship between the 
temperature and the total 
energy of a system depends 
on the types, states, and 
amounts of matter.

Systems move 
towards stable states.

Prior Knowledge and Progression
PS3.A 
By the end of Grade 5, students should know that the faster a given object is moving, the more energy it possesses. 
Energy can be moved from place to place by moving objects or through sound, light, or electric currents. (Boundary: At 
this grade level, no attempt is made to give a precise or complete definition of energy.)

PS3.B 
By the end of Grade 5, students should know that energy is present whenever there are moving objects, sound, light, or 
heat. When objects collide, energy can be transferred from one object to another, thereby changing their motion. In such 
collisions, some energy is typically also transferred to the surrounding air. As a result, the air gets heated, and sound is 
produced. Light also transfers energy from place to place. For example, energy radiated from the Sun is transferred to 
Earth by light. When this light is absorbed, it warms Earth’s land, air, and water and facilitates plant growth. Energy can 
also be transferred from place to place by electric currents, which can then be used locally to produce motion, sound, 
heat, or light. The currents may have been produced to begin with by transforming the energy of motion into electrical 
energy (e.g., moving water driving a spinning turbine, which generates electric currents).

Three-Dimensional Learning (Continued)

The above illustrates how we integrate the three dimensions through the scope. As we know that opportunities 
naturally occur to model other Crosscutting Concepts and Science and Engineering Practices in many ways, we only 
call out the ones directly aligned to the NGSS Framework here.

Disciplinary Core Ideas

• PS3.A: Definitions of Energy 
Motion energy is properly called kinetic energy; 
it is proportional to the mass of the moving 
object and grows with the square of its speed.

• PS3.B: Conservation of Energy and  
Energy Transfer 
When the motion energy of an object changes, 
there is inevitably some other change in energy 
at the same time.

• All the elements found in the Kinetic Energy scope are 
designed to address the subelements for PS3.A and PS3.B.

• Students begin the scope by exploring kinetic energy by 
building a chain of dominoes.

• Students go on to explore how increasing speed can affect 
kinetic energy; the relationships of kinetic energy, mass, 
and speed; and how to analyze the effectiveness of a 
football helmet in reducing the severity of impacts during 
in-game collisions.

Science and Engineering Practices

• Analyzing and Interpreting Data 
Construct and interpret graphical displays of data 
to identify linear and nonlinear relationships.

• Engaging in Argument from Evidence 
Construct, use, and present oral and written 
arguments supported by empirical evidence 
and scientific reasoning to support or refute an 
explanation or a model for a phenomena.

• In Explore 1, students gather data and calculate the 
speed and kinetic energy of their motion. They interpret 
this data to explain that kinetic energy can increase as 
the speed of an object increases.

• In Explore 2, students construct, analyze, and interpret 
graphical displays of kinetic energy, speed, and mass 
data to identify linear and nonlinear relationships. 

Science and Engineering Practices – Scoring Rubric

Crosscutting Concepts

• Scale, Proportion, and Quantity 
Proportional relationships (e.g., speed as 
the ratio of distance traveled to time taken) 
among different types of quantities provide 
information about the magnitude of properties 
and processes.

• Energy and Matter 
Energy may take different forms (e.g. energy in 
fields, thermal energy, energy of motion).

• In Explore 2, students use algebraic expressions and 
equations to represent proportional relationships of 
kinetic energy, mass, and speed while conducting a 
scientific investigation.

• In Explore 1, students explore energy in the form of 
kinetic energy.

Crosscutting Concepts – Scoring RubricSA
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Phenomena

Scope Timeline

Students begin this scope by viewing a video of a rollercoaster and are encouraged to try to generate 
questions and answers about where the most kinetic energy is when riding a roller coaster. As students move 
through the scope and investigate the Student Wondering of Phenomena question above they will be doing 
many activities to learn the information needed to describe the events happening in the  
Investigative Phenomena.

Throughout the scope students will interact with the following everyday phenomena:
• How does kinetic energy move through dominoes?
• What happens to kinetic energy as speed increases?
• How does mass affect kinetic energy?
• Do football helmets reduce the impact of collisions during a game?

Students will then apply what they have learned and how their thinking has changed on the Student 
Wondering of Phenomena question, “What is the relationship of mass and speed to kinetic energy?” to 
complete the Claim-Evidence-Reasoning assessment.

The knowledge and skills students gain during this scope will be anchored to their Mission using the Mission 
Log, and students will use it to complete their Mission Action Plan.

Student Wondering of Phenomena
What is the relationship of mass and speed to 
kinetic energy?

30 min

ENGAGE

APK CERHOOK OER MCTEACHER 
CHOICE

TEACHER 
CHOICE

EXPLORE EXPLAIN ELABORATE EVALUATE

3 hrs 2 hrs 1 hr 1 hr
1 2 3

Scope Overview
This scope begins with the introduction to the student Investigative Phenomena in the Engage section. Students will 
use their Graphic Organizers as their note-taking devices to record the information gained in each section as they 
begin to form a conceptual model of the content as they move through the scope. The teacher uses the Accessing Prior 
Knowledge (APK) element to help pull out students’ current knowledge levels as well as any preconceptions they have 
before beginning the scope. In this Kinetic Energy APK, students observe a picture of a baseball player throwing a ball. 
They discuss what kind of energy is represented in the picture, what determines the energy of the ball, and how the 
energy can be changed. This will help uncover possible preconceptions students have before beginning the lesson. 
Teachers can keep any such preconceptions in mind as they move through the scope. The final element in the Engage 
section is the Hook. Here, the students have their first experience with the content. They will build on their knowledge as 
they continue moving through the scope.

