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Science
Grade: 8 Unit: 1
39 days of instruction

Unit 1 Overview

Storyline Synopsis:

This unit consists of four instructional segments, each engaging students in multiple science and
engineering practices and crosscutting concepts as students make sense of the key disciplinary ideas of
forces (including gravitational forces), motion, energy related to mass, and how these concepts can be
used to explain phenomena including collisions and changes in motion.

e Instructional Segment 1: While engaging in the practice of carrying out investigations, students
measure contact forces in different situations and analyze data to support models, explanations, and
arguments about force relationships during collisions. Students design initial solutions to the problem
of controlling damage during a collision (this initial solution will be revisited again and revised/iterated
in Segment 4).

e Instructional Segment 2: Students plan and conduct investigations and analyze and interpret data as a
basis for developing explanations that describe the relationship between changes in an object's mass
and changes in motion. Students develop and use models that include the sum of all forces acting on
an object and the object's mass as a basis for predicting changes in the object’s motion.

¢ Instructional Segment 3: Students engage with the practices of designing investigations and analyzing
data to develop graphical representations of the relationships between mass, velocity, and kinetic
energy. Students use these representations as evidence to develop and use models of how kinetic
energy changes during collisions. Students use evidence to evaluate different models and use their
models to develop solutions to the problem of controlling damage during a collision.

¢ Instructional Segment 4: Students engage in the practice of designing and carrying out investigations
to examine the effect and the size of gravitational forces on the motion of objects and the effect of
distance on the magnitude of gravitational forces. Students develop models to represent how the
variables of distance and mass impact the motion of objects. Students construct explanations and
models and engage in arguments from evidence about gravitational interactions. Students use their
models, data, and scientific knowledge when refining and presenting their design solutions to the
problem of collisions and an egg-drop challenge.

Unit Storyline Framing: Collisions in Sports: Forces and Motion
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Stage 1 — Desired Results

Overview of Student Learning Outcomes

The Grade 8 Unit 1 Topic Bundle, “Forces and Energy,” organizes performance expectations with a focus on
helping students build an understanding of the motion of objects and how interactions between objects
can be explained and predicted. By building familiarity with ideas related to the study of forces and energy
in this unit early in the school year, students are prepared to use this knowledge to explain phenomena
and solve design problems when investigating waves and Earth’s place in the universe in later related units.

Unit 1 Big Ideas:

1. Forces exerted by two objects on each other are equal in magnitude and
PS2.A opposite in direction. (MS-PS2-1)

Forces and Motion 2. Changes to an object's motion occur in response to unbalanced forces and
depend on the mass of the object and size of the force. (MS-PS2-2)

PS2.B 3. Gravitational force attracts objects to one another; its strength depends on
Types of Interactions the objects’ masses and the distance between them. (MS-PS2-4)
PS3.A 4. Kinetic energy (energy of motion) is proportional to the mass of the moving
Definitions of Energy object and grows with the square of its speed. (MS-PS3-1)
\ . The SIPS Unit 1 Student Profile describes what students should know and be able to demonstrate
P ? - prior to and at the culmination of three-dimensional science instruction in Unit 1 to prepare for
2\  new and increasingly sophisticated learning opportunities in Unit 2.

Next Generation Science Standards (NGSS) Performance Expectations & Foundation Boxes

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-PS2-2 Plan an investigation to provide evidence that the change in an object’s motion depends on the
sum of the forces on the object and the mass of the object. [Clarification Statement: Emphasis is on
balanced (Newton’s first law) and unbalanced forces in a system, qualitative comparisons of forces, mass,
and changes in motion (Newton’s second law), frame of reference, and specification of units.] [Assessment
Boundary: Assessment is limited to forces and changes in motion in one dimension in an inertial reference
frame and to change in one variable at a time. Assessment does not include the use of trigonometry.]

MS-PS2-4 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-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

Grade 8 Science Unit 1 Instructional Framework: Forces and Energy 2
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include riding a bicycle at different speeds, rolling different sizes of rocks downhill, and getting hit by a

wiffle ball versus a tennis ball.]

Targeted Scientific Practices

[SEP-3] Planning and Carrying Out
Investigations

e 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)

[SEP-4] Analyzing and Interpreting
Data

e  Construct and interpret
graphical displays of data to
identify linear and nonlinear
relationships. (MS-PS3-1)

[SEP-6] Constructing Explanations
(for science) and Designing
Solutions (for engineering)

e Apply scientific ideas or
principles to design an object,
tool, process, or system.
(MS-PS2-1)

[SEP-7] Engaging in Argument from

Evidence

e 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
phenomenon or a solution to a
problem. (MS-PS2-4)

PS2 A: Forces and Motion

For any pair of interacting
objects, the force exerted by the
first object on the second object
is equal in strength to the force
that the second object exerts on
the first, but in the opposite
direction (Newton’s third law).
(MS-PS2-1)

