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UNIT OVERVIEW

Why do things sometimes get damaged when they hit each other?

This unit on contact forces begins as students consider situations in which they have seen their phones break. They contrast these situations with others where something else collided with
another object and either did break or, surprisingly, did not. Attempting to identify the factors that contribute to damage occurring in some collisions and not others, as well as trying to explain
what is happening during the collision that causes one type of result versus another, sparks a series of questions and ideas for investigations around the question why do things sometimes get
damaged when they hit each other? This drives the work for the first two parts of the unit.

In the first part of the unit, students make general observations about what happens to objects during collisions and quickly move to analyzing data that show that objects deform when forces
are applied. This leads them to

¢ plan and carry out investigations and analyze and interpret data to figure out that all solid objects behave elastically up to a point and that the forces between objects in a collision are
always equal in size and opposite in direction.

¢ develop and use free body diagram models to represent the changes in the relative strength of forces on different objects in a collision.

¢ create and use mathematical models to determine how changes in the mass and speed of an object affect the amount of kinetic energy that object has.

¢ develop and use system models to support explanations for how contact forces, including friction and air resistance, cause energy to be transferred from one part of the system to
another before, during, and after a collision.

In the second part of the unit students design solutions to protect an object of their choice in a collision. They gather design input from stakeholders to refine the criteria and constraints for
their design solution, and the class works together to carry out a series of investigations to answer the questions they have about optimizing their design solutions. This leads them to

¢ plan and carry out investigations to determine which cushioning materials reduce peak forces the most in a collision.

¢ develop macroscopic models of small and microscopic structures of these materials and use these to generate data about how space to deform, contact time in a collision, and peak
forces in a collision are related.

e carry out investigations and analyze data about how the shape and size of cushioning materials affect force distribution in a cushioning structure.

e identify trade-offs, analyze and critique design solutions, and optimize designs solutions using evidence from these investigations to solve different design problems for different
stakeholders and different contexts.

The final part of the unit re-anchors around a related question and a design problem to figure out what kinds of solutions we can design to protect fragile things from breaking.
Building Toward NGSS Performance Expectations

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

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

MS-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.

MS-LS1-8:
Gather and synthesize information that sensory receptors respond to stimuli by sending messages to the brain for immediate behavior or storage as memories.

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

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

Unit Question: Why do things sometimes get damaged when they hit each other?

How students will engage with each of the phenomena

oy ER

©

HANDS-ON/ VIDEOS COMPUTER
LAB ACTIVITIES OR IMAGES m INTERACTIVES

Phenomena or Design Problem What we do and figure out How we represent it

LESSON 1

3 days

What happens when two
things hit each other?

Anchoring Phenomenon

A

U Navigation to Next Lesson: We have a lot of questions about what happens during a collision,

ML

Millions of phones are damaged a year in our
counl;?/ and many of us have experienced
such damage firsthand. We have a lot of
experiences where a collision between two
objects causes dama (fe and also experiences
where it surprisingly does not.

We model what we think might happen at the
moment of impact and a split second after a collision
where something breaks and a collision where
something doesn't break. We consider some of the
factors that could have made a difference in the
outcomes of these collisions. This motivates us to
create a Driving Question Board (DQB) and
brainstorm possible investigations we could do in
order to answer our questions. We figure out:

* Inacollision between two objects, the objects
have to come into contact; sometimes
something is damaged, but not always.

¢ Different factors and variables may cause
objects to be damaged or not damaged in a
collision.

Collisions
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so we are wondering if we can look more closely at what happens when different kinds of things collide.

LESSON 2

2 days

What causes changes in the
motion and shape of colliding

objects?

Investigation

NG

In collisions between different objects like
balls, CD cases, rice noodles, wooden stirrers,
crackers, and carts with metal hoops, rubber
stoppers, and clay on them, the shape of the
objects and/or their motion changes.

We explore colliding objects and record observations
about changes in their motion and shape. We analyze
slow-motion videos of some of these collisions. We
develop a model to represent what we know about
energy transfer and forces occurring in collisions
when we see changes in motion of objects, shape of
objects or damage to objects. We figure out:
A collision can cause the objects involved to
change motion and/or change shape.
* Energy transfer occurs during a collision.
¢ There is a force(s) between objects when they
make contact during a collision.

system
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U Navigation to Next Lesson: We aren't sure if all objects, especially really rigid ones, change shape during collisions. We need more evidence and think making observations of slow-motion video of rigid objects
colliding would help us determine whether this is happening or not.
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Phenomena or Design Problem What we do and figure out How we represent it

LESSON 3
1day

Do all objects change shape
or bend when they are
pushed in a collision?

Investigation

7o) )”

@A
Cars, golf balls, baseball bats, and baseballs
visibly bend and change shape during

collisions. A piece of glass and concrete also
bend when something else pushes on them.

We make a claim about whether all solid objects
bend or not when pushed during a collision. We
analyze slow-motion videos, carry out an
investigation with a laser and a mirror, and analyze
images from a timelapse concrete joint load testing
video. We argue for whether our original claims are
supported or refuted by the evidence. We figure out:
¢ All solid objects bend or change shape in a
collision and when other contact forces are
applied to them.

4 Navigation to Next Lesson: Though we figured out that all solid objects deform, we are wondering how much force it takes to deform any solid object, and we started brainstorming ideas about how we could

go about investigating this.

LESSON 4

2 days

How much do you have to
push on any object to get it to
deform (temporarily vs.
permanentl s)?

Investigation

A

All materials have an elastic limit and will
deform and return to their original shape in
response to an applied force up to a point,
beyond which permanent deformation occurs.

We plan and carry out an investigation to look at the
relationship between contact force applied and the
amount of deformation that occurs in different
materials. We construct graphs of our data and
compare them to those from other materials tests.
We develop a model to represent the elastic and
inelastic behavior of all solid objects in response to
varying amounts of force applied to them. We figure
out:

¢ Allsolid objects deform elastically when force
is anlied to them, up to anoint.

e Different objects have a diftferent elastic limit,
which is the maximum amount of
deformation they can withstand, beyond
which they will deform permanently.

e Different objects have a different breaking
point, which is the maximum amount of
deformation they can withstand, beyond
which they will crack or split apart.

¢ The type of material, the shape, and the
thickness of an object all affect (a) how much
it deforms when a force is applied to it, (b) its
elastic limit and, (c) its breaking point.
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4 Navigation to Next Lesson: Though we figured out that all solid objects elastically deform up to a point when forces are applied to them, we aren't really sure which objects are getting pushed on when one

object is moving into a stationary object in a collision.
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Phenomena or Design Problem What we do and figure out How we represent it

LESSON 5
2 days

How does changing the mass
or speed of a moving object
before it collides with another
object affect the forces on
those ob_jects during the
collision?

Investigation

When one of two objects (fingers or spring
scales) is pushed against another of these
objects, both objects deform. The peak force
registered on a spring scale is the same as the
peak force registered on another spring scale
when they make contact with each other
(either through a static load or during a
collision).

We carry out investigations to explore the strength of
forces between two objects when they collide. We
plan and carry out an investigation about how
different speeds and masses of objects affect the
amount of peak force on each object. We develop
and use a model to represent the relationship
between the energy of a moving object and the
strength of the peak forces from a collision. We figure
out:

¢ Objects in contact with each other apply
equally strong forces on each other in
opposite directions.

¢ Objects that collide apply an equall\{1 strong
peak force (maximum force) on each other
during the collision.

* Afree body diagram can help represent the
forces on the objects in a collision by
considering each object separately.

¢ Increasing the speed or mass of a moving
object increases its kinetic energy (KE).

¢ The more KE that objects in a system have,
the higher the peak forces they can produce in
a collision.

Refore +he col lision
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4 Navigation to Next Lesson: We have a model that we think can be used to explain why some objects break and others don't in a collision. We want to test the use of this model on some of our initial questions

and try to explain some new and related phenomena.

LESSON 6
1day

What have we figured out
about objects interacting in
collisions? How can we apply
our new learning to answer
questions about objects
interacting in collisions?

Putting Pieces Together,
Problematizing

@

Soccer is becoming more and more popular in
the United States. And while other soccer-
related injuries are happening less frequently,
youth soccer players in the United States are
experiencing more concussions.

We look back at questions from our Driving Question
Board and answer questions we have made progress
on during Lesson Set 1. We take an assessment to
apply our science ideas to a new context and
determine we need to figure out what causes more
damage and energy transfer during a collision--
increases in mass or increases in speed. We figure
out:
¢ We have made progress on many of our DQB
questions.
¢ We can apply our learning to answer
questions about peak forces, damage, and
kinetic energy of moving objects in soccer
collisions.

free body diagram for player

peak force from the
ball on the head

o

free body diagram for ball

peak force from the

head on lie ball

U Navigation to Next Lesson: During our discussion of assessment question 6, we discover we have conflicting ideas of what would cause more damage, increases in the mass or increases in speed of a moving

object. We plan to investigate this further in our next lesson.
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Phenomena or Design Problem What we do and figure out How we represent it

LESSON 7
2 days

How much does doubling the
speed or doubling the mass
affect the kinetic energy of an
object and the resulting
damage thatitcandoina
collision?

Investigation

ADER

(ondition B
™ass & cark: 12843
lounch speed: 93 en/s

-

—y
initial-cart-speed 10

distance box was pushed
o

Initial-cart-mass 10

Changes in the mass and speed of a cart
affect how far it pushes a box down a track
and the amount of damage it does to a
cracker it runs into.