Students then dig deeper into the content through the three Explore activities. In Explore 1, they gather data and 
calculate the speed and kinetic energy of their motion. Then, they will explain that kinetic energy can increase as the 
speed of an object increases. In Explore 2, students use algebraic expressions and equations to represent proportional 
relationships of kinetic energy, mass, and speed while conducting a scientific investigation. They also construct, analyze, 
and interpret graphical displays of kinetic energy, speed, and mass data to identify linear and nonlinear relationships. 
In Explore 3, students create a pie graph to analyze the effectiveness of a football helmet in reducing the severity of 
impacts during in-game collisions. Explore 2 includes a formative CER assessment to help the teacher gauge students' 
understanding at that point. By the end of the Engage and Explore activities, students should be able to construct and 
interpret graphical displays of data to describe the relationships of kinetic energy to the mass of an object and to the 
speed of an object. In addition, they should be able to construct, use, and present arguments to support the claim that 
when the kinetic energy of an object changes, energy is transferred to or from the object.

Students will continue to refine their knowledge of the content as they move through the elements in the Explain and 
Elaborate sections. Teachers can use any or all of the provided elements. We know that most classrooms have limited 
time, so teachers should choose the Explain and Elaborate elements that best fit the needs of their students. The teacher 
can then formally assess the students’ understanding by using any of the three summative assessments provided in the 
Evaluate section. If the students require additional help gaining proficiency with the content, resources can be found in 
the Intervention section. Students who have achieved mastery of the concept can move over to the Acceleration pieces.

Documents are available to help the teacher assess the CCCs and SEPs taught in this scope. These are located in the 
Home section of each scope. Question prompts or artifacts to look for throughout the scope are provided, as well as 
sample answers to help the teacher plot students’ understanding on the rubric. The information that is gathered on these 
forms can be used to track progress on the CCC and SEP Segment Inventory of Skills found in each segment and on the 
CCC and SEP Yearlong Inventory of Skills document located in the Teacher Toolbox.SA
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For example, imagine you are about to drop a large rock at the 
top of a cliff at position A. Does the rock have energy there or 
not? The answer is yes. Though the rock is held in place (i.e., 
with no velocity), it still possesses potential energy due to the 
force of gravity acting upon it as it is about to fall. In addition, 
what is the related potential energy and total energy in this 
system at position A at the top of the hill? Since the velocity 
of the rock is zero, the kinetic energy is zero. Thus, the total 
energy must all be contributed by the potential energy. The potential energy at position A is, therefore, P(A), and 
total energy is E(A), where E(A) equals P(A). If the rock is released from position A, it will drop and pass position 
B down the cliffside. This moving object now has kinetic energy, the type of energy that is due to motion and 
mechanical movement. When you stop your vehicle at a red light on a street, does this system have kinetic energy? 
No. The kinetic energy here is zero because the vehicle is not moving. A stopped object does not have any kinetic 
energy. The rock’s potential energy changed to kinetic energy as it fell.
If you know the distance traveled by an 
object and how long it takes, the speed of the 
object can be calculated using this equation: 
speed equals distance divided by time. For a 
given mass, the kinetic energy of the object 
in motion can then be calculated using this 
equation: kinetic energy equals 0.5 multiplied 
by mass multiplied by speed squared. There 
is a direct relationship between mass and 
kinetic energy; as the mass increases, the 
kinetic energy increases. This relationship is 
proportional to the mass of the moving object 
and increases with the square of its speed. 
When an object rolls down an incline, the mass of the object affects its kinetic energy. The average speed of each 
ball rolling down the same ramp for the same distance can be used to calculate the kinetic energy for each ball. 
The kinetic energy of an object in motion is proportional to the mass of the object and grows with the square of 
its speed. The mass of each ball is different. As the mass of the ball increases, the kinetic energy of the ball also 
increases. Other examples of increased kinetic energy due to a faster speed or having more mass include a faster 
bicycle rider, hitting a golf ball instead of a table tennis ball, and rolling a car with more mass down an incline.

Kinetic energy depends on an object’s mass and speed. 
A large or fast car will have greater kinetic energy than a 
small or slow car. Potential energy is energy that is stored 
in a system. In science, the term potential means the 
object’s own ability to carry out a certain kind of work; 
however, it does not necessarily present the work.

W = F x d
W = m x a x d

E = m x g x hpotential = 1/2 m x v2Ekinetic

How to Calculate Kinetic Energy Using Mass and Speed

One of these runners has a 
mass of 55 kg and is moving 
at 3.87 m/s. What is his KE 
(in joules)?

KE = kinetic energy
m = mass
s = speed

KE = 0.5 x m x s2

KE = 0.5 x 55 kg x (3.87 m/s)2 
KE = 0.5 x 55 kg x (14.9769 (m/s)2

KE = 411.86 J

Teacher Background (Continued)
Kinetic energy (KE) is the energy of motion. For example:

•  Motion energy is mechanical energy used when objects 
move. Not only does it take energy to move something, but 
energy is also released when an object slows down. Wind 
and waves move, so they are examples of motion energy. If a 
force does not move a body, then no work is done. Standing 
still may be tiring, but no physical work over a distance is 
done. Holding a heavy object may take energy to keep it up 
off the ground, but no work is done over a distance.

•  Radiant energy is electromagnetic energy that moves as 
waves. Radiant energy includes visible light, x-rays, gamma rays, and radio waves. Sunshine is radiant energy 
that plants can convert into plant food. Animals then eat the plants in order to live. Sunlight is eventually 
converted into fossil fuels, which are burned.

•  Sound energy is the movement of energy through a medium in longitudinal (compression/expansion) waves. 
Sound is produced when a force causes an object or substance to vibrate. The energy is then transferred 
through the substance in a wave.

•  Electrical energy is delivered by the flow of tiny charged particles, usually through a wire. Lightning is an 
example of electrical energy in nature. The electrical energy that power lines bring to homes, schools, and 
businesses has transformed our modern world.