The motion of an object is
determined by the sum of the
forces acting on it; if the total
force on the object is not zero,
its motion will change. The
greater the mass of the object,
the greater the force needed to
achieve the same change in
motion. For any given object, a
larger force causes a larger
change in motion. (MS-PS2-2)

All positions of objects and the
directions of forces and motions
must be described in an
arbitrarily chosen reference
frame and arbitrarily chosen
units of size. In order to share
information with other people,
these choices must also be
shared. (MS-PS2-2)

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)

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)

Targeted Cross-Cutting Concepts

[ccc-3] Scale, Proportion, and
Quantity

e 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)

[CCC-4] Systems and System Models

e 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), (MS-PS2-4)

[CCC-7] Stability and Change

e 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)

Grade 8 Science Unit 1 Instructional Framework: Forces and Energy
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Acquisition Goals

Acquisition Goals are multi-dimensional knowledge-in-use statements that integrate aspects of the NGSS
dimensions (SEP & DCl or SEP & DCI & CCC) but are smaller in breadth than a performance expectation.
Acquisition Goals describe the essential concepts and key skills a student must acquire to obtain mastery of
the unit’s objectives and emphasize student understanding as rooted in engagement with the science and
engineering practices and not in memorization of science facts. The acquisition goals intentionally include
SEP and CCC from outside of the unit’s PE bundle.

Students will know and be able to . ..

Al.

A2.

A3.

A4,

AS.
A6.

A7.

A8.

A9.

A10.

All.

Al2.

Al3.

Al4.

A15.

Ale.

Al7.

Design a solution to a problem that utilizes the fact that when two objects interact, they exert a force
on each other in opposite directions.

Create a model to show the magnitude of the forces exerted by two interacting objects on each other
is equal.

Create a model to show the direction of the forces exerted by two interacting objects on each other
is opposite.

Construct an explanation that describes the relationship between force and motion to describe
phenomena.

Interpret data on how forces sum to give a single force to affect change in motion.

Apply Newton’s Third Law to explain a situation involving the motion of two colliding objects. [MS-
PS2-1]

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

Engage in argument from evidence that when two objects interact, the force from object one acts on
object two, and the force from object two acts on object one; therefore, the forces do not cancel
each other.

Use and/or develop a model of all the forces acting on an object to show how the object’s motion will
change.

Construct an explanation that includes qualitative or quantitative relationships between an object's
mass and its change in motion.

Analyze and interpret data to compare the dependence of motion on the relative masses of
interacting objects.

Use mathematical and computational thinking to calculate the sum of forces on an object to give a
single force that will affect a change in the object's motion.

Apply the scientific idea of kinetic energy (energy of motion) to design an object, tool, process, or
system.

Construct an argument supported by empirical evidence and scientific reasoning about the
relationship between mass and kinetic energy in order to support or refute an explanation or model.

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. [MS-PS3-1]

Plan an investigation to gather data that demonstrates the relationship between KE and mass and/or
speed.

Develop a model to describe that gravitational force is always (only) attractive (never repulsive).

Grade 8 Science Unit 1 Instructional Framework: Forces and Energy 4
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A18. Develop and/or revise a model to show the relationships between mass and gravitational force.

A19. Model the relationship between force and mass to show that gravity is an attractive force between

objects that can act over a distance.

A20. Construct an explanation that includes the qualitative relationship between gravitational force and
direction (i.e., always attractive) that describe phenomena.

A21. Apply the principle that gravitational force between objects depends on mass and distance in order

to design a process or system.

A22. Construct and present arguments using evidence to support the claim that gravitational interactions
are attractive and depend on the masses of interacting objects. [MS-PS2-4]

A23. Develop and/or use a model to predict how the kinetic energy of an object changes when its mass

and/or speed changes.

Cross-curricular Integration

Students develop an understanding of the motion of objects, how interactions between objects can be
explained and predicted, and of scientific concepts related to forces and energy by developing models,
making observations, and planning and conducting investigations to demonstrate their understanding.
Students will use reading and research skills to acquire new information and to draw on and integrate
information from multiple sources to write or speak about the topic and to construct explanations with
scientific reasons and evidence. Students will use mathematical practices such as reasoning and
mathematical concepts related to measurement, data collection, constructing and interpreting graphical
displays, expressions and equations, and functions to explain phenomena or create solutions to design

problems.