We carry out an investigation to determine how
doubling the speed of an object vs. doubling its mass
affects %e amount of damage it does in a collision.
We analyze data to determine how to quantify the
relative change in the kinetic energy of an object. We
use a computer simulation to collect additional data
on changes in the mass and the speed of a movin
object and the amount of kinetic energy. We develop
mathematical models of these relationships and use
them to predict and explain how this could affect the
amount of damage in a collision. We figure out:

¢ In an investigation with multiple independent
variables it is important to keep track of which
variables are remaining constant and which
are changing

e The more kinetic energy an object has the
more damage it can do in a collision.

e The more kinetic enerﬁy an object has the
more you have to push against the direction of
its motion to get it to stop.

¢ The kinetic energy of an object is directly
proportional to its mass; the KE of an object is
proportional to the square of its speed.

Fow Changes  n mass and speed  affeck the
Qovnt © of  ferneic eneryy  an ohject  has
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U Navigation to Next Lesson: We have some initial ideas and some specific questions about where the energy is coming and where it is going in our cart-launcher system before and after the cart collided with a

cracker or a box.

LESSON 8
1day

Where did the energy in our
launcher system come from,
and after the collisions where
did it go to?

Investigation

@

\\.\\\

S

A phenomena from the previous lesson:
Pulling back a cart against a push-pull spring
scale and releasing it results in it launching
the cart down a track, the cart running into a
box, and the box getting pushed some
distance down the track by the cart until both
the cart and box stop moving.

We develop a model to show where energy is
transferred between the spring, cart, and box and
how contact forces cause this energy transfer. We use
this to start brainstorming other places where contact
forces may be causing energy transfer in the system.
We figure out:

¢ The more force you apply to an object the
more that object speeds up.

e It takes more force to speed up a more-
massive object the same amount as a lower-
mass object.

¢ Potential energy can be stored in some
systems when zlou change the shape or
arrangement of parts in that system (e.g., a
spring).

¢ Contact forces transfer energy between
different objects or subsystems within the
larger cart-launcher system.

E"t 3y eamsters ool comtact forers

Yhe Ilvscher, car, box , and Hrack sysien

4 Navigation to Next Lesson: We have some ideas about other places where contact forces may be causing energy transfer in the system and we want to investigate two of these types of interactions further:
sliding along the track surface and moving through the air.
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Phenomena or Design Problem What we do and figure out How we represent it

LESSON 9
2 days

How do other contact forces
from interactions with the air
and the track cause energy
transfers in the launcher
system?

Investigation

A

s
2021 22 20 20
e

An index card on the front of a cart visibly
deforms when the cart coasts down the track;
it deforms more when a faster headwind is
blowing toward it; the cart doesntt travel as far
and its direction of motion reverses in a
headwind.

We conduct investigations to gather evidence to
explain what other forces affect the kinetic energy of
an object before a collision. We develop claims using
our evidence and provide and receive feedback with
peers to synthesize our ideas. We revise our model to
show additional places in the launcher system where
energy is transferred and how contact forces cause
this energy transfer. We figure out:

e Friction is a contact force due to interaction
between surfaces in contact and is produced
by the bumps (roughness) on surfaces as they
push against each other.

e Interactions due to friction and air resistance
apply contact forces to a moving object that
are in a direction that is opposite its motion.

¢ Force interactions due to friction and air
resistance transfer energy to the surfaces of
the objects that slide over each other; this
results in an increase in particle-level kinetic
energy (a temperature increase).

¢ Energy can be transferred to and from
collisions between objects and particles in the
air.

U Navigation to Next Lesson: We know a lot about how damage occurs and we want to explain why some objects break and others don't in collisions.

Energy transfers and contact forces in the launcher, cart, box, and track system

tme 0

time 2

Box

PoKE

LESSON 10

2 days

WARNING!

BALLS HIT WITH THIS TITANIUM BAT MAY COME OFF HARDER AND
QUICKER WHICH MAY REDUCE REACTION TIME FOR DEFENSIVE
PLAYERS. PLEASE WARN EVERYONE WHEN USING THIS TITANIUM BAT.

FAILURE TO ALERT COULD RESULT IN INJURY.

Why do some objects break
or not break in a collision?

At each level of organized baseball, there are
rules in place about what type of bat and ball
can be used to ensure the game play remains
competitive, fair, and fun. There are other
factors that can impact game play that can't
be controlled, such as weather conditions,
location of the stadium, and the strength of
the players.

Putting Pieces Together

511

We revisit our collision types from Lesson 1and
explain why some objects were damaged and others
weren'tin glifferent collisions. We use these ideas to
answer questions on the Driving Question Board and
take an assessment to apply our new ideas to a new
set of collision-related phenomena in the context of
baseball. We figure out:

¢ \We have made progress on our DQB
questions.

e We can apply our new learning over mass,
speed, peak forces, and energy transfer to
explain equipment-related corlisions and
interactions in baseball.

U Navigation to Next Lesson: We can use our science ideas to answer a lot of questions about what causes damage in a collision, but we still can't explain how certain materials seem to protect against damage

better than others in a collision and we have unanswered questions about how these work.

Phenomena or Design Problem What we do and figure out How we represent it

openscied.org

Unit 8.1-10/1/25

Page 7



Phenomena or Design Problem What we do and figure out How we represent it

LESSON 11
2 days

What can we design to better
protect objects in a collision?

Anchoring Phenomenon

—

©

R
M i::;f‘ %M

All devices designed to protect objects have
common criteria and constraints.

We look back at our anchor and discover that some
phones were in protective cases when they were
damaged. We develop new phone case criteria and
constraints and design our own protection device for
something we want to protect. We receive feedback
on our designs and consider what criteria and
constraints all designs need to protect objects. We
develop questions about our designs and ideas for
investigation. We determine that we need to figure
out the best damage-reducing materials. We figure
out:
¢ All protection devices have similar criteria and
constraints.
¢ Device shape, material, and structure have
something to do with protective devices
reducing damage to an object.
¢ We need to determine what makes certain
materials better at reducing damage than
other materials.

Whole class criteria
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(citeria Constraidts

Ml Needs o look nice n
e good ShepB™| L ) e offrablent

e kel el Corl el
(‘on’r befoo b‘S on b
Eﬂs& "O use "
T Quick o lourld "
*[‘a”? [T:&L :)r“‘ It ﬂeusnble {‘lflf
® i on i poggs

U Navigation to Next Lesson: While we figured out that the shared criteria of materials is important, we still need to figure out what makes one material better than another at reducing damage to an object.

LESSON 12

2 days

What materials best reduce
the peak forces in a collision?

Investigation

A

Materials that help to reduce peak force in a

collision have similar structures, such as
greater deformation abilities and air in their
structures.

We conduct an investigation to determine what
easily accessible materials reduce peak force in a
collision. We compare the structure of the materials
and find similarities in their compositions that might
affect their function. We also determine that the peak
force is reduced equally on both objects, regardless of
size. We try to develop a model to explain how the
structures of the materials function in a collision that
helps to reduce peak forces on the objects we want
to protect. We figure out:
¢ Materials that reduce peak force have similar
structures, such as air pockets or space for air,
and the ability to deform when a contact force
is applied; these materials reduce the peak
force equally on both objects involved in the
collision.

Force Reduction Chart
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U Navigation to Next Lesson: We know that the protective materials have some similar characteristics, but we are still wondering how those help reduce peak forces when a contact force is applied.
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LESSON 13

We develop a model to represent how the structures

Phenomena or Design Problem What we do and figure out How we represent it

3 days

How (and why) does the
structure of a cushioning
material affect the peak
forces produced in a
collision?

Investigation

@4

Cushioning material has repeating patterns of
air or space gaps throughout its structure.
Repeated chains of open-ring structures put
between two colliding objects reduce the peak
forces on those objects. Other changes in the
arrangement of those structures also affect
the forces applied to objects in the system.

of materials compare in the top four performers for
peak force reduction. We use scaled-up versions of
these structures to generate data using slow-motion
video about the unobservable mechanisms at work in
the system. We carry out an investigation to
determine how the amount of force applied to
different points of a cushioning structure is affected
by the shape of that structure. We figure out:

* Protective materials tend to have a lot of
space (or air) for the solid materials to deform
into, which makes these materials relatively
easy to deform (with little force applied to
them).

¢ The thicker these kinds of materials are, the
more they reduce peak forces because this
increases the total time the collision takes.

e Making a material more densely packed with
smaller and smaller spaces does not
necessarily reduce peak forces; such increased
density may actually have the opposite effect.

e The more you can spread the peak forces out
over a larger area or over more points of
contact, the less force is applied to each point
of contact; this can reduce the amount of
damage on the material you are trying to
protect.

cart & spring
scale subsystem
i cart & spring
scale subsystem

"

brick 4 \{ cart & spring
A scale subsystem

the 3 rings.

* e

U Navigation to Next Lesson: We started thinking about how what we have figured out could be applied to our protective device design solutions we have been working on as well as how they could be applied to
another design problem we encountered earlier (protecting players' heads from concussion in a sports-related context). We are going to try to do this in the work we do across the next two lessons.

openscied.org
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Phenomena or Design Problem What we do and figure out How we represent it

LESSON 14 We redesign our protective devices and receive
stakeholder feedback. We use the feedback and et i PR e A L
2 days considerations to inform decisions on primary,
secondary and tertiary criteria for materials in a - e
How can we use our science decision matrix. We evaluate the overall scores of the ¥ v
ideas and other societal materials and consider the consequences of each Whst e some o s decs? it ety o
wants and needs to refine our change made to the protective devices. We figure o
designs? out: o L
’ ¢ Most designs will not meet every criteria and oedmpor
Putting Pieces Together constraint perfectly. . . v ¥
¢ When engaging in an engineering design T T e
problem, trade-offs will occur based upon s e thece ebore: el
‘d:ﬂ stakeholder feedback. St o ol o Pttt b I
* Some stakeholder considerations will have a e e by e iy Sasheiipdnat
higher priority than other considerations. ko mr s You ik the delgrctshokd
When redesigning a device, stakeholder e Every trade-off has consequences. S et

feedback is important to consider. Each
change based upon a consideration comes
with a trade-off, and those trade-offs have
consequences for the usefulness and purpose
of the device.