•  Thermal energy is the vibration and movement of the atoms and molecules within substances. When heat 
energy is added to an object, its atoms and molecules move and collide faster. Ovens, toasters, dryers, and heat 
lamps are examples of inventions that convert electrical energy to thermal energy.

Matter in motion has kinetic energy. Kinetic energy depends on an object’s mass and velocity. The faster 
something is moving and/or the larger it is, the more kinetic energy it has. Kinetic energy is the motion of waves, 
electrons, atoms, molecules, substances, and objects. The motion can be large, such as with celestial bodies in 
orbit, moving organisms, objects, machines, wind, waves, and sound; or the motion can be small, such as with 
heated particles, the flow of charges, or changing electrical and magnetic fields. In this module, students will 
focus on the kinetic energy of motion.
Kinetic energy of motion is mechanical energy in the movement of objects. It takes energy to get an object 
moving, and energy is released when an object slows down. Wind and waves are an example of motion 
energy. Energy is also defined as the work done by a force acting over a distance and is measured in units of 
Newton-meters called joules (J). No work is done if the force does not move the body. Standing still may be tiring, 
but no physical work over a distance is done. In physics, the context is important, especially when mechanical 
energy refers to the sum of the potential and kinetic energy in a system.

Teacher Background

If mass or velocity (speed) increases, kinetic energy increases
More velocity = more kinetic energy

More kinetic 
energy

Less kinetic 
energy

10 kg

10 kg

5 m/s

10 m/s

More mass = more kinetic energy
More kinetic 

energy

Less kinetic 
energy

20 kg

10 kg

10 m/s

10 m/s

Forms of Kinetic Energy 

Radiant Sound

Electrical Thermal

Mechanical/Motion
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In this activity, students observe a picture of a 
baseball player throwing a ball. They discuss what 
kind of energy is represented in the picture, what 
determines the energy of the ball, and how the 
energy can be changed.
Resources/Materials: 
1 Kinetic Energy (per student)
Time: 15–30 minutes

Students explore kinetic energy by building a chain  
of dominoes.
Resources/Materials:  
1 Dominoes (per student) 
20 Dominoes or small wooden blocks, 
approximately (per group)
Time: 30 minutes

Set the stage for learning with real-world 
phenomena that students make sense of 
throughout the scope.
Resources/Materials: Student Handout
Time: 10-minute introduction, then a few minutes 
each day after instruction

The Graphic Organizer is a note-taking device 
students can use as they move through this scope.
Resources/Materials: Student Handout
Time: 10-minute introduction, then a few minutes 
each day after instruction

ENGAGE

HOME

EXPLAIN ELABORATE EVALUATEEXPLORE

Student Wondering of Phenomena: What is the relationship of mass and speed to kinetic energy?

Teacher Background: A resource for the teacher that contains all the essential 
understandings related to the scope.
Standards Alignment: A correlation document that shows a scope’s 
connections to NGSS and the Common Core.
Answer Keys: A list of answers ranging from multiple choice to potential 
open-ended response answers.
Materials List: A self-calculating spreadsheet to identify all reusable and consumable material needed in each part 
of the module.

This section provides 
all of the resources 
needed to understand 
the content covered and 
prepare for instruction.

Launch the scope with these 
engaging resources!

Give context for student learning with 
real-world phenomena!

Investigative Phenomena

Accessing Prior Knowledge

Graphic Organizer

Hook

Hands 
On!

5E Activity Assessment Options Notes and Suggestions

Planning Home
Standards Alignment
Teacher Background
Materials List
Answer Keys

Take note of 
which Explore 
activities you 
will assess using 
the CCC and SEP 
rubrics for this 
scope.

In addition to the Home elements listed on the left, it is 
essential to read the lesson plans and watch the set-up videos 
for each hands-on activity under Engage and Explore.
Optional: Introduce the Anchoring Phenomena and Mission 
Brief from the Mission Log within the Segment Resources.

Day 1 Engage
Graphic Organizer
Accessing Prior Knowledge
Investigative Phenomena
Hook – Dominoes

Accessing Prior 
Knowledge

The Graphic Organizer is just introduced on this day and 
can serve as a class anchor chart or as a student note-taking 
template throughout the scope.
Accessing Prior Knowledge is a formative pre-assessment and 
should not be graded for mastery.

Day 2
Explore Explore 1: Activity – Speed 

and Motion
Picture Vocabulary

Student Journal 
Responses

Revisit the Investigative Phenomena from Day 1 and invite 
students to connect what they learned to the phenomena.
If necessary, allow Explore 1 to carry over into the next 
instructional day.Explain

Day 3 + 4

Explore Explore 2: Activity – The 
Effect of Mass
STEMscopedia
Linking Literacy
Picture Vocabulary Activity: 
Word in a Picture

Student Journal 
Responses
Embedded CER in 
Explore 2
SEP Rubric
Linking Literacy:  
Coaster Quest
STEMscopedia: 
Try Now

Assign STEMscopedia reading and the during-reading strategy 
Categorizing Factors for Understanding from Linking Literacy 
as homework. If there is time during class, use the pre-reading 
strategy to prime students for independent reading.
The Picture Vocabulary Activity can be used as an  
Exit Ticket.
Revisit the Investigative Phenomena from Day 1 and invite 
students to connect what they learned to the phenomena.

Explain

Day 5

Explore
Explore 3: TUVA – Helmet 
Physics
Concept  
Review Game

Student Journal 
Responses
CCC Rubric
English Language 
Development:  
Public Service

Use Content Review Game as a warm-up or  
bell-ringer activity.
Utilize additional fostering data utilization resources in 
STEMcoach in Action: Click on ‘Visit Site’ button. If time and/or 
technology is a factor, project the TUVA module and complete 
the activity whole-group
The ELD Strategy activity can be used as an Exit Ticket.
Revisit the Investigative Phenomena from Day 1 and invite 
students to connect what they learned to the phenomena.