Common Core State Standards for Literacy

Common Core State Standards for Mathematics

Reading Science and Technical Subjects

RST.6-8.1 Cite specific textual evidence to support
analysis of science and technical texts, attending to
the precise details of explanations or descriptions.
(MS-PS2-1), (MS-PS3-1)

RST.6-8.3 Follow precisely a multi-step procedure
when carrying out experiments, taking
measurements, or performing technical tasks.
(MS-PS2-1), (MS-PS2-2)

RST.6-8.7 Integrate quantitative or technical
information expressed in words in a text with a

version of that information expressed visually (e.g., in

a flowchart, diagram, model, graph, or table). (MS-
PS3-1)

Writing History/Social Studies, Science and
Technical Subjects

WHST.6-8.1 Write arguments focused on discipline-
specific content. (MS-PS2-4)

Mathematical Practice

MP.2 Reason abstractly and quantitatively. (MS-
PS2-1), (MS-PS2-2)

Expressions and Equations

8.EE.A.1 Know and apply the properties of integer
exponents to generate equivalent numerical
expressions. (MS-PS3-1)

8.EE.A.2 Use square root and cube root symbols to
represent solutions to equations of the form x2 = p
and x3 = p, where p is a positive rational number.
Evaluate square roots of small perfect squares and
cube roots of small perfect cubes. Know that v2 is
irrational. (MS-PS3-1)

8.F.A.3 Interpret the equationy=mx+ b as
defining a linear function, whose graph is a straight
line; give examples of functions that are not linear.
(MS-PS3-1)

Grade 8 Science Unit 1 Instructional Framework: Forces and Energy 5
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Enduring Understandings Essential Questions

Students will understand that. . .

How can Newton’s three laws of motion be
observed and used in everyday life?

EU1. Scientific knowledge such as Newton’s three EQl.
laws of motion can be observed and applied to
a variety of situations to design and evaluate

solutions to everyday problems.

EQ2. What underlying forces explain the variety of

interactions observed between objects?

EU2. EQ3. How are we able to make predictions and
explain astronomical phenomena when the
interactions cannot be directly observed or

measured (e.g., celestial bodies)?

Contact and non-contact forces (i.e., electric,
magnetic, and gravitational) cause objects to
move, accelerate, decelerate, stop, or change
directions.

EQ4. How can we plan and carry out an
investigation of object(s) to explain the
relationships between kinetic energy, mass,
and speed?

EU3. Scientists analyze and interpret data related to
the orbital motion of objects, including large
scale structures such as the solar system, to
support claims related to how gravitational
forces between any two masses are always

attractive.

How can | use the skills of a scientist or
engineer to investigate forces that may
cause changes in motion and energy?

EQS5.

EU4. An object in motion possesses energy,
calculated by multiplying its mass by the square
of its velocity. The value of energy can change

in many interactions.

EUS5. Scientists and engineers use a variety of
methods and tools to make observations and
measurements and to interpret data to develop

and test theories about natural phenomena.

Vocabulary

Motion (direction of, change
in)

Reference point

Force (net, balanced,
unbalanced, peak, normal,
force pairs, field, contact,
noncontact, opposite,
direction of, strength,
attractive)

Friction

Gravity (gravitational
interaction, force)

Inertia
Mass, massive

Speed, velocity, acceleration,
deceleration, constant, orbital

Proportional
Linear/nonlinear

Displacement, position,
direction

Action/reaction

Collision

Elastic, deformation
Kinetic energy
Conservation

System, boundary, criteria,
constraint

Equal and opposite reaction
Impact

Variables (dependent,
independent, control)

Grade 8 Science Unit 1 Instructional Framework: Forces and Energy
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Stage 2 — Assessment Evidence

Assessment Overview

For each of the acquisition goals listed in the Stage 1 — Desired Results, evidence statements were
developed. These statements provide information on what we would expect students to do in order to
determine the degree to which students have met the acquisition goals. These acquisition goals and
evidence statements were then sequenced into instructional segments. Evidence statements and
acquisition goals that were deemed critical were identified and assessment opportunities were developed.
For this unit, four instructional segments were identified. An overview of each segment is provided below.

Instructional Segment 1 focuses on Big Idea 1 and students’ ability to conduct investigations, design
solutions to problems, and create models, explanations, and arguments about force and motion. Students
are formally assessed on designing solutions and informally assessed on developing initial models,
explanations, and arguments about force and motion.

Instructional Segment 2 focuses on part of Big Idea 1 and Big Idea 2 and students’ ability to consider mass
and speed as important factors in understanding forces and motion as they plan/conduct investigations,
develop models, and construct explanations. Students are formally and informally assessed on developing
models, constructing explanations, planning and conducting investigations, and analyzing and interpreting
data all while examining force and motion in the context of objects colliding.

Instructional Segment 3 focuses on Big Idea 4 and students’ ability to interpret data and construct
explanations about kinetic energy and the relationships between mass, speed, and kinetic energy. Students
are formally and informally assessed on their ability to construct explanations, construct and interpret
graphical displays of data, plan investigations, and design solutions using the idea of kinetic energy.