4 Navigation to Next Lesson: Now that we have prioritized material choices based upon stakeholder feedback and considerations, we can draft a design brief to share the changes and consequences of those
changes with stakeholders.

LESSON 15 We evaluate other engineers' design solutions to
protect cheerleaders from concussions in collisions
2 days using the science and engineering ideas we have

figured out over the course of the unit. We design our
own solution and argue how it takes into
consideration the criteria, constraints, and trade-offs
considered in the proposed solution. We revisit the
DQB to take stock of the questions we have
Putting Pieces Together Cheerleading is a sport where the participants answered.

are at risk of concussions and traditionally
) haven't worn protective headgear. More
\ @J} recently, headgear from other sports has been
—_ used by some cheerleading squads to try to

protect their members from injury. An

opportunity exists to design a more-

customized form of headgear that better

meets the needs of this particular sport.

How can we use what we
figured out to evaluate
another engineer’s design?

U Navigation to Next Lesson: The next lesson is an optional extension for use beyond the formal end of the unit (this lesson) for classrooms that have a strong interest in building, producing, and testing physical
prototypes for design solutions students have been refining on paper in the previous lessons.
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Phenomena or Design Problem What we do and figure out How we represent it

LESSONTE
force will be involved in the collision?
4 d avs Asmall amount Amedium Alarge amount Amassive
y of force-- amount of of force-- amount of
comparable toa force--like 2 something like a force--like two
book being heavy book bag. ‘student desk headon bikes or
dropped on the being dropped falling over other vehicles.
OPTIONAL How can we T coldng hesdon

market our designs to our
potential investors?

How far did the object travel before it How far did the abject travel before it

comes into contact with another object in
the collision?

comes into contact with another object in
the collision?

Putting Pieces Together

A

4-8feet

4feetor 4-8 feet over8 4feetor
away t

Investors want a device that is marketable
and takes into consideration the needs of
stakeholders. Designers need to keep these
things in mind when creating a pitc
presentation for investors.

U Navigation to Next Lesson: There is no next lesson.

In this optional lesson we develop a presentation to
share our design with potential investors. We have
the option to create a scale prototype and test our
design and/or add visual aids to our presentation. We
also present our design ideas to investors. We figure
out:
¢ Investors care about the considerations of
stakeholders.
¢ As adesigner, information has to be presented
in a relevant and engaging way that allows
investors to see that all stakeholder
considerations have been taken into account.

List the name of the product designer here:

What device are you

investor?

What is the most promising

design idea or feature?
Why?

What question(s) do you have
for the designer?

What suggestionfidea do you
have to help improve their

design?

LESSONS 1-16
33 days total
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TEACHER BACKGROUND KNOWLEDGE

Lab Safety Requirements for Science Investigations

It is important to adopt and follow appropriate safety practices within the context of hands-on investigations and demonstrations, whether this is in a traditional science laboratory or
in the field. In this way, teachers need to be aware of any school or district safety policies, legal safety standards, and better professional practices that are applicable to hands-on
science activities being undertaken.

Science safety practices in laboratories or classrooms require engineering controls and personal protective equipment (e.g., safety goggles, nonlatex aprons and gloves, eyewash and
shower station, fume hood, fire extinguishers). Science investigations should always be directly supervised by qualified adults, and safety procedures should be reviewed annually
prior to initiating any hands-on activities or demonstrations. Prior to each investigation, students should also be reminded of the safety procedures that need to be specifically
followed. Each of the lessons within the OpenSciEd units includes teacher guidelines for applicable safety procedures for setting up and running an investigation as well as taking
down, disposing of, and storing materials.

Prior to the first science investigation of the year, a safety acknowledgement form for students and parents or guardians should be provided and signed. You can access a model
safety acknowledgement form for middle school activities at the following location: http://static.nsta.org/pdfs/SafetyAcknowledgmentForm-MiddleSchool.pdf

Disclaimer: The safety precautions of each activity are based in part on use of the specifically recommended materials and instructions, legal safety standards, and better professional
safety practices. Be aware that the selection of alternative materials or procedures for these activities may jeopardize the level of safety and therefore is at the user's own risk.

Please follow these lab safety recommendations for any lesson with an investigation:
1. Wear safety goggles (specifically, indirectly vented chemical splash goggles), a non latex apron, and nonlatex gloves during the setup, hand-on investigation, and take-down
segments of the activity.
2. Immediately wipe up any spilled water and/or granules on the floor as this is a slip-and-fall hazard.
3. Follow your Teacher Guide for instructions on disposing of waste materials and/or storage of materials.
4. Secure loose clothing, remove loose jewelry, wear closed-toe shoes, and tie back long hair.
5. Wash your hands with soap and water immediately after completing this activity.
6. Never eat any food items used in a lab activity.
7. Never taste any substance or chemical in the lab.

& Specific safety precautions are called out within the lesson using this icon and a call-out box.
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TEACHER BACKGROUND KNOWLEDGE

What is the anchoring phenomenon and why was it chosen?

This unit uses two anchors, one to drive student questions and investigations in the first two lesson sets of the unit, and one to drive student questions and engagement in the use of
engineering ideas and the iterative design process in the last third of the unit. This unit begins with students considering national statistics on the frequency and cost of cell phone
breakage. Students share situations in which they have seen cell phones break. Students then contrast these situations with other situations where something else collided with
another object and either did break or, surprisingly, did not break. Students then attempt to identify the factors that contribute to damage occurring in some collisions and not others,
as well as try to explain what is happening during the collision that causes some items to become damaged in a collision when others are not. Students then develop a Driving
Question Board (DQB) to guide future investigations.

This introduction, using a commonly broken and widely used device, allows students to engage in the investigation of ideas regarding energy and forces in a collision. The ideas of
deformation and breaking point examined in Lesson Set 1 apply widely to phone use, as some collisions result in damage while others surprisingly do not. In Lesson set 2, students
also have the ability to re-examine how different collisions can lead to damage or no damage on their devices.

Lesson set 3 re-anchors students thinking about the question of why some phones still break when in protective cases. They identify an object of their choice to design protection for
in a collision, they define related criteria and constraints for such design solutions and they develop initial models for why their solutions would affect the outcome of a collision.
Students then add new questions to their Driving Question Board (DQB) to guide future investigations.

Each OpenScied unit's anchoring phenomenon is chosen from a group of possible phenomena after analyzing student interest survey results and consulting with external advisory
panels. We also chose cell phone breakage as the first anchoring phenomenon for this unit for these reasons:
¢ This anchor ranked higher than the top alternative (related to bike helmets) in a pre-field release student survey.
e +80% of teenagers own cell phones, and those who don't are around classmates who do. Nearly all students, therefore, have multiple interactions with people on a daily
basis who have these devices, even if they do not own one themselves.
¢ A subsequent piloting of this anchor confirmed that witnessing the type of phenomena referenced in the anchor, some sort of collision that caused someone’s cell phone to
get damaged, was an extremely common occurrence.
¢ Cell phones are devices that people commonly buy protective cases for.
¢ Two pre-field test pilots of the cell phone damage) anchor produced driving question boards that had a majority of the students' questions on them and ideas for
investigations to answer those questions, which were anticipated by the unit development team, and were specifically targeted in the field test version of the storyline.

We chose a re-anchor around a design problem for an object of the students’ choice for these reasons:
¢ One important aspect of engaging in the engineering design process, is to define what the problem is. Positioning students as the ones who define for themselves where
the problem exists and what might benefit from a solution, positions them in a more genuine problem-definition context. Subsequent interviews with potential users of
such a solution also provided an opportunity for students to involve community members for their perspectives to determine important criteria for their design solution.

What are the NGSS Dimensions developed in this context?

In this unit, students develop observations about what happens to the motion and shape of objects. They develop the idea that all solid objects deform when forces are applied to
them, behaving elastically up to a point and then incurring permanent damage beyond that point. Students conduct investigations into how the contact forces between objects in a
collision compare. They develop and use free-body diagrams to represent the changes in the relative strength of forces in a collision. Students also develop mathematical models to
represent changes in the mass and speed of an object affecting the amount of kinetic energy that object has. They unite two different perspectives (energy and forces) to develop
and use system models to support explanations for how contact forces, including friction and air resistance, cause energy to be transferred from one part of the system to another
before, during, and after a collision. Students then design solutions to protect an object of their choice in a collision. They gather design input from stakeholders to refine the criteria
and constraints for their design solution and they carry out investigations to determine which cushioning materials reduce peak forces the most in a collision. They develop models of
how these cushioning materials function using the microscopic structures of these materials. They use these models to generate data about how space to deform increases contact
time and decreases overall peak forces in a collision. They use what they figure out from these investigations to identify trade-offs, analyze and critique design solutions, and optimize
a design solution to solve different design problems for different stakeholders and different contexts. They apply their new understandings to different sports-related contexts
(soccer, baseball, and cheerleading), in different transfer tasks over the course of the unit.
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This unit builds toward these performance expectations:

MS-PS2-1 Apply Newton's Third Law to design a solution to a problem involving the motion of two colliding objects.
MS-PS2-2. Plan an investigation to provide evidence that the change in an object's motion depends on the sum of the forces on the object and the mass of the object.
MS-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.
MS-ETS1-2.* Evaluate competing design solutions using a systematic process to determine how well they meet the criteria and constraints of the problem.

MS-ETS1-3.* Analyze data from tests to determine similarities and differences among several design solutions to identify the best characteristics of each that can be combined

into a new solution to better meet the criteria for success.