Explain

Day 6*
*Optional 

Activities for 
Extension/

Differentiation

Elaborate
Teacher or student choice!
PhET: Simulation Practice – 
Energy Skate Park

Utilize the Math Connections and Reading Science in your 
designated Math and Reading blocks.

Intervention Guided Practice
Independent 
Practice
Concept 
Attainment Quiz

Building an extra day into your plan allows time to work with 
struggling students using the activities from the Intervention 
element before moving to summative assessment.
Students who need more support can work with the 
teacher in small groups while other students are working on 
Elaborate or Acceleration elements or reviewing material from 
previous days.

Acceleration Science Art Activity – Mini 
Marshmallow Catapult

You can also move the summative evaluation up a day, which 
leaves time for Intervention/Acceleration after if necessary.

Day 7 Evaluate
Multiple Choice Assessment
Open-Ended Response
Claim-Evidence-Reasoning

Summative 
Assessments: 
MCA, OER, CER

The Investigative Phenomena introduced on Day 1 and used 
throughout the scope directly ties into the summative CER 
assessment. Use the Investigative Phenomena to prime 
students for this final assessment.
After completing the scope, go back to the Mission Log and 
have students complete the Graphic Organizer – Information 
Gained and Connection to the Mission.

This sample lesson plan is intended to illustrate one way to implement the scope. 
STEMscopes CA NGSS 3D is a flexible curriculum that can be modified to fit practically any schedule.

“Essential Track” elements are listed in blue 
and should be prioritized when time is short.

Student Wondering of Phenomena: When is the most kinetic energy being used when riding a rollercoaster?

8th Grade | Segment 1: Objects Move and Collide | Scope 4: Kinetic Energy
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Everyday Phenomena
How does kinetic energy move through dominoes?
Description
Students explore kinetic energy by building a chain of dominoes.
Materials
Printed
1 Dominoes (per student)
Reusable
20 Dominoes or small wooden blocks, approximately (per group)
Preparation
No special preparation is required for this activity.
Students will need table or floor space to set up their chain reactions.
Procedure and Facilitation Points
1. Before you begin, discuss the following with the class:

• What is kinetic energy? 
The energy of motion

• What are some examples of kinetic energy? 
Accept all answers. A rolling ball, an object bumping into something, a person running, etc.

• What happens when a moving object bumps into a stationary object? 
Accept all answers for now.

2. Have the students follow the steps and complete the activity.
1. Create a line of dominoes by standing each domino on its tall end. Space them close enough together so they 

will hit each other when they fall.
2. Your line may be straight or curved.
3. When the line is built, knock over the first domino with your finger and observe what happens.
4. Record your observations in the space below.

3. Discuss the following with the class:
• What did you observe when you knocked over the first domino in the chain? 

It knocked over the second one and started a chain reaction through all the dominoes.
• How is this an example of kinetic energy? 

The forward motion of each domino was transferred to the next one as it hit.
• How could you modify this experiment to stop the chain of falling dominoes before it reaches the end? 

Accept all ideas. An object of greater mass could be used to replace the domino where you want the chain to stop.
• How could you modify the experiment to increase the kinetic energy in the middle of the chain? 

Accept all answers. One way would be to insert a downward ramp in the chain to take advantage of gravity.
• What observations did you make from the activity? 

When I knocked over the first domino, it knocked over the next one and started a chain reaction until all the 
dominoes fell over.

HookAccessing Prior Knowledge
Description
In this activity, students observe a picture of a baseball player throwing a ball. They discuss what kind of energy is 
represented in the picture, what determines the energy of the ball, and how the energy can be changed.

Materials
Printed 
1 Kinetic Energy (per student)

Preparation
• Print one copy of Kinetic Energy for each student.

Facilitation
1.  Distribute copies of Kinetic Energy to each student, and have them consider what they have learned in the past 

about kinetic energy.
2.  Have students examine the picture of the baseball player and discuss the questions below it in pairs or within 

their small groups. 
3. Direct students to record their thoughts and be prepared to share their ideas with the class.
4. Monitor students’ discussions for preconceptions.

Preconceptions
These preconceptions can be addressed as students move through the scope; they do not need to be clarified at this 
point. Be sure to keep in mind the preconceptions uncovered during this APK as you move through the scope.

• Students may think that a lighter object has more kinetic energy than a heavier object because lighter objects 
move faster than heavier objects. 
The kinetic energy of an object depends on both the speed and mass of the object. The more mass and speed, the 
more kinetic energy.

• Students may think that the kinetic energy of an object depends on its size. 
Kinetic energy depends on the speed and mass of the object; it does not depend on its size, shape, materials, or 
direction of motion. SA
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Students will create a pie graph to analyze the effectiveness of a football 
helmet in reducing the severity of impacts during in-game collisions.
Resources/Materials: 
1 NFL Helmet Physics (per student)
1 Helmets (per class)
1 Computer (per student or group)
1 Set, colored pencils (per student)
1 Document camera attached to a projector (per class)

Time: None

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

STEMcoach in Action 
Integrating Technology

Language Acquisition 
Public Service

Student Wondering of Phenomena: What is the relationship of mass and speed to kinetic energy?

Explore 3: TUVA

Additional Supports

Hands 
On!

Students work in 
collaborative groups.

Check out the Teacher Toolbox for 
additional planning documents, 
instructional resources, and interactives!

Don’t forget to use the Explain 
elements to support student 
learning as they explore!