Instructional Segment 4 focuses on Big Idea 3 and students’ ability to develop models of gravitational
interactions and use their knowledge of forces and motion to engage in arguments and develop design
solutions. This segment includes informal assessments for modeling.

End-of-Unit Stackable, Instructionally-embedded, Portable Science (SIPS) Assessment:

For the end-of-unit SIPS assessment, students engage in three scenario-based assessment tasks. The tasks
focus on the PEs: 8-PS2-1, 8-PS2-2, 8-PS2-4, and 8-PS3-1.

Instructionally-Embedded Assessments

For each instructional segment, descriptions of informal and formal instructionally-embedded assessments
are included based on the acquisition goals and evidence statements deemed critical to assess along an
instructional plan. Informal assessments defined as “in-the-moment” assessment opportunities identify
student challenges and lack of knowledge or misconceptions and could include class check-ins such as
discussion prompts, exit tickets, or graphic organizers. Formal assessments measure how well students
perform when engaging with more complex tasks that require integration of the dimensions (SEPs, DCls,
CCCs) in the service of sense-making. They are administered at specific, intentional points in time along an
instructional plan before or after a lesson or a series of lessons. Examples include performance tasks,
concept maps, research projects, or hands-on tasks.

Grade 8 Science Unit 1 Instructional Framework: Forces and Energy 7
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Instructionally-embedded Assessments for Use during Instructional Segment 1

Informal Assessment: Investigating Forces Acting on Objects

At various points in time during Segment 1, educators may use informal classroom check-ins (e.g., exit
tickets, in-the-moment questions) to gather evidence of students’ ability to develop their initial models,
explanations, and arguments about forces and motion when objects are interacting (collisions/separations,
for example).

Assessment Purpose and Use Administration Time: 3-5 minutes
e These informal assessments are typically used for formative Scoring Time: 3-5 minutes
purposes. The goal is to gauge where students are in their Assessment Type

learning, identify what challenges students are facing, and

> R Informal - Classroom Check-In
determine the next steps for the class and/or individual students.

o ) ) Assessment Sub-Type(s)
The assessments provide information that can be used either at

the class level or the individual student level to help determine
what instructional activities will best support students. Exit Tickets
In-the-moment Questions

Discussion prompts

These assessments will assess students’ ability to:

Develop a model for a collision of two interacting objects exerting forces upon one another.

o Model includes relationships among model elements that are sufficient in capturing the strength
and direction of the forces each object exerts upon the other in a system.

Use a model for a collision of two interacting objects to explain the direction and magnitude of the
forces.

Identify the action-reaction force pair during the collision of two objects and the statement regarding
the magnitude of the action-reaction forces involved in the collision.

Construct an argument supported by empirical evidence and scientific reasoning that the force exerted
on a pair of interacting objects is of the same magnitude but opposite in direction regardless of each
object’s mass.

Select the appropriate reasoning based on relevant scientific concepts that explains why 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.

Stage 1 & Stage 3 Associations:

Stage 3 Connection(s): NGSS PEs: CCSS: EUs/EQs: AGs:
*  Ooof, My Face! MS-PS2-2 RST.6-8.3 EU1/EQL A2
Equaland O it

* quatand Ppposite MP.2 EU2/EQ2 A3

e  Newton’s Third Law

. Revising Our Explanation EUS/EQS A4

e Rocketing Off, With Water! A6
A8

Grade 8 Science Unit 1 Instructional Framework: Forces and Energy 8
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Formal Assessment: Rocketing Off, With Water!

Students design an initial solution to the problem of minimizing damage when two objects interact (i.e.,
the design challenge introduced in the Unit Entrance/Hook, the launching of a rocket, etc.). In their design
solutions, students should articulate that when two objects interact, they exert a force on each other in
opposite directions. Students are tasked with designing a solution later in the unit after additional learning,
providing an opportunity to compare solutions and show growth.

Assessment Purpose and Use Administration Time: 2 Days

This assessment is intended to be administered during or Scoring Time: 15 minutes
immediately following the lesson, “Rocketing Off, With Water!” Assessment Type

The results of this assessment can be used to evaluate evidence Formal - Research Project
of student learning during instructional segment 1, to determine
if additional reteaching is needed, and to inform planning for
segment 2.

Assessment Sub-Type(s)
Hands-on Task

Students are provided with (or choose) a specific problem based Design Project

on the design challenge introduced in the unit entrance and are
asked to find a solution to the problem.

The purpose of this assessment is to provide an opportunity for
students to apply their knowledge to a particular question and
find a solution to the problem. It allows them to demonstrate
how they would apply concepts over an extended period of time.

This assessment will assess students’ ability to:

Draft statements using the appropriate scientific principle (e.g., magnitudes and directions of forces)
and evidence of optimal material selection (to minimize force in the collision & minimize cost) and
apply the third law of motion to support the effectiveness of the final design solution to a problem
involving the motion of two objects.