Focal Disciplinary Core Ideas**

PS2.A. 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). In lesson 5, students figure out
that the strength of the contact forces on each of two objects in contact with each
other are equal and in opposite directions of each other. This idea is reused in lesson 6-
16.

PS2.A. The motion of an object is determined by the sum of the forces actinﬁ onit; 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. In lesson 7-8,
students explore how increasing the strength of a force applied from a spring scale
launcher to a cart affects the speed of the cart when it is launched. They figure out that
after increasing the mass of the cart a larger amount of force needed to be applied to it
to get it to launch at the same speed. Students determine that when greater force is
applied to a constant mass, the speed of the object will increase.Students then reuse
this idea in lesson 10. Students investigate net force relationships in lesson 13 to
compare the strength of multiple forces applied to multiple sides of a structure when
that force is being compressed but not moving.

PS2.A. 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. Students are introduced to frames of reference in lesson 1, when they
categorize all collisions that occur in any direction into one of three categories. Students
identify a reference height to measure the deformation of an object in lesson 4 and
compare different units for measuring the size of a force in lesson 5. They switch
between measuring forces in different scales when they record peak forces in a collision

Focal Science and Engineering Practices

Analyzing and Interpreting Data. This
unit intentionally develops this practice.
Students work a new kind of
mathematical relationship in their data
analysis. Students construct, analyze,
and interpret graphical displays to
identify linear and nonlinear relationships
and determine that the kinetic energy of
a moving object is proportional to its
mass and its kinetic energy is related to
the square of its speed. Students also find
lines of best fit and identify quantitative
relationships in their data related to the
amount of deformation per Newton of
force and the change in Kinetic Energy as
a scale factor.

The following practices are also key to
the sensemaking in the unit:
¢ Asking Questions and
Identifying Problems
¢ Developing and Using Models.
¢ Planning and Carrying Out
Investigations.
¢ Constructing Explanations and
Designing Solutions
¢ Engaging in Argument from

MS-LS1-8.* Gather and synthesize information that sensory receptors respond to stimuli by sending messages to the brain for immediate behavior or storage as memories.

Focal Crosscutting Concepts

Structure and function This unit
intentionally develops this crosscutting
concept. Students develop the idea that
complex microscopic structures and
systems can be visualized, modeled, and
used to analyze how their function
depends on the relationships among its
parts in Lesson Set 3, building and testing
scaled up version of the space and air
cavities found in many of the most
effective cushioning materials. While
students will have encountered parts of
this idea in the Cup Design Unit, this unit is
the first unit that has students develop
larger scale modes of microscopic
structures and test them to figure out
why they function the way they do.

Stability and change. This unit
intentionally develops this crosscutting
concept. This unit expands the scale that
students consider for explanations of
changes over time at different scales.
Students consider forces on and within
substructures that make up cushioning
materials. Students also examine particle

in this lesson and also in subsequent lessons. Evidence level force interactions due air resistance
. . L - . and surface friction to account for why
PS3.A. Motion energy is properly called kinetic energy ; it is proportional to the mass the objects that were moving in a system
of the moving object and grows with the square of its speed. Students recall their (a cart and box) slow down, and
previous use of kinetic energy in the context of particle level collisions from the Cup ntually st '
Design Unit in lesson 2. In lesson 5 they identify the relative differences in kinetic energy eventuaty stop.
for moving vs. non-moving carts with more or less mass or speed. In lesson 6 they
gather data to determine that the kinetic energy of an object is proportional to its mass
and that it grows with the square of its speed.
openscied.org Unit 8.1+10/1/25
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Continued from the previous page...

Focal Disciplinary Core Ideas** Focal Science and Engineering Practices Focal Crosscutting Concepts
PS3.B. When the kinetic energy of an object changes, there is inevitabgl some other The following practices are also key to
change in energy at the same time. In lesson 8, students develop a model to show that the sensemaking in the unit:
potential ener%z/ is stored in part of the launcher system and is transferred out of the e Patterns
system when the cart is launched. In lesson 9, students develop a model for showing Cause and Effect

L]
where energy is being transferred to in the surroundings in a cart-box system. * Systems and System Models
L]
PS3.C. When two objects interact, each one exerts a force on the other that can cause Energy and Matter
energy to be transferred to or from the object. In lesson 8 students identigl contact
forces as the mechanism for energy transfer in a collision. They apply this idea in lesson
9, to explain that air resistance an§ friction transfer energy to the surroundings due to
contact force interactions between two objects or an object and many particle collisions.

ETS1.B. There are systematic processes for evaluating solutions with respect to how
well they meet the criteria and constraints of a problem. Students recall the role of
criteria and constraints in design work in lesson 11. They develop and apply a
systematic process for evaluating their own design solutions in lesson 14 and 16, and for
evaluating a cheerleader headgear design in lesson 15.

ETS1.B.Sometimes parts of different solutions can be combined to create a solution
that is better than any of its predecessors. Students combine different aspects of
material behavior to redesign their own design solutions in lesson 14 and engage in an
iterative design process in optional Lesson 16 to create a protective device to meet the
needs of stakeholders.

ETS1.C. Although one design may not perform the best across all tests, identifying the
characteristics of the design that performed the best in each test can provide useful
information for the redesign process—that is, some of those characteristics may be
incorporated into the new design. Students analyze the behavior of different materials
and compare those materials to the use of materials in their own designs. Students then
combine different aspects of material behavior to redesign their own solutions in lesson
14.

LS1.D. Each sense receptor responds to different inputs (etectromagnetic, mechanical,
chemicat), transmitting them as signals that travel along nerve cells to the brain. The
signals are then processed in the brain, resulting in immediate behaviors or
memories. Students develop this idea through a reading in lesson 5. The struck-through
portion of this DCl is developed in the One-way Mirror Unit and Bath Bombs Unit.

*PEs marked with an asterisk are partially developed in this unit and shared with other units, as explained in the DCI column.

**Disciplinary core ideas are reproduced verbatim from A Framework for K-12 Science Education: Practices, Crosscutting Concepts, and Core Ideas. DOI: https://doi.org/10.17226/13165.
National Research Council; Division of Behavioral and Social Sciences and Education; Board on Science Education; Committee on a Conceptual Framework for New K-12 Science
Education Standards. National Academies Press, Washington, DC. This material may be reproduced and used by other parties with this attribution. If the original material is altered in
any way, the attribution must state that the material is adapted from the original.
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Connections to the Nature of Science

Which elements of NOS are developed in the unit?

How are they developed?

e Science investigations use a variety of methods and
tools to make measurements and observations.
(NOS-SEP)

Which elements of ETS are developed in the unit?

¢ Students use their fingers as force sensors and a peak force collar to measure the contact forces on two
colliding objects, and they use a variety of materials such as a rubber band to measure the amount of friction
from different surfaces and dissect various cushioning materials. They collect data using push-pull force
scales, rulers, slow motion videos, reflected laser beams, and computational simulations.

Connections to Engineering, Technology and Applications of Science

How are they developed?

¢ Engineering advances have led to important
discoveries in virtually every field of science and
scientific discoveries have led to the development of
entire industries and engineered systems

¢ Students craft an argument using science ideas regarding head injuries during sports, and evaluate new
helmets for cheerleaders (an emerging need and industry).

openscied.org
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How is the unit structured?

This unit is broken into three lesson sets each of which help make progress on a sub-question related to the driving question for the entire unit. Lessons 1-6 focus on developing
science ideas about force interactions between colliding objects. Lessons 6-10 focus on the relationship between forces and energy transfer in collisions. Lessons 11-16 focus on
design solutions to protect an object of their choice in a collision and how the structure of materials can mitigate the damage that a collision can cause.

Driving question: Why do things sometimes get damaged when they hit each other?

Lesson Set 1: How do objects interact when they make contact
in a collision?

Lesson Set 2: How are changes in energy related to force interactions?

Students compare Students investigate Students investigate Students test how Students develop and Students apply what
national phone how motion and shape how the strength of changes in mass and revise models for they figure out to
damage statistics to changes in a variety forces compare when speed affect the kinetic energy transfers in the explain why, in
their classroom of collisions. Students two objects of different energy of an objectand cart launcher system. different collisions,
experiences and investigate the mass or speed collide. develop mathematical They carry out some objects were
reenact some scenarios relationship between They apply what they relationships between investigations into damaged and others
in which they observed the force applied and figure out to explain and these variables. surface friction and air weren'tand apply their
damagetoa cell phone the amount and type predict soccer-related resistance interactions understanding toa new
firsthand. of deformation in collision phenomena. in that system. set of baseball- related
an object. collision phenomena.

Lesson Set 3: What can we design to better protect objects in a collision?

Lessons 13-14

Lessons 11-12

Lesson 16
(optional)

Students recall Lesson Students dissect materials Students apply what

1 and develop design and analyze slow-motion they figured out during Students create a scale
criteria and constraints collision data of the interal the redesign of their pro'.(otype Of. their

for new phone cases. structure of these materials devices to evaluate design solutions and
Students draft initial to understand why some other engineers'design develop apresentation
protection device reduce the peak forces in a solutions to the to share with potential
designs for something collision better than others. problem of protecting investars.

they want to protect. Students redesign their cheerleaders from

concussions and draft
their own solutions to
this problem.

devices using this information
and stakeholder feedback.
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Where does this unit fall within the OpenSciEd Scope and Sequence?

This unit is designed to be taught as the first unit of 8th grade. It is designed to be taught after students have experienced the Cup Design Unit and Healing Unit. As such, work in this
unit can leverage ideas about the particle nature of matter, how energy can be transferred through particle-level collisions (conduction), how neurons work together to transfer signals
from our senses to our brain. It is also designed to be taught after students have experienced the Homemade Heater Unit, as it leverages ideas about the role of criteria, constraints,
stakeholders, and tradeoffs in the engineering design process.