Students gather data and calculate the speed and kinetic energy of their 
motion. Students explain that kinetic energy can increase as the speed of 
an object increases.
Resources/Materials:
1 Speed and Motion (per student)
1 Timing device (per group)
1 Roll of masking tape (per group)
1 Metric measuring tape or meterstick (per group)
1 Marker (per class)
Time: 45 minutes + 3 days sustained inquiry

Students use algebraic expressions and equations to represent 
proportional relationships of kinetic energy, mass, and speed while 
conducting a scientific investigation. Students construct, analyze, and 
interpret graphical displays of kinetic energy, speed, and mass data to 
identify linear and nonlinear relationships.
Resources/Materials:  
1 The Effect of Mass (per student)
1 The Effect of Mass CER (per student)
1 Board, 1–2 meters long (per group)
6 Books, any width (per group)
3 Balls, solid, smooth, similar size, different mass (per group)
1 Triple beam balance or electronic scale (per group)
1 Metric measuring tape (per group)
1 Timing device (per group)
2 Rolling chairs (per class)
1 Permanent marker (per class)
1 Marker (per group)
1 Calculator (per group)
1 Roll of masking tape (per group)
Time: 1 hour

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

Math Moment 
Unit Rate, Proportions, 
and Linear Relationships

Math Moment 
Unit Rate & Linear Relationships

STEMcoach in Action 
Fostering Data Utilization

STEMcoach in Action 
Cultivating Scientific Investigations

Language Acquisition 
Wall to Wall

Language Acquisition 
Caption It

Roadblock 
Limited Math Skills

Explore 1: Activity

Explore 2: Scientific Investigation

Three Dimensional!

Additional Supports

Additional Supports

Student Wondering of Phenomena: What is the relationship of mass and speed to kinetic energy?

Students work together to construct 
their own understanding of the content.

Hands 
On!

Hands 
On!

Check out the full facilitation 
instructions online!

Embedded questions and 
sample students' responses!
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• What is speed and how is it calculated? 
The rate of change of position (or distance traveled) with respect to time; the unit measuring speed is distance 
per time (example: meters per second) or distance divided by time.

• In this activity, you used a constant mass. What is mass? 
A measure of how much matter is present in a substance

• Kinetic energy is the energy of motion or moving objects. What happened to kinetic energy as objects speeded 
up in this activity? 
The kinetic energy increased.

• What if we repeated the same motions in the same amount of time but while carrying weights? How would our 
speed and/or kinetic energy be affected?  
The speeds would be the same, but the kinetic energy would increase because the mass was increased.

• Your line graph in this activity reflected one of two types of relationships. If speed remains constant, you 
would see a straight line (linear relationship). If speed varies, the line might be curved or jagged, indicating a 
nonlinear relationship. What type of relationship did your graph show? 
Nonlinear: the lines were not straight

Explore 1 (Continued)
Activity: Speed and Motion
Everyday Phenomena
What happens to kinetic energy as speed increases?

Description
Students gather data and calculate the speed and kinetic energy of their motion.
Students explain that kinetic energy can increase as the speed of an object increases.

Materials
Printed
1 Speed and Motion (per student)

Reusable
1 Timing device (per group)
1 Roll of masking tape (per group)
1 Metric measuring tape or meterstick (per group)
1 Marker (per class)

Preparation
• Print copies of Speed and Motion.

Procedure and Facilitation Points
1.  Ask students: What is the relationship between mass and kinetic energy? 

They are proportional.
2.  What other variable determines the kinetic energy of an object? 

Its speed
3.  How can we demonstrate the relationship between speed and kinetic energy? 

We can time how long it takes an object with a constant mass to travel a known distance at slow, medium, and fast 
modes of motion. We can then calculate the different speeds of travel for that mass and the resulting change in 
kinetic energy.

4. Together, read through the Activity paragraph from Speed and Motion.
5. Students will work through this activity in groups while the teacher facilitates.
6.  When all groups have finished “racing” and have recorded their data, complete a group share in which all groups 

explain their results.
7. After the group share, students will respond to questions 1–4 on Speed and Motion page 2.
8. Conduct a post-activity discussion with the following questions/topics:

• The law of conservation of energy states that energy cannot be created or destroyed. Where did the kinetic 
energy you used to perform these movements come from? 
From the chemical energy in our food

Explore 1
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Differentiation Points
The investigation is written to encourage the students to plan and implement their own investigation with your 
guidance. You can provide appropriate grouping/differentiated inquiry with the following scaffolding suggestions:

• Group students who need more guided practice together and spend more time with them to develop their 
procedure. Let the other groups work more independently.

• Group students with mixed needs and have them work together to develop a procedure. Monitor all 
groups equally.

Procedure and Facilitation Points
1. Teacher Demonstration:

• Place two rolling chairs on the floor next to each other.
• Stack books or other heavy objects on one of the chairs to significantly increase its mass.
• Push the chairs so that they travel at approximately the same speed.
• The goal of the demonstration is to communicate the idea that the chair with the higher mass has more 

kinetic energy.
2. Pre-Investigation Questions:

• What was the difference between the two chairs when they were moving? 
Students might not use the term kinetic energy, but they should be able to communicate the idea that the one 
with the books has more “something.” Students may use terms like "energy" or "oomph."

• If you were going to be hit by one of the two chairs, which one would hurt the worst and why? 
Again, students might not use the term "kinetic energy," but they should be able to communicate the idea that 
the one with the higher mass would hurt more.

3.  Allow students time to read through the procedure or demonstrate the procedure. Ask the students, what are 
we trying to determine as we carry out this investigation? Discuss their ideas and come to a consensus. Direct 
students to write an investigation question and hypothesis in the spaces provided.

4.  Tell the students their challenge is to perform an investigation to observe the relationship between mass 
and kinetic energy. Review the formulas for calculating kinetic energy: KE = ½ x mass x speed2 and 
speed = distance/time.

5.  Students will work in groups on The Effect of Mass, while the teacher moves about the room facilitating their work.

6.  When students begin graphing their results, lead a discussion with the following questions:

a. What relationship between mass, speed, and kinetic energy was shown in the data you collected? 
The graph shows a relationship between mass and kinetic energy; as the mass increases the kinetic energy 
increases. This relationship is proportional to the mass of the moving object and increases with the square of 
its speed.