Design a solution to optimize material selection (minimize force in the collision, energy transfer, and
minimize cost).

Refer to the system model to identify how objects are interacting.

Use the appropriate scientific principle (e.g., action-reaction forces) that supports the effectiveness of
the design solution to a problem involving the motion of two objects.

Apply scientific principles to justify the best design and to provide justification for the selection based
on the application of Newton’s third law when provided a description of a physical situation involving
an interaction between two objects and a list of multiple designs with given criteria.

Identify the action-reaction force pair during the collision of two objects and the statement regarding
the magnitude of the action-reaction forces involved in the collision.

Identify multiple ways the design can be improved while providing justification for the selection when
provided a description of a physical situation involving a collision between two objects and a list of
multiple ways to improve the design with given criteria.

Refer to the mass of objects as a basis for deciding how to decrease the amount of force in a collision.

Explain how the design identifies which collision would have the least amount of force, based on the
mass of objects to design the system model.

Grade 8 Science Unit 1 Instructional Framework: Forces and Energy 9
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e Construct a system model to analyze Newton’s third law forces in a collision (force directions).
e Determine the effect of speed within a collision.
Stage 1 & Stage 3 Associations:

Stage 3 Connection(s): NGSS PEs: CCsS: EUs/EQs: AGs:
MS PS2-2 RST 6-8.1 EU2/EQ2 A6

Instructionally-embedded Assessments for Use during Instructional Segment 2

Informal Assessment: Supporting Claims About the Direction and Magnitude of Forces on Objects in a
Collision

At various points in time during Segment 2 of instruction, the teacher can use informal classroom check-ins
(e.g., exit tickets, in-the-moment questions, discussion prompts, and graphic organizers) to gather evidence
of students’ ability to use evidence and reasoning to make and support claims related the direction and
magnitude of forces experienced on two objects in a collision and the effect of those forces on the objects’
motion.

Assessment Purpose and Use Administration Time: 3-5 minutes
e These informal assessments are typically used for formative Scoring Time: 3-5 minutes
purposes. The goal is to gauge where students are in their Assessment Type

learning, identify what challenges students are facing, and

> s Informal - Classroom Check-In
determine the next steps for the class and/or individual students.

o ) ) Assessment Sub-Type(s)
e The assessments provide information that can be used either at

the class level or the individual student level to help determine
what instructional activities will best support students. Exit Tickets
In-the-moment Questions

Discussion prompts

Graphic Organizers

These assessments will assess students’ ability to:

e Construct an argument supported by empirical evidence and scientific reasoning that during a collision
between two objects, the object with smaller mass has greater acceleration, and the object with
greater mass has smaller acceleration, but the action-reaction force between each object is the same
magnitude.

e Use quantitative or qualitative evidence to explain how an object subjected to balanced forces does
not change its motion.

e Use quantitative or qualitative evidence to explain how an object subjected to unbalanced forces
changes its motion over time.

e Provide an artifact (e.g., calculation, model, explanation, etc.) that demonstrates a correct
interpretation of data from forces acting on an object at different scales to predict the change in the
object’s motion.

e Using evidence, including patterns from other data sets, and referencing the masses of the objects,
make a prediction of the force that will be exerted by the first object on the second object.
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e Provide an appropriate prediction based on the model which articulates the sum of the forces and how
the resulting net force would cause no change if the forces were balanced or would change the
object’s motion if the model shows unbalanced forces.

e Construct an explanation that is appropriate to examine how the sum of the force must change in
order to achieve the same change in motion for objects with different masses. (Explanation should
include reasoning of why positions of objects and the directions of forces and motions must be
described in an arbitrarily chosen reference frame.)

Stage 1 & Stage 3 Associations:

Stage 3 Connection(s): NGSS PEs: CCSS: EUs/EQs: AGs:
*  Revising Our Explanation MS-PS2-2 WHST.6-8.1 EU1/EQL A4
(Segments 1 and 2)
. Changing Motion RST 6-8.1 EU2/EQ2 A6
e  Getting to the Bottom of A7*
Newton’s Second Law A8
e  Sum of Forces and Changing
Motion A9*
e Newton’s Laws Al10

Informal Assessment: Planning Investigations of Forces Acting on Objects

At various points in time during Segment 2, educators may use informal classroom check-ins (e.g., exit
tickets, in-the-moment questions) to gather evidence of students’ ability to plan investigations about
forces and changing motion.