This unit is designed to be taught prior to OpenSciEd Unit 8.2: How can a sound make something move? (Sound Unit). That unit will leverage ideas about how forces transfer energy across
a system and that all solid matter can be elastically deformed in a collision that are developed in this unit. It is also designed to be taught prior to OpenSciEd Unit 8.3: How can a
magnet move another object without touching it? (Magnets Unit). That unit will leverage ideas about how every force is part of a force pair, that are two equal and opposite forces on two

different objects.

openscied.org
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What additional ideas will my students have or know from earlier grades or OpenSciEd units?

In this unit, students build upon ideas from earlier grades and the Cup Design Unit, One-way Mirror Unit, Healing Unit. Throughout the unit, students will build upon these previous ideas:
Previous unit or grade-level DCls How it is leveraged in this unit

Building upon ideas developed in the One-way Mirror Unit and Healing Unit In Lesson 5 students read about the sense of touch. Prior ideas about how neurons function, where
regarding cells, receptors, and information transfer. they are located, and some of their structures (axon and neurons). These are leveraged in the reading
¢ LS1.D Each sense receptor responds to different inputs to explain how we sense pain, temperature, and pressure. These ideas are also extended to help
transmitting them as signals that travel along nerve cells to the students develop a causal chain for how mechanical sense receptors in nerve cells in our skin
brain. The signals are then processed in the brain transmit signals to other nerve cells to our brain that these signals are then processed in the brain,

resulting in immediate behaviors or memories, and that, responses can be sent back from our brain
to our muscles through other neurons to make them move.

In lesson 6 students work with a transfer task, that refers to the breaking point of axons in neurons
related to a sports related collision context (concussions).

Building upon ideas developed in the Cup Design Unit and Healing Unit Lesson 2 elicits ideas about the way students modeled particle level motion energy from the Cup
regardlng the particulate nature of matter ancf energy transfer. Design Unit and refers to it as kinetic energy. This lesson also refers to how energy transfer occurs in
PS 3.A Motion energy is properly called kinetic energy. collisions via conduction.
e PS 3.A Temperature is a measure of the average kinetic energy of
particles of matter. Lesson 8 elicits ideas about temperature being a measure of the average kinetic energy of particles
e PS 3.B Energy is transferred out of hotter regions or objects and and extends ideas about energy transfer occurring through particle-level collisions to include
into colder ones by the processes of conduction additional interactions related to air resistance and surface friction.

e PS 3.B When objects (and particles) collide, energy can be
transferred from one object to another, thereby changing their

motion
Building upon K-5 knowledge about forces and motion Lesson 2 introduces a force perspective way of considering what causes the shape of an object to
e PS2.A: Each force acts on one particular object and has both change. This draws on what students should know from Kindergarten regarding what a push can do
strength and a direction. and categorizes it as a force. Students would have utilized the word force in grade 3 to describe
¢ PS2.B When objects touch or collide, they push on one another pushes and pulls.

and can change motion or shape

This unit also leverages knowledge students may bring from their experiences outside of science class. It is valuable to think of the relevant ideas listed below not as misconceptions
that need to be erased but as productive ideas that we can use to build understanding. Not only does this help some students feel more comfortable talking about science and build a
scientific identity, it improves science learning across the board. Having a set of competing ideas to compare, evaluate, and resolve is what drives the focus of many of the lesson
questions and related investigations of the unit. Students will make incremental progress on revising these ideas over multiple lessons. The list below also indicates where students
will first encounter a line of evidence that they can use to start to refute these ideas.

Some relevant ideas about forces that students may come into the unit with include:

¢ Aforce is a property of a single object rather than the result of two interacting objects. In lesson 5, students will figure out that forces only exist in pairs.

e In asingle collision, a heavier or faster-moving object would push harder than a lighter, slower object. In lesson 5, students will figure out that the strength of the forces in a
collision is the same on both objects that make contact.

¢ Only moving objects push on stationary objects, but stationary objects do not push back on the moving ones. In lesson 5, students will figure out that stationary objects push back
with the same strength of the force as the object pushing into them.

¢ Inanimate objects don't exert forces on objects that make contact with them (e.g., a hand) because they are not living. In lesson 3, students will figure out that all objects deform
when a force is applied to them. They use this idea to explain why all objects exert contact forces on each other in collisions in lesson 5.

e Some (or all) solids are not elastically deformable. Students may have previously encountered a partial definition of a solid that is characterized as a state of matter that holds its
shape (as opposed to a liquid that takes the shape of the bottom part of its container). In lesson 4, students will collect evidence that stationary objects push back when they
undergo elastic deformation.

¢ Some students may have heard that for any action there is an equal and opposite reaction, but they may not see that this describes what is happening at any point of
contact and in any collision between two objects. They may confuse this idea with situations where the net force on an object is zero and the motion of the object isn't
changing. This is an instance of Newton's first law, whereas the former is Newton's third law.
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¢ Some students may have a good understanding that larger net forces are associated with larger changes in motion and that larger masses are harder to speed up or slow
down than smaller masses, but students may have difficulty thinking about three variables (force, mass, and change in motion) at once.

How will | need to modify the unit if taught out of sequence?

This is the first unit in 8th grade in the OpenSciEd Scope and Sequence. Given this placement, several modifications would need to be made if teaching this unit earlier or later in the
middle school curriculum. These include the following adjustments:
e If taught before the Cup Design Unit, supplemental teaching of the following would be required:
¢ Energy transfer as the result of two colliding objects at the particle level.
¢ Understanding of the role of independent and dependent variables, along with controlled variables, in an investigation.
¢ What criteria and constraints are, and how they can be used to inform design decisions.
¢ If taught before the Tsunami Unit, supplemental teaching of the following would be required:
¢ What a stakeholder is, and the role of stakeholders in the iterative design process

How do | shorten or condense the unit if needed? How can | extend the unit if needed?

The following are example options to shorten or condense parts of the unit without completely eliminating important sensemaking for students:
¢ Since in some ways, lesson sets 1and 2 are anchored in explaining why sometimes get damaged when they hit each other and other don't and lesson 3 is a re-anchor that
focuses on designing protective devices for objects that we want to protect from getting damaged in a collision, one natural end point for the unit would be at the end of
lesson 10, which is the end of lesson set 2.

To extend or enhance the unit, consider the following:

¢ Lesson 3: Consider letting students investigate the deformation of a table and other rigid materials in small groups using the laser setup. If this option is utilized, consider all
proper safety precautions when using glass with students, such as safety goggles, gloves for potential sharp edges, and proper distribution and cleanup procedures that
minimize encounters with any potential broken glass or other materials. See the materials preparation section of this lesson for more guidance.

¢ Lesson 3: Add in additional slow-motion videos in areas of student interest, such as a football making contact with the ground for classrooms that have several students
engaged in football.

¢ Lesson 4: Expand the investigation to allow multiple groups to test multiple conditions. This would involve an increased number of materials and increased class time.

¢ Lesson 5: Allow students to spend more time at each investigation station. Ask students to test out each station with increased mass, increased speed, and with a variety of
moving and non-moving carts.

¢ Lesson 6: Ask students to also revisit the related phenomena. Ask students to pick a related phenomena and explain the outcomes of the related phenomena (damage, no
damage) using our science ideas. At this point, students should be able to construct a partial explanation for their related phenomena.

¢ Lesson 10: Ask students to once again revisit their related phenomena and attempt to explain the outcomes of the collisions. At this point, students should be able to
explain the forces on each object and the energy transfer that occurs in the collision.

¢ Lesson 12: Consider allowing students to test a complete CD case in addition to a section of CD case plastic. Allow students to explain why a CD case that has space for air
between the cover and backing reduces peak force more than a section of plastic.

¢ Lesson 16: Conduct the optional 16 iterative design process.

¢ Lesson 16, option 2: Expand the iterative design process by involving those from the community to share their own personal protective design issues and allow students to
develop a real-world solution to a problem within the community. Consider holding a design fair where the community can explore student’s designs and offer feedback.

What mathematics is required to fully access the unit’s learning experiences?

In general, this unit is taught using a conceptual approach to describing the relationship among force, mass, and change in motion during collisions, students need only have
experience with qualitatively reasoning about positive and negative associations (e.g., as force increases, change in motion increases; but as mass increases, change in motion from a
given force decreases). But because the focus of MS-PS3-1 is on quantitative understanding of the relationship of the kinetic energy of an object to the mass of an object and to the
speed of an object, students will need to leverage the following experiences from grade 7 Common Core Math Standards math to use in this unit in Lessons 7 and 10:
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In lesson 7, students will be working with unit rates and ratios. By the beginning of 8th grade, students should be well versed in how to do this calculation. It will be leveraged in
Lessons 7 and 10 of this unit when students recognize that the relationship between mass and kinetic energy is directly proportional. Such a relationship is one they have
encountered in graphs many times in Common Core mathematics since 6th grade. Recognizing the relationship between speed and kinetic energy as nonlinear will also be
straightforward. But describing the change in kinetic energy as being related to the square of the speed of an object will be challenging. Students will have encountered working with
squared relationships in 6th grade in finding the surface area of a cube with sides of length s, and in 8th grade they will be working with squaring the side lengths of a right triangle in
their work with the Pythagorean theorem. Coordinate with your math teachers to determine where you students will be at in their familiarity with thinking about relationships like
these.
¢ Inlesson 7 students calculate and use a type of ratio called a scale factor. They will use this idea again in the lesson 10 assessment and potentially again in lesson 16 as they
develop a scale model of their designs. Students will have encountered this concept before in math class in one or both of these contexts:
¢ 7.G.A.1 Solve problems involving scale drawings of geometric figures, including computing actual lengths and areas from a scale drawing and reproducing a scale
drawing at a different scale.
¢ 7.RP.A.2 Recognize and represent proportional relationships between quantities.