Explore 2 (Continued)Explore 2
Activity: The Effect of Mass
Everyday Phenomena
How does mass affect kinetic energy?
Description
Students use algebraic expressions and equations to represent proportional relationships of kinetic energy, mass, and 
speed while conducting a scientific investigation.

Students construct, analyze, and interpret graphical displays of kinetic energy, speed, and mass data to identify linear 
and nonlinear relationships.
Materials
Printed
1 The Effect of Mass (per student)
1 The Effect of Mass CER (per student)

Reusable
1 Board, 1–2 meters long (per group)
6 Books, any width (per group)
3 Balls, solid, smooth, similar size, different mass (per group)
1 Timing device (per group)
2 Rolling chairs (per class)
1 Triple beam balance or electronic scale (per group)
1 Metric measuring tape (per group)
1 Permanent marker (per class)
1 Marker (per group)
1 Calculator (per group).

Consumable
1 Roll of masking tape (per group)
Preparation
• Print The Effect of Mass and The Effect of Mass CER pages. They can be printed individually for student use, as a 

reusable class set, or assigned online.
• Review the Writing a Scientific Explanation Rubric Key for Teacher prior to conducting the CER with students.
• Use a permanent marker to label three different balls A, B, and C for each group. Make sure they each have a 

different mass. The more difference, the better the data will look. Balls that are solid and relatively smooth work 
the best. Balls must be able to roll down a ramp in a straight line. Set up a prototype ramp with four books under 
one end of the board to create an incline. Place two books at the end of the board in a “V” pattern to stop the balls. 
Two metersticks can be taped to the board to create a lane to contain the balls if needed. 
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Explore 3
Tuva: Helmet Physics 
Everyday Phenomena
Do football helmets reduce the impact of collisions during a game?
Description
Students will create a pie graph to analyze the effectiveness of a football helmet in reducing the severity of impacts 
during in-game collisions.
Materials
Printed
1 Helmet Physics (per student)
1 Helmets (per class)
Reusable
1 Computer (per student or group)
1 Document camera attached to a projector (per class)
1 Set, colored pencils (per student)
Preparation
• Print Helmet Physics. Pages can be printed individually for student use, as a reusable class set, or assigned online.
• Print Helmets.

• You can also conduct an Internet search for photographs of football helmets from various time frames, such as 
the 1920s, 1940s, 1980s, 2000s, 2017, etc. Print out two photos from extremely different eras, e.g., the ’20s and 
a current helmet

TUVA Data Set: NFL Football Helmet Physics
Go to site to access the interactive TUVA Data Set.

Procedures and Facilitation Points
Initiate a discussion on the popularity of football from middle school all the way to the professional leagues. Bring 
up the idea of safety while playing football. Encourage the students to identify safety equipment worn by the players 
during the game.
Display a picture of an old football helmet beside a modern helmet. 

Ask the following questions.
• What is the purpose of a football helmet?  

A football helmet is worn to protect a player’s head during a football game.
• Why does the head need specific protection during a football game?  

Football players crash their heads together and also crash their heads into the ground and other players’ bodies. 
The helmets protect them from getting concussions.

Explore 2 (Continued)
7. Discuss: 

a. Why did all of these objects accelerate to approximately the same speed? 
All objects being pulled down by gravity accelerate at the same rate unless another force like friction or air 
resistance interferes.

b. Which object had the most kinetic energy as it rolled down the ramp? 
The one with the most mass had the most kinetic energy because mass and velocity control the amount of 
kinetic energy something has and all these objects had the same velocity.

c. Record this example of energy and matter on the class Crosscutting Concept chart. Discuss other examples of 
energy and matter that the students have previously explored. Charts can be found in the Teacher Toolbox.

8.  Students will complete their graphs and the CER to write a scientific explanation about the relationship between 
mass and kinetic energy.
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Explore 3 (Continued)
Allow the students to complete the investigation independently. Circulate among the groups, asking questions and 
redirecting thinking as needed.
Instruct students to first reset the data. Click on the “Dot” tab. Then drag “Change in Velocity” to the x-axis and 
“Severity Index” to the y-axis.
Have students choose “Least Squares Line” under Stats. Think of the line as a kind of "line of best fit" for this 
investigation. (Make sure the students understand that the first click on “Least Square Lines” opens a prompt. 
They must click on “Least Square Lines” a second time.)
Have students answer the questions.
Discuss answers with students.
1.  What type of relationship do you notice between change in velocity and severity index? 

As the change in velocity increased, the severity index increased.
2.  How can you explain this relationship in terms of energy? 

The kinetic energy of an object is directly proportional to its speed squared and its mass. Therefore, an object 
with greater velocity has more kinetic energy than the same object with less velocity. Consequently, more kinetic 
energy is transferred when the object collides with another object.

3.   If a lower severity index indicates a safer helmet, which helmet do you think does a better job of protecting the 
user’s head and reducing the risk of injury? Give evidence from the graph to explain your answer. 
Helmet 1 did a better job of reducing risk. The sum of the severity index for helmet 1 was 3728, while the sum of 
the severity index for helmet 2 was 4672. (The mean severity index for helmet 1 is 466, while the mean severity 
index for helmet 2 is 584.) The lower severity index indicates a safer helmet.

• How are the old helmet and the modern helmet alike? How are they different? 
Sample students' responses for alike may include: they are both worn during a football game; they both cover the 
head; they are meant to protect the football player, etc. Sample students' responses for different may include: 
materials out of which they are made; the way they are constructed; the amount of padding inside the helmet, etc.

• If you were playing in a football game today, which helmet would you want to wear? Why? 
I would want to wear the modern helmet because I think it would do a better job of protecting my head. 
(You might have some responses about how the old helmet looks “cooler.” If you get this type of response, remind 
students of the helmet’s purpose.)