Assessment Purpose and Use Administration Time: 3-5 minutes
e These informal assessments are typically used for formative Scoring Time: 3-5 minutes
purposes. The goal is to gauge where students are in their Assessment Type

learning, identify what challenges students are facing, and

> C o Informal - Classroom Check-In
determine the next steps for the class and/or individual students.

o ) ) Assessment Sub-Type(s)
e The assessments provide information that can be used either at

the class level or the individual student level to help determine
what instructional activities will best support students. Exit Tickets
In-the-moment Questions

Discussion prompts

Science Journals

These assessments will assess students’ ability to:

e Plan an investigation, based on a provided scenario and materials, which provides evidence that the
change in an object’s motion depends on the sum of the forces on the object and the mass of the
object.

e Identify the purpose of the investigation, which includes providing evidence that the change in an
object’s motion is due to balanced or unbalanced forces acting on the object and the mass of the
object.

e Identify the variables that needed to be manipulated (independent), controlled, or measured
(dependent) to examine:

o How the sum of forces impacts the change in motion for objects with different masses, and
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o How the forces change in order to achieve the same change in motion for objects with different
masses or speeds.

e Describe the experimental procedure necessary to investigate:
o How the sum of forces exerted on an object determines its type of motion,

o How the sum of the force must change in order to achieve the same change in motion for objects
with different masses, and

o The impact of the sum of forces on the speed change of an object.

e Identify potential measurement sources of error or gaps in data when examining how the sum of
forces impacts the speed change.

e Choose the appropriate units for measuring mass, force, and motion, considering the relationship
among the three and the effect of a reference frame choice.

Stage 1 & Stage 3 Associations:

Stage 3 Connection(s): NGSS PEs: CCSS: EUs/EQs: AGs:
*  Getting to the MS-PS2-2 RST.6-8.3 EU1/EQ1 A7
Bottom of
Newton’s Second MP.2 EU2/EQ2
Law EUS/EQS

e  Sum of Forces and
Changing Motion

Formal Assessment: Constructing Explanations Between Force and Motion

Students construct an explanation centered on varying the size of the used ball in the anchoring
phenomenon and its impact. The explanation should include a qualitative and/or quantitative relationship
between force and motion to describe phenomena.

Assessment Purpose and Use Administration Time: 20 minutes
e This assessment is intended to be used following students’ Scoring Time: 5 minutes
experimentation with forces and motion in the lesson, Sum of Assessment Type

Forces and Changing Motion, or after they conduct additional
experimentation and research in stations during the lesson,
Newton’s Laws.

Formal - Short Performance Task
Assessment Sub-Type(s)

Scenario/Phenomena-based
Assessment Task

Other

e Performance tasks generally provide opportunities for students to
engage with the practices of the discipline along with the content.

e This task is used to measure how well students perform when
provided with a complex task and an opportunity to engage in a
meaningful way with the content in the curriculum.

This assessment will assess students’ ability to:

e Use quantitative or qualitative evidence to explain how an object subjected to balanced forces does
not change its motion.

e Use quantitative or qualitative evidence to explain how an object subjected to unbalanced forces
changes its motion.

e Use quantitative or qualitative evidence to explain how the change in the motion of an object
subjected to unbalanced forces depends on the mass of the object.
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Stage 1 & Stage 3 Associations:

Stage 3 Connection(s): NGSS PEs: CCSS: EUs/EQs: AGs:
*  Sum of Forces and Changing MS-PS2-1 WHST.6-8.1 EU1/EQ1 A4
Motion
MP.2 EU2/EQ2 Al10

. Newton’s Laws

e  Revising Our Explanation

Formal Assessment: Plan Investigations for Changing Objects’ Motion

Students plan an investigation to provide evidence that the change in an object’s motion depends on the
sum of the forces on the object. Provide students with the scenario from the anchoring phenomenon, for
example, “How can you determine the ideal size of the soccer ball that will provide the least harm to the
athlete upon impact? Write a step-by-step procedure that you carry out to choose the ideal soccer ball. In
your procedure, indicate the variables, how you would choose the variables, and how you would control
them.”

Assessment Purpose and Use Administration Time: 40 minutes

e Performance tasks generally provide opportunities for students to  Scoring Time: 1 minute per group
engage with the practices of the discipline along with the content.  Assessment Type

e This task is used to measure how well students perform when Formal - Short Performance Task
provided with a complex task and an opportunity to engage in a

i s ] ) Assessment Sub-Type(s)
meaningful way with the content in the curriculum.

Hands-on Task
Lab/Experiment

This assessment will assess students’ ability to:

e Describe the experimental procedure necessary to investigate how the sum of forces exerted on an
object determines its type of motion.

e Describe a procedure for carrying out an investigation to examine how the sum of the force must
change in order to achieve the same change in motion for objects with different mass.

e |dentify the variables that needed to be manipulated (independent), controlled, or measured
(dependent) to examine how forces change in order to achieve the same change in motion for objects
with different masses.

e Identify dependent (e.g., speed) and independent variables (e.g., sum of forces), as well as what
variables should be controlled to examine how the sum of forces impacts the speed change.

e Articulate procedures for determining the impact of the sum of forces on the speed change of an
object.

e Identify potential measurement sources of error or gaps in data when examining how the sum of
forces impacts the speed change.