¢ There are multiple connections between the work students will be doing in Lesson 7 and the work they will be doing in math class this year (grade 8). These include the
following:
¢ 8.F.B.5 Describe qualitatively the functional relationship between two quantities by analyzing a graph (e.g., where the function is increasing or decreasing, linear or
nonlinear).
e 8.EE.A.1 Know and apply the properties of integer exponents to generate equivalent numerical expressions.

In lesson 4, students are introduced to lines of best fit in Lesson 4 . They see an example of such a line again in the Lesson 10 assessment. Students do not have to have encountered
this idea in previous mathematics instruction. Lesson 4 assumes that this may be the first time students encountered this idea.

What additional strategies are available to support equitable science learning in this unit?

OpenSciEd units are designed to promote equitable access to high-quality science learning experiences for all students. Each unit includes strategies which are integrated throughout
the OpenSciEd routines and are intended to increase relevance and provide access to science learning for all students. OpenSciEd units support these equity goals through several
specific strategies such as (1) integrating Universal Design for Learning (UDL) Principles during the unit design process to reduce potential barriers and provide more-accessible ways
in which students can engage in learning experiences; (2) developing and supporting classroom norms that provide a safe learning culture; (3) supporting classroom discourse to
promote students in developing, sharing, and revising their ideas; and (4) specific strategies to supporting emerging multilingual students in science classrooms.

Many of these strategies are discussed in the Teacher Guides in sidebar callout boxes titled “Attending to Equity” and subheadings such as “Supporting Emerging Multilingual Learners”
or “Supporting Universal Design for Learning”” Other callout boxes with strategies are found as “Additional Guidance’, “Alternate Activity,’ and “Key Ideas” and various discussion
callouts. Finally, each unit includes the development of a Word Wall as part of students’ routines to “earning” or “encountering” scientific language.

For more information about each of these different strategies with example artifacts, please see the OpenSciEd Teacher Handbook.
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What are recommended adult-level learning resources for the science concepts in this unit?

The OpenSciEd instructional model focuses on the teacher being a member of the classroom community, supporting students to figure out scientific ideas motivated by their
questions about phenomena. Students iteratively build their understanding of phenomena as the unit unfolds. To match the incremental build of a full scientific explanation across
the unit, the science content background necessary for you to teach individual lessons incrementally builds too. Throughout the unit, we provide just-in-time science content
background for you that is specific to the Disciplinary Core Ideas (DCls) that will be figured out in a lesson. Places to look for this guidance include the “Where we are going” and
“Where we are not going” sections for each lesson. Additionally, the expected student responses, keys, and rubrics have illustrated important science ideas that should be developed
in each lesson. In addition to this information, the K-12 Science Framework is a great resource to learn more about the DCls in this unit (PS2.A; PS3.A; PS3.C; PS3.C; ETS1.B; ETS1.C),
including what students have learned previously and where they are headed in high school. In addition to the science content background information embedded in the lesson
resources, below we provide recommended resources that can help build your understanding of phenomena and Performance Expectations bundle for this unit:
¢ To learn more about forces:
¢ Newton's Laws: Crash Course Physics #5- https://www.youtube.com/watch?v=kKKM8Y-u7ds&list=PL8dPuual j)XtNOge7yDk_UAOldZ|dhwkoV&index=6
e Friction: Crash Course Physics #6- https://www.youtube.com/watch?v=fo_pmp5rtzo&list=PL8dPuualjXtNOge7yDk_UAOldZ|dhwkoV&index=7
¢ Collisions: Crash Course Physics #10- https://www.youtube.com/watch?v=Y-QOfc2XqOk&list=PL8dPuualjXtNOge7yDk_UAOldZ]dhwkoV&index=11
¢ To learn more about position and kinematic equations:
¢ Motion in a Straight Line: Crash Course Physics #1- https://www.youtube.com/watch?v=ZM8ECpBuQYE&list=PL8dPuualjXtNOge7yDk_UAOldZ|dhwkoV&index=2
¢ To learn more about vectors:
¢ Vectors and 2D Motion: Crash Course Physics #4- https://www.youtube.com/watch?v=w3BhzY6zXU&list=PL8dPuualjXtNOge7yDk_UAOldZ]dhwkoV&index=5
¢ To learn more about energy transfers between systems at the middle school level:
¢ Modeling energy transfers between systems to support energy knowledge in use- https://www.tandfonline.com/doi/full/10.1080/03057267.2018.1598048
e Conservation of Energy and Energy Transfer- https://thewonderofscience.com/videos/2017/12/10/ps3b-conservation-of-energy-and-energy-transfer
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https://www.youtube.com/watch?v%3Dw3BhzYI6zXU%26list%3DPL8dPuuaLjXtN0ge7yDk_UA0ldZJdhwkoV%26index%3D5
https://www.tandfonline.com/doi/full/10.1080/03057267.2018.1598048
https://thewonderofscience.com/videos/2017/12/10/ps3b-conservation-of-energy-and-energy-transfer

Guidance for Developing Your Word Wall

This unit refers to two categories of academic language (i.e., vocabulary). Most often in this unit, students will have experiences with and discussions about science ideas before they
know the specific vocabulary word that names that idea. After students have developed a deep understanding of a science idea through these experiences, and sometimes because
they are looking for a more efficient way to express that idea, they have “earned” that word and can add the specific term to the class Word Wall. These “words we earn” should be
recorded on the Word Wall using the students’ own definition whenever possible. On the other hand, “words we encounter” are “given” to students in the course of a reading, video, or
other activity, often with a definition clearly stated in the text. Sometimes, words we encounter are helpful just in that lesson and need not be recorded on the Word Wall. However, if
a word we encounter will be frequently referred to throughout the unit, it should be added to the Word Wall. As such, the Word Wall becomes an ongoing collection of words we will
continue to use, including all the words we earn in the unit and possibly a few key words we encounter.

It is best for students if you create cards for the Word Wall in the moment, using definitions and pictorial representations that the class develops together as they discuss their
experiences in the lesson. When they co-create the posted meaning of the word, students “own” the word—it honors their use of language and connects their specific experiences to
the vocabulary of science beyond their classroom. It is especially important for emergent multilingual students to have a reference for this important vocabulary, which includes an
accessible definition and visual support.

Sometimes creating Word Wall cards in the moment is a challenge. The teacher guide provides a suggested definition for each term to support you in helping your class develop a
student-friendly definition that is also scientifically accurate. If you keep one Word Wall in your classroom for several sections of students, you might choose to record each class's
definition separately, and then propose an “official” definition to post the next day that captures the collected meaning.

The words we earn and words we encounter in this unit are listed in this document and in each lesson to help prepare and to avoid introducing a word before students have earned it.
They are not intended as a vocabulary list for students to study before a lesson, as that would undermine the authentic and lasting connection students can make with these words
when they are allowed to experience them first as ideas they're trying to figure out.

Words we earn Words we encounter Words from previous unit

1 collision

2 force, kinetic energy, damage

3 contact force, deform

4 line of best fit, elastic limit, breaking point Independent variable, dependent variable
5 peak force, free body diagram

6 concussion, axon

7

8 stored (potential) energy air resistance, friction

9 air resistance, friction
10

n criteria, constraints, stakeholders

12

13

14 trade-off

15
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HOME COMMUNICATION

Dear Guardian,

Your child’s 8th grade science class is starting a unit called, Why do things sometimes get damaged when they hit each other? as
part of the OpenSciEd middle school science curriculum. This unit develops science ideas around forces, motion, and \ \ ‘ §i1
energy, like when objects collide. Students will apply these science ideas in an engineering task to design a way to protect an l’ g

object of their choice. But first, students start with an all too familiar experience, a phone falling to the ground.

It's hard to describe that feeling after a phone falls and before it’'s picked up to be inspected. But relief is common when we
realize nothing is broken. On average, Americans continue to break 2 smartphone screens every second. Students start the
unit wondering about and describing moments when objects become damaged or not damaged after a collision. Students
then draw models and conduct investigations to think about how structures interact as part of a broader system. Those
models help students to think about energy and its role in collisions.

Students apply these science ideas in a design challenge to protect an object of their choice. Students will test out their
designs to collect and to analyze their own data. Together, they then refine their ideas. For example, students will critique
each other's design solutions, identify trade-offs, and evaluate competing designs to prevent damage from collisions. !

Helplng your child make sense of their learning:
Encourage your child to expand and clarify their own thinking by asking for examples, saying more about their ideas, and repeating what they said back to them.
¢ Ask how they might have arrived at a particular conclusion.
e Ask your child to recall what other students have said in class, and what about their ideas did they agree or disagree with.
¢ Rephrase or paraphrase what your child says as a way to clarify their ideas.
e If your child has completed the Cup Design Unit in 7th grade, ask them what they recall, how energy can transfer and what is similar and different from their learning so far.

Having conversations about science:
¢ Encourage your child’s curiosity through talking about their own noticings and wonderings when running errands or on a walk.
¢ Provide your child space and time to think aloud with a drawing, objects, or their voice about different (maybe conflicting) ideas for processing. Sometimes processing ideas
won't lead to a clear “answer” or solution yet.
e Ask your child to reflect on prior OpenScikd units (e.g. One Way Mirror unit, Cup Design unit, etc.) to see connections about different science ideas and what's around them.
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Estimado guardian:

La clase de ciencias de 8° grado de su hijo esta iniciando una unidad llamada ;Por qué a veces las cosas se dafian cuando se
golpean entre si? como parte del plan de estudios de ciencias de la escuela intermedia de OpenSciEd. Esta unidad desarrolla
ideas cientificas sobre fuerzas, movimiento y energia, como cuando los objetos chocan. Los estudiantes aplicaran estas
ideas cientificas en una tarea de ingenieria para disefiar una forma de proteger un objeto de su eleccion. Pero primero, los
estudiantes comienzan con una experiencia demasiado familiar, un teléfono que cae al suelo.