• Why do you suppose helmets have changed over the years? 
Manufacturers have tried to make helmets safer so that there is less chance of a player getting a concussion.

• How do you think helmets might be tested to see if they are effective at preventing player concussions? 
Accept all answers at this time. The question is meant to assess students’ ideas and identify misconceptions. 
Students will investigate how helmets are tested during the rest of this activity.

Have students access the NFL Football Helmet Physics data set.
Have students read and briefly discuss the information given at the opening of the activity.
Have students click out of the information page and begin to use the data.
Have students first just “play” with the data. Monitor closely to make sure they are staying on task.
Discuss the following with students to help guide them in testing the modification capabilities of using the data set.
• What happens if you change the helmet type? What do the colors represent? 

If you change the helmet type, the dots change color. The colors represent the two types of helmets 
(current helmets and an experimental helmet).

• Select “Pie” and click on “Helmet Type.” How many times was Helmet 1 tested? Helmet 2? 
Each helmet was tested eight times.

• Drag “Change in Velocity” to the x-axis. Is there a significant difference in the changes in velocity after impact 
between the two helmets? Explain your answer. 
The difference between the two helmets is 0.2. This is not a significant difference because it is so small.

• Which type of graph do you think will work best with the data collected during the impact simulations? Why? 
Students will most likely choose dot because it best shows the relationship between velocity change due to the 
impact and the effectiveness of the helmet.

Have students reset their data.
Distribute Helmet Physics to students. Students will now complete the Data Investigation.
Facilitate a class discussion of the following question.
• How might the effectiveness of a football helmet be measured? 

Allow students to discuss various ways to measure the effectiveness of a football helmet. Ask them to explain their 
thinking for each method.

• What might account for the differences between the effectiveness of different helmets? 
Student answers will vary but may include materials, size, etc.

Explore 3 (Continued)
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Materials
Printed
1 STEMscopedia (per student)
1 Kinetic Energy (per student)
1 Categorizing Factors For Understanding (per student)
1 Kinetic Energy: Coaster Quest (per student)
Pre-Reading Instructions
1. Distribute Kinetic Energy.
2. Instruct students to make observations about the girl on the swing.
3. Instruct students to complete the table at the bottom of the page.
During-Reading Instructions
1. Distribute Categorizing Factors For Understanding.
2. Instruct students to write out definitions of the important terms in the text.
3. Instruct students to complete the Venn diagram for kinetic and potential energy.
4. Instruct students to complete the section of energy-related formulas.
5. Instruct students to complete the section on relationships in energy.
Post-Reading Instructions
1. Distribute Kinetic Energy: Coaster Quest.
2.  Instruct students to apply their knowledge of potential and kinetic energy by labeling the areas of the coaster ride 

where these occur.
3. Instruct students to explain their labeling with information from the during-reading text notes and their reading.

Linking Literacy

A slide presentation of important vocabulary terms 
along with a picture and definition.
Kinetic Energy
Law of Conservation of Energy
Mass
Motion
Speed

Students use a Pre-, During-, and Post-Reading 
strategy to help comprehend the STEMscopedia 
informational text.

Resources/Materials: STEMscopedia  
Pre-Reading: Kinetic Energy 
During Reading: Categorizing Factors  
For Understanding 
Post-Reading: Kinetic Energy: Coaster Quest
Time: 1 hour

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

Student Wondering of Phenomena: What is the relationship of mass and speed to kinetic energy?

Use these resources to connect hands-on 
learning experiences to science content.Embedded Strategies!

Picture Vocabulary STEMscopedia and Linking Literacy

Close reading strategies paired with informational text!

An interactive game that can be 
played with a class or individually 
to help students review the science 
concepts in the module.
Resources/Materials: 
Computer with Internet access
Time: 10 minutes

Inquiry videos that engage students 
and provide meaning.
Videos: 
Kinetic Energy
Time: 5 minutes each

Students research alternative 
cell phone chargers and create a 
commercial to creatively inform the 
community about a product that 
uses kinetic energy to charge a cell 
phone.
Resources/Materials: 
Student Handout 
Internet-enabled device
Time: 1 hour

Concept Review Game Content Connections 
Video Communicate Science

INTEGRATE TECHNOLOGY

Visit the Teacher Toolbox for additional 
Communicate Science resources!
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The student will predict a 
projectile’s kinetic energy based on 
their new knowledge about kinetic 
energy. After their prediction, the 
student will use a calculator to 
calculate the projectile’s  
kinetic energy.
Resources/Materials: 
1 Projectile’s Kinetic Energy  
Cards (per pair)
1 Projectile’s Kinetic Energy Data
Table (per student)
1 Envelope (per pair)
1 Calculator (per student)

Time: 30 minutes

A fill-in-the-blank intervention 
activity that helps students master 
the vocabulary of this scope.
Resources/Materials: 
Student Handout
Time: 15 minutes

A multi-format quiz that assesses 
concept mastery after intervention 
has been administered.
Resources/Materials: 
Student Handout
Time: 15 minutes

Write a scientific explanation that 
explains when the roller coaster has 
the most kinetic energy.
Resources/Materials: 
Student Handout
Time: 15 minutes

Five standards-based assessment 
questions designed to gauge 
students’ understanding of the 
science concept using their 
selections of the best possible 
answers from a list of choices.
Resources/Materials: 
Student Handout
Time: 15 minutes

Short-answer and essay assessment 
questions to evaluate students' 
mastery of the concept.
Resources/Materials: 
Student Handout
Time: 15 minutes

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

Student Wondering of Phenomena: What is the relationship of mass and speed to kinetic energy?

INTERVENTION

Evaluate students' learning with a 
variety of assessment tools.

Guided Practice

Claim-Evidence-Reasoning

Independent Practice

Multiple Choice Assessment

Concept Attainment Quiz

Open-Ended Response

Use the elements in the 
Evaluate section to determine 
if students need intervention.