Stage 1 & Stage 3 Associations:

Stage 3 Connection(s): NGSS PEs: CCSS: EUs/EQs: AGs:
e  Getting to the Bottom of MS-PS2-2 MP.2 EU1/EQ1 A7
Newton’s Second Law
e  Sum of Forces and Changing RST6-8.3 EU2/EQ2
Motion EUS/EQS
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Formal Assessment: Analyzing and Interpreting Data about Direction and Magnitude of Forces on
Objects in a Collision

Students use the data they collected in their investigation (or data that the teacher provides them) to
calculate forces and analyze data related to the direction and magnitude of forces experienced on two
objects that interact. Students analyze data that includes the mass of the objects, and students’
calculations will require them to sum forces to calculate a single force.

Assessment Purpose and Use Administration Time: 30 minutes

e Performance tasks generally provide opportunities for students to  Scoring Time: 5 minutes
engage with the practices of the discipline along with the content.  Assessment Type

e This task is used to measure how well students perform when Formal - Short Performance Task
provided with a complex task and an opportunity to engage in a

: : ) ) Assessment Sub-Type(s)
meaningful way with the content in the curriculum.

Lab/Experiment
Scenario/Phenomena-based
Assessment Task

This assessment will assess students’ ability to:

e Organize data in a way that facilitates analysis and interpretation of forces and mass to predict motion
of two colliding objects.

e Interpret data to determine the motion of an object is determined by the sum of the forces acting on
it.
e Interpret data to describe forces at different scales acting upon an object.

e Analyze data to determine how well a design solution to a problem involving a collision of two objects
meets the criteria and constraints.

e Calculate the net force acting on an object through analysis of the forces acting upon it.

e Using evidence, including patterns from other data sets, and referencing the masses of the objects,
make a prediction of the force that will be exerted by the first object on the second object.

e Provide an artifact (e.g., calculation, model, explanation, etc.) that demonstrates a correct
interpretation of data from forces acting on an object at different scales to predict the change in the
object’s motion.

Stage 1 & Stage 3 Associations:

Stage 3 Connection(s): NGSS PEs: CCSS: EUs/EQs: AGs:

o Getting to the Bottom of MS-PS2-1 MP.2 EUZ/EQZ A5
Newton’s Second Law

. Sum of Forces and Changing MS-PS2-2 RST 6-8.1 EU5/EQ5 All
Motion A12

Formal Assessment: Modeling Forces on Interacting Objects

Students create a model to predict the motion of an object based on the forces operating on the object.
Students’ models should represent all the forces acting on the object and show how the object’s motion
will change after another object collides with it.
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Assessment Purpose and Use Administration Time: 40 minutes

e Performance tasks generally provide opportunities for students to  Scoring Time: 5 minutes
engage with the practices of the discipline along with the content.  pAssessment Type

e This task is used to measure how well students perform when Formal - Short Performance Task
provided with a complex task and opportunities to engage in a

’ s ] ) Assessment Sub-Type(s)
meaningful way with the content in the curriculum.

Hands-on Task
Scenario/Phenomena-based
Assessment Task

This assessment will assess students’ ability to:

e Develop a model for a collision of two interacting objects exerting forces upon one another.

o Modelincludes relationships among model elements that are sufficient in capturing the strength
and direction of the forces each object exerts upon the other in a system.

e Develop a model demonstrating all the forces acting on an object.

o Modelincludes relationships among model elements that are sufficient in capturing the strength
and direction of the forces acting on the object.

o Modelincludes a calculation or description of the net force the object will experience based on the
new forces being applied to it.

e Provide an appropriate prediction based on the model which articulates the sum of the forces and how
the resulting net force would cause no change if the forces were balanced or would change the
object’s motion if the model shows unbalanced forces.

e Provide an artifact (e.g., calculation, model, explanation, etc.) that demonstrates a correct
interpretation of data from forces acting on an object at different scales to predict the change in the
object’s motion.

Stage 1 & Stage 3 Associations:

Stage 3 Connection(s): NGSS PEs: CCSS: EUs/EQs: AGs:

*  Getting to the Bottom of MS-PS2-1 RST.6-8.7 EU1/EQ1L A2
Newton’s Second Law

e  Sum of Forces and Changing MP.2 EU2/EQ2 A3

Motion RST.6-8.1 EU5/EQ5 A9

. Revising Our Explanation A12*

A10*

Instructionally-embedded Assessments for Use during Instructional Segment 3

Informal Assessment: Modeling Kinetic Energy and its Relation to Mass and Speed

Over the course of this segment, students complete multiple activities as they explore the nature of the
relationship between kinetic energy, mass, and speed. Students are challenged to develop a model of the
relationship between mass, speed, and kinetic energy that can be used to make predictions about how
changes to mass or speed will change kinetic energy. During this modeling activity, the teacher conducts
informal, formative assessments using in-the-moment questions and exit tickets to check student
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understanding and modeling skills. These informal assessments will be most useful when used prior to the
formal assessment of modeling.