Es dificil describir esa sensacion después de que se cae un teléfono y antes de que lo levanten para inspeccionarlo. Pero el
alivio es comin cuando nos damos cuenta de que nada esta roto. En promedio, los estadounidenses contindan rompiendo
2 pantallas de teléfonos inteligentes cada segundo. Los estudiantes comienzan la unidad preguntandose y describiendo
momentos en los que los objetos se dafian o no se dafian después de una colision. Luego, los estudiantes dibujan modelos
y realizan investigaciones para pensar en como interactan las estructuras como parte de un sistema mas amplio. Esos
modelos ayudan a los estudiantes a pensar sobre la energia y su papel en las colisiones.

Los estudiantes aplican estas ideas cientificas en un desafio de disefio para proteger un objeto de su eleccion. Los
estudiantes probaran sus disefios para recopilar y analizar sus propios datos. Juntos, luego refinan sus ideas. Por ejemplo, los

estudiantes criticaran las soluciones de disefio de los demas, identificaran las compensaciones y evaluaran los disefios de la competencia para evitar dafios por colisiones.

Ayudar a su hijo a dar sentido a su aprendizaje:

Anime a su h||o a ampliar y aclarar su propio pensamiento pidiéndole ejemplos, diciendo mas sobre sus ideas y repitiendo lo que les dijo.

Pregunte como podrian haber llegado a una conclusion particular.

Reformule o parafrasee lo que dice su hijo como una forma de aclarar sus ideas.

aprendido hasta ahora.

Tener conversaciones sobre ciencia:

e Fomente la curiosidad de su hijo al hablar sobre sus propias observaciones y preguntas cuando hace mandados o camina.
¢ Proporcione a su hijo espacio y tiempo para pensar en voz alta con un dibujo, objetos o su voz sobre ideas diferentes (quizas contradictorias) para procesar. A veces, el

procesamiento de ideas atin no conduce a una "respuesta” o solucion clara.

¢ Pidale a su hijo que reflexione sobre unidades anteriores de OpenSciEd (p. ej., Unidad de Espejo unidireccional, Unidad de Disefio de vasos, etc.) para ver conexiones entre

diferentes ideas cientificas y lo que las rodea.

openscied.org Unit 8.1+ 10/1/25

)
\

Pidale a su hijo que recuerde lo que otros estudiantes han dicho en clase y con qué ideas estuvieron de acuerdo o en desacuerdo.

Si su hijo completé la Unidad de disefio de vasos en 7° grado, preglntele qué recuerda, como se puede transferir la energia y qué es similar y diferente de lo que ha

\
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LESSON 1: What happens when two things hit each other?

PREVIOUS LESSON There is no previous lesson.

THIS LESSON We share our experiences with cell phones breaking and demonstrate some ways they have broken. We
brainstorm related phenomena (other objects that were damaged in a collision and examples where there was
no damage). We identify factors and variables that can cause some fragile objects to become damaged more
than others. We develop a model to describe visible changes happening to the objects in a collision and
nonvisible interactions occurring as well. We develop questions for our Driving Question Board (DQB) and

possible investigations we could do to answer these questions.

ANCHORING PHENOMENON

3 days

A

NEXT LESSON  We will explore colliding objects and record observations about changes in their motion and shape. We will analyze slow-motion videos of some of these
collisions. We will develop a model to represent what we know about energy transfer and forces occurring in collisions when we see changes in motion of objects,
shape of objects, or damage to objects.

BUILDING TOWARD NGSS | WHAT STUDENTS WILL DO

MS-PS2-1, MS-PS2-2, MS-PS3-1, | 1.A Develop a model to describe interactions between two objects as they collide and show the changes that occur in the structure of both objects
MS-ETS1-2, MS-ETS1-3, MS-LS1-8 | when one object is damaged as a result and also when neither object is damaged as a result.

1.B Ask questions that arise from observations of collisions between two objects in order to seek additional information about factors (causes) that
might affect the outcome of such collisions.

WHAT STUDENTS WILL FIGURE OUT

In a collision between two objects, the objects make contact with each other; sometimes something is damaged, but not always.
e Different factors or variables may cause objects to be damaged or not from a collision.
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Lesson1- Learning Plan Snapshot

e H .

1 15 min SET THE STAGE FOR A NEW PHENOMENON 3 blank pieces of chart paper, small stack of blank 8.5" x 11" paper,
Share cell phone damage data from a news article to elicit student experiences. 2 different color markers, 4 CD cases, 5 sets of goggles, Different
Have some students reenact some phone breaking scenarios. Collisions poster
2 5 min BRAINSTORMING RELATED PHENOMENA D 2-3 red cards per student, 2-3 green cards per student, Different
Classify related phenomena based upon types of collisions and damage or no Collisions poster, Related Phenomena poster
damage.
3 7 min SHARE AND COMPARE RELATED PHENOMENA E-F  related phenomena index cards, Related Phenomena poster, 3
Share related phenomena index cards and compare the interactions with other areas of the room labeled “A” “B” and “C”
students.
4 6 min SET UP NOTEBOOKS AND STOP AND JOT COLLISION FACTORS G Different Collisions poster, Related Phenomena poster, tape
Identify and record variables and factors that affect damage in a collision.
5 12 min EQ/ CREATE INITIAL MODELS H-1 Initial Model: Objects During Collisions, Object Interactions During A
— Draw a model to explain the interactions occurring between the objects during a Collision
collision and the factors and variables that might contribute to a different
outcome (damage or no damage) in a collision.
End of day 1
6 5 min ESTABLISH SCIENTISTS CIRCLE AND SHARE INITIAL MODELS J Initial Model: Objects During Collisions, Object Interactions During A
Share initial model ideas with a partner. Collision, tape
7 10 min ESTABLISH SHARED NORMS K Science Classroom Norms, scissors, tape
Develop shared norms for the learning community before the first Consensus
Discussion and model.
8 25 min EQ/ DEVELOP INITIAL CONSENSUS MODEL DISCUSSION AND RELATED L-M  Initial Model: Objects During Collisions, Object Interactions During A
— QUESTIONS Collision, markers, Consensus Model for Collisions poster
Develop a whole-group record of what we agree on and where we have
competing ideas across the initial models. Record some initial questions for the
Driving Question Board.
9 5 min DETERMINE FACTORS AND VARIABLES THAT AFFECT DAMAGE N Factors and Variables poster, markers
Make a public record of our ideas about what factors and variables contribute to
damage in a collision.
End of day 2
10 3min NAVIGATION o Science Classroom Norms

openscied.org

Ask students to review the norms again and select a norm to focus on for class
today.
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7 min REVISIT FACTORS AND VARIABLES POSTER 1-2 index cards, marker, Factors and Variables poster
12 28 min @ DRIVING QUESTION BOARD AND IDEAS FOR INVESTIGATIONS R-S  Initial Model: Objects During Collisions, Object Interactions During A
— Gather in a Scientists Circle to construct a Driving Question Board and develop Collision, Driving Question Board, Consensus Model for Collisions

ideas for potential investigations. poster, index cards, tape, chart paper, markers

13 2 min NAVIGATE TO NEXT LESSON T
We end the lesson anticipating where we are headed next to investigate this
phenomenon.

14 3 min REVISITING NORMS U Science Classroom Norms

Prompt students to revisit how they did on the norms in class today.

15  2min ADD TO THE TABLE OF CONTENTS chart paper, markers
Provide an example of how to fill out the table of contents in their notebooks to
reference each piece of work they developed so far.

End of day 3
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Lesson 1 - Materials List

I S I ™ S

Lesson materials

science notebook

2-3 red cards per student

2-3 green cards per student

related phenomena index cards
Initial Model: Objects During Collisions
Object Interactions During A Collision
Science Classroom Norms

scissors

tape

1-2 index cards

marker

Materials preparation (25 minutes)

Review teacher guide, slides, and teacher references or keys (if applicable).

Make copies of handouts and ensure sufficient copies of student references, readings, and procedures are available.

Create a Different Collisions poster using one piece of chart paper.

Create a Related Phenomena poster using two pieces of chart paper.

Include the title “Related Phenomena” at the top.
Create 3 rows: A, B,and C.

Write “red = damage” and “green = no damage” in the upper-left corner.

Up to 3 pieces of chart paper can be used for larger classes.

3 blank pieces of chart paper

small stack of blank 8.5” x 11" paper

2 different color markers

4 CD cases

5 sets of goggles

Different Collisions poster

Related Phenomena poster

3 areas of the room labeled “A” “B” and “C”
tape

markers

Consensus Model for Collisions poster
Factors and Variables poster

Driving Question Board

index cards

chart paper

Label 3 different areas of the room “A", “B”, and “C” that allow plenty of space for students to congregate in those areas.

Create a Consensus Model for Collisions poster.

Include the title “Collisions” at the top.

Draw a table with 4 columns x 2 rows (plus room for column heads).

Column #1 head: "Result”

List "Damage” and "No damage” in the 2 boxes below the "Result” head.

Column #2 head: “Time point #1 at the moment of contact”

Column #3 head: "Changes we can see” (in one color) and "Interactions we cannot see” (in a different color).

Column #4 head: “Time point #2 a split second later”

Create a Factors and Variables poster with the title “What factors and variables could influence whether a collision causes damage?”. Create the following posters prior to this lesson:

Download the Communicating in Scientific Ways chart from the website and post it in your classroom or add it to students’ notebooks. The file can be used as a poster or as a handout.