Reteach content 
and track progress.

Learn about conservation of energy 
with a skater gal! Explore different 
tracks and view the kinetic energy, 
potential energy and friction as 
she moves. Build your own tracks, 
ramps, and jumps for the skater.
Energy Skate Park: Basics
Resources/Materials: 
Computer with Internet access
Time: 15 minutes

Students will explore connections 
and applications of science content 
through interactions with authentic, 
real-world media provided by 
Associated Press.
Watch It!: Running Lights
Resources/Materials: 
Student Handout
Time: 15 minutes

This Career Connections video is 
meant to be a tool that introduces 
your students to STEM careers and 
the 21st century skills needed to 
succeed in those fields. Watch the 
career video with your students 
and discuss how it applies to what 
they have learned. Your students 
will think like a STEM professional 
in no time!
Career: Heat Shield Engineer
Time: 15 minutes

A practice that uses at, below, and 
above grade-level appropriate math 
activities to address the concept.
Resources/Materials: 
Student Handout
Time: 30 minutes

An at, below, and above grade-
level reading passage about the 
concept, which includes five to eight 
comprehension questions.
Resources/Materials: 
Student Handout
Time: 30 minutes

An overview of a scientist who 
made a contribution to their 
specific field.
Resources/Materials: 
Digital Scientist Profile
Time: 15 minutes

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

Student Wondering of Phenomena: What is the relationship of mass and speed to kinetic energy?

This section includes numerous differentiation and extension 
opportunities to help teachers connect to other content areas!

These elements can be digitally 
assigned to students.

Math Connections Reading Science Scientist Spotlight

Simulation Practice Career Connections

Real 
World!

Use these elements as stations in the 
classroom or assign them for homework!

Science Today
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Would you rather collide with someone your own size, larger than you, or smaller than you?  
Explain your rationale. 
I would rather collide with someone smaller than me because he or she would generate less kinetic energy.

Would you rather collide with someone walking, running, or standing still? Explain your rationale. 
I would rather collide with someone standing still because the less speed the person has, the less kinetic energy 
the person generates.

Connection to Segment 1 Mission

Information We Have Gained

Connection to Our Mission

How are kinetic energy and mass related? 
As you add more mass, the kinetic energy also increases.

How are mass and speed related? 
Kinetic energy is proportional to the mass of the moving object and grows with the square of its speed.

Segment 1

8thgrade

Don’t Forget to Anchor the Learning 
of the Scope to the Mission!

Mini Marshmallow Catapult
Resources/Materials:
5 Craft sticks, large size (per student)
2 Rubber bands (per student)
1 Cap, plastic, (per student)
1 Bag mini marshmallows (per class)
1 Hot glue gun (per group)
1 Push pin, or sharp pointed object 
(per group)
1 Markers, box (per student)

Time: 30 minutes

This Project-Based Learning challenge is intended to use the students’ 
knowledge of Energy Transfer in Motion. Roller Coasters Super Store is asking 
for a new roller coaster design. They need a new design as soon as possible. 
They are looking for a design that maximizes the change in energy of the 
motion of the coaster. The marketing team has done some research and 
found that there are certain attributes that the public finds thrilling in a roller 
coaster. There are constraints and criteria that must be met. Student products 
and knowledge will be evaluated using a team rubric. 21st Century Skills will 
be self-evaluated through an individual rubric.
Resources/Materials:
1 Roller Coaster Engineering Entry Document and Expert Roles (per student)
1 Expert Mini-Workshops for Each Role (per student)
1 Individual 21st Century Skills Performance Rubric (per student)
1 Rubric for Problem/Project-Based Learning, Key For Teacher
1 The Engineering Design Process (per student or group)
1 Tube, insulation, pipe, 1-inch diameter, 6 ft long (per group)
1 Marble (per group)
3 Marker (per group)
1 Scissors (per class)
2 Paper, chart (per group)
1 Tape, masking, roll (per group)
1 Toothpick, box of 100 (per group)
1 Lab journal (per student)
Time: 2–3 hours

A list of trade books aligned with 
the lesson.
Resources/Materials: 
Links to titles can be found online.
Time: 15 minutes

A set of ideas and activities that can 
help elaborate on the concept.
Resources/Materials: 
My Energy Mural 
Braking Distance 
Roller Coaster Evidence
Time: 30 minutes

Student Wondering of Phenomena: What is the relationship of mass and speed to kinetic energy?

ACCELERATION

Challenge your students 
to think in new ways and 

extend their learning.

Science Art

PBL

Books on Topic Extensions

Visit the Teacher Toolbox 
for additional resources!

Real 
World!
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Don’t Forget to Assess Students' Learning 
with our 3D Interactive Assessments!

Wrapping Up Segment 1

Students Will Take Action!

Segment Interactive 3D Assessment

Students are a sports medicine doctor or orthopedist. Patients come to them with a wide variety of 
sports-related injuries. Based on their reports, diagram the forces that caused the injury to each body part. 
Then, design a device to help each patient through the rehabilitation process and/or prevent the injury from 
happening again.

Here’s what they have learned during the scopes:
• The faster an object moves, the more kinetic energy it has.
• The more mass an object has, the more kinetic energy it has.
• Objects of any mass exert gravitational forces on other objects.
• Objects of larger mass exert more gravitational force than objects of less mass.
• Change in motion requires a change in force.
• Colliding objects exert force on each other.

Students will read the patient reports and diagram the forces that caused the injury to each patient’s body 
part. Design a device to help each patient through the rehabilitation process and/or prevent the injury from 
happening again.

Students will assess their learning on the PEs associated with the segment. These assessments can be 
assigned and completed on the computer and were written to mirror the CAST assessments students will take 
in Grade 8.

Segment 1

8thgrade

Segment 2
Noncontact Forces  

Influence Phenomena
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