Assessment Purpose and Use Administration Time: 3-5 minutes
e These informal assessments are typically used for formative Scoring Time: 3-5 minutes
purposes. The goal is to gauge where students are in their Assessment Type

learning, identify what challenges students are facing, and

> S Informal - Classroom Check-In
determine the next steps for the class and/or individual students.

o ) ) Assessment Sub-Type(s)
o The assessments provide information that can be used either at

the class level or the individual student level to help determine
what instructional activities will best support students. Discussion prompts
Exit Tickets

In-the-moment Questions

This assessment will assess students’ ability to:

e Develop a model for the relationship of kinetic energy with mass and speed from available scientific
principles and data.

e Identify the elements of a model that characterize:
o The relationship between kinetic energy and the mass of an object (KE «< m), and
o The relationship between kinetic energy and the speed of a moving object (KE « v2).
e Describe the relationship between model elements by characterizing a pattern that shows:

o When the mass of an object increases/decreases the kinetic energy increases/decreases (linearly),
and

o When the speed of an object increases/decreases the kinetic energy increases/decreases by the
square of the speed.

e Articulate a prediction for the kinetic energy of an object, based on data patterns that highlight the
relationship that kinetic energy is linearly proportional to mass and that kinetic energy is proportional
to the square of the speed of a moving object.

Stage 1 & Stage 3 Associations:

Stage 3 Connection(s): NGSS PEs: CCSS: EUs/EQs: AGs:
*  Modeling Kinetic Energy MS-PS3-1 RST.6-8.7 EU4/EQ4 A13*
MP.2 EU5/EQ5 Al4
A15*
A23

Formal Assessment: Kinetic Energy vs. Mass/Speed Investigation

Using provided materials, students plan an investigation to gather data that demonstrates the relationship
between KE and mass and/or speed.

Assessment Purpose and Use Administration Time: 2 days

e Performance tasks generally provide opportunities for students to  Scoring Time: 15 minutes
engage with the practices of the discipline along with the content.  Assessment Type

Formal - Extended Performance
Task

Grade 8 Science Unit 1 Instructional Framework: Forces and Energy 16




Science
Grade: 8 Unit: 1
39 days of instruction

e This task is used to measure how well students perform when Assessment Sub-Type(s)
provided with a complex task and is an opportunity to engage ina  Scenario/Phenomena-based
meaningful way with the content in the curriculum. Assessment Task

Hands-on Task
Lab/Experiment

Sample Formative Assessment
Task: “Kinetic Energy vs.
Mass/Speed Investigation”

This assessment will assess students’ ability to:

e Construct an argument supported by empirical evidence and scientific reasoning that increasing the
object’s mass results in a directly proportional increase of the object’s kinetic energy.

e Construct an argument supported by empirical evidence and scientific reasoning that increasing the
object’s speed results in an increase of the object’s kinetic energy proportional to the square of its
speed.

e Identify the purpose of the investigation, which includes providing evidence to describe the
relationship between kinetic energy and mass and/or speed.

e Identify dependent and independent variables, as well as what variables should be controlled to
examine a problem involving the relationship between kinetic energy and mass and/or speed.

e Select and determine which instruments will provide accurate and precise data to carry out an
investigation regarding how changing the speed and/or mass affect the motion and kinetic energy of
an object.

e Describe the experimental procedure necessary to investigate how changing the speed and/or mass
affect the motion and kinetic energy of an object.

Stage 1 & Stage 3 Associations:

Stage 3 Connection(s): NGSS PEs: CCSS: EUs/EQs: AGs:
*  Investigating How Speed and MS-PS2-2 RST.6-8.3 EU4/EQ4 A13*
Mass Affect the Motion and
Energy of an Object MS-PS3-1 RST.6-8.1 EUS/EQS Al4
. Moving Energy A15*

e Modeling Kinetic Energy Al6

Formal Assessment: Graphing KE vs. Mass and KE vs. Speed

After an investigation that examines the impact of changing the mass and speed of an object to determine
the impacts on the object’s KE, students construct and interpret graphical displays of data to describe the
relationships of (a) kinetic energy to the mass of an object and (b) kinetic energy to the speed of an object.
Using their data and graphical displays as evidence, students support a claim about the relationship
between kinetic energy and mass.

Assessment Purpose and Use Administration Time: 40 minutes

e Performance tasks generally provide opportunities for students to  Scoring Time: 10 minutes
engage with the practices of the discipline along with the content.  Assessment Type

Formal - Short Performance Task
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