Determine where to set up the Driving Question Board so that students can gather around it.

openscied.org
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Prepare red and green cards for students to use. This can be made from index cards, construction paper, or sticky notes.
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Lesson 1+ Where We Are Going and NOT Going
Where We Are Going

This lesson is meant to draw out students’ prior experiences with collisions and to help them consider what might determine whether something breaks in a collision. This is an opportunity to
pre-assess students engagement in all three dimensions of NGSS to explain a phenomenon. There are prompts in the initial modeling task that ask students to engage in two elements of the
modeling practice related to representing descriptive aspects of the phenomena as well as unobservable mechanisms. Students are prompted to explain the mechanisms that caused the
observable changes, which will provide an opportunity to bring related DCls from prior grades: grade 4 (energy transfer in collisions), grade 2 (objects pull or push each other when they collide),
and the middle school grade band explanation (such as equal force pairs between the two objects in contact). There are phrases in the prompts that ask students to consider related elements
of CCCs as well, particularly cause and effect, systems and system models, and stability and change.

You may also see some students developing particle-level representations for changes happening to the matter in the system in their initial models, based on their extensive work in
developing such models in prior OpenSciEd units: OpenSciEd Unit 6.2: How can containers keep stuff from warming up or cooling down? (Cup Design Unit), OpenSciEd Unit 6.3: Why does a lot of hail,
rain, or snow fall at some times and not others? (Storms Unit), OpenSciEd Unit 7.1: How can we make something new that was not there before? (Bath Bombs Unit), OpenSciEd Unit 7.2: How can we use
chemical reactions to design a solution to a problem? (Homemade Heater Unit), OpenSciEd Unit 7.3: How do things inside our bodies work together to make us feel the way we do? (Inside Our Bodies
Unit), and OpenSciEd Unit 7.4: Where does food come from, and where does it go next? (Maple Syrup Unit).

Students may be curious about which materials are fragile and why or how to protect things that break easily. Students may also be curious about how the motion or mass or size of the objects
before the collision affects the outcome. This curiosity will seed future investigations.

Students are likely to identify many of the factors or variables that influence whether an object does or does not get damaged in a collision, such as mass, speed, area of contact, and material
type or thickness. The factors and variables identified will motivate many of the subsequent lesson questions and investigations in the first half of the unit.

Where We Are NOT Going

If students do not talk about physics concepts like force, energy, or motion in this first lesson, do not introduce them yet. These words will be explicitly introduced in the next lesson. While this
lesson ask students to consider what is happening during contact in a collision, students are not expected to utilize the ideas of positional energy, differences in materials, or elastic limits in
their initial models. These ideas will be developed in future lessons. Students may have a partial understanding of energy transfer from Cup Design Unit, Tsunami Unit, Storms Unit, Bath Bombs
Unit, and Homemade Heater Unit. While students may represent in their models that this energy transfer is occurring, later lessons will help students understand the relationships among mass,
speed, and damage due to the transfer of energy across a medium.
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LEARNING PLAN for LESSON 1

1. SET THE STAGE FOR A NEW PHENOMENON 15 min
MATERIALS: 3 blank pieces of chart paper, small stack of blank 8.5” x 11" paper, 2 different color markers, 4 CD cases, 5 sets of goggles, Different Collisions poster
Introduce cell phone damage information. Display slide A. Say, | came across some interesting data about cell phone damages. Listen to the % ATTENDING TO EQUITY
things | learned! Read each statistic aloud.
e Americans break 2 smartphone screens every second. Emergent Multilingual Learners: For
e More than 50 million phone screens are cracked each year. students who are learning English or who
¢ An estimated 95 million phones were damaged in the world by dropping them. need support following a whole-group
o We spend $3.4 BILLION each year in replacing cracked screens--not counting the 38% of smartphone owners who don't replace them at discussion, it can be helpful to use gestures
all. in addition to talking. For example, as you
e 27% of people said that their phone was in a case when they broke it. describe a phone hitting a wall, demonstrate
the collision by holding a phone (or another
Say, This seems like a lot of cell phone damage happening in our world. That got me wondering how common this sort of phenomenon is in our object to represent a phone) in your hand
classroom community. Have any of you ever experienced cell phone damage before? and moving it slowly toward the wall.
Instruct students to raise their hands if they have experienced a situation where they have seen a phone get damaged. sk ATTENDING TO EQUITY

Elicit student experiences. Display slide B. Ask students to turn and talk with a partner about the slide question: “Have you or someone you Emergent Multilingual Learners: A Word
know ever broken a phone? What caused it to break? Describe your experiences. Wall will become a useful space for recording

a shared meaning of new words as students
develop a deeper meaning for them. When
developing new vocabulary, some strategies
that may benefit emergent language
learners are to use student-friendly
definitions, make connections to cognate
words when possible, and include a visual
Say, Wow, we seem to have a lot of experience with damaging cell phones! It sounds like some of you have been the ones to create the damage, and  representation of the word. You have now
some of you have seen them damaged before. developed a visual representation of the
word collision that you can refer to over the
course of this unit. After students have had

ADDITIONAL As students are detailing their experiences, listen for instances where a stationary phone has been hit by a

GUIDANCE moving object, a moving phone has hit a stationary object (dropped on floor, thrown, and so forth), or a phone
that is moving has been hit with another moving object. These instances can be leveraged in the next step for
recruiting student volunteers to reenact their experiences.

ADDITIONAL The word damage will be defined later in Lesson 2. At this point, students are identifying collisions that did or time to develop a conceptual model or
GUIDANCE did not cause damage, and factors or variables that may contribute to damage. While it is important to develop understanding for these words, they will no
a common working understanding of this word in later lessons, students' prior knowledge and conceptions of longer need the visual represeryltation.

what this word means will suffice for the work in Lesson 1. Students will have an opportunity to develop a
deeper understanding of this word in Lesson 2.

Introduce a CD case to represent a phone in collisions. Display slide C. Say, | would love to hear about your experiences with phones breaking,
but sometimes it's easier for us to understand a situation where something occurred when we can see a representation of how it happened rather
than just hearing about it. Phones are expensive, so | have a CD case here that we are going to use as a substitute for a phone. | thought we could use
this as a manipulative to represent what happened to the phone when it got damaged.

Demonstrate phone breaking experiences. Select one volunteer at a time to come up in front of the class and demonstrate what happened
with the cell phone when it broke. Let students know it's OK if what they show us ends up causing the CD case to break too, as we want to try
to understand the interactions that happened and the results as accurately as possible. Remind them to be responsible and avoid moving the
CD case or any other object in a direction that might remotely come in contact with another living thing or fragile object.

openscied.org Unit 8.1« Lesson 1+ 10/1/25 Page 33



SAFETY Review any safety guidelines and have students wear goggles who are demonstrating the collision and standing

PRECAUTIONS or sitting near the demonstration during this and all future investigations in this unit. Setting up strong
boundaries and expectations with the demonstrations is key. Students will show a variety of collisions with cell
phones during this stage. Some possible scenarios to expect are dropping the CD case on different objects,
slamming objects onto the CD case, ramming objects into the CD case (e.g., foot, backpack, chair), and flinging
the CD case at a wall. Ask demonstration volunteers if the interaction they are about to enact is safe to show
with others around and if it can be safely done in the classroom may help ensure safety as students are
demonstrating their experiences.

Use the prompts below to elicit experiences from student volunteers so that you get at least

one example that would represent each of the three collision types: A, B, and C. : ‘\ C ! {s .
D &Q@f@n OlhiSiog
\ivle bocs et
As each student shares their experience, create a diagram on a blank piece of paper using A Hhat wos dﬂ‘?“‘hed
squares to represent the two objects that collided. After creating each diagram, attach it on the A = ’)\’ Iz j(aﬂyﬁ;%'ﬁ“
Different Collisions poster. Draw large enough for students to see. The diagrams will become L Z 2
part of an anchor chart for students to refer to later. The three diagrams (A, B, C; that you will SR whd
finish drawing in the subsequent conversation) should be similar to ones shown here. As you
are drawing, remember to represent the phone as a white box and the other object as a shaded
box instead of the actual objects being described by students. This will help students later to *
transfer and categorize the general diagrammatic representations into related phenomena
experiences.
c
C = EZ-
i =
Vet i Db
KEY IDEAS The purpose of this discussion is for students to determine that there are 3 main types of collisions, and those

types may or may not result in damage. As students share their experiences with phones, listen for these three
types of collisions to emerge:

A. A fragile object moved toward and hit another object that was motionless.

B. A fragile object was motionless and was hit by another object that was moving.

C. A fragile object was moving and was hit by another object that was moving.
The prompts and example responses below are meant to elicit the three different types of collisions.

What to listen for: Listen for students to give examples of each collision type. Each prompt section below is
meant to clarify what was moving and what was not moving. The suggested prompts can be used to ensure
that all 3 collision types are present, but if other prompts are used, make sure they elicit experiences, clarify
what was moving and what was motionless, represent all 3 types of collisions, and provide for teacher diagram-
drawing opportunities.

These collision types will be referenced and leveraged in later lessons to help explain why some objects
become damaged, and others are surprisingly not damaged.

Students will get a chance to revisit these ideas and show progress towards figuring this out during the Lesson
6, Lesson 9, and Lesson 13 assessments.
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Suggested prompts

Sample student responses

Follow-up questions

Most of the interesting figures from the article
were about phones getting damaged by
dropping them or accidentally throwing
them. Does anyone have any examples they
can show us where the phone was moving
and it ended up hitting something that was
not moving?

Are there any examples where things were
moving and then damaged the phone? Is the
phone always the thing that is moving when
it gets damaged, or can it be motionless and
get hit by something else moving?

openscied.org

| dropped my phone down a flight of
stairs.

The phone was moving.

Nothing else was moving. It just hit the
stairs.

Something else can be moving and hit it
to make it break, like when | accidentally
dropped my book bag on top of my
phone.

The bag was moving.

The phone was not moving.

Oh wow! That is not good. I'l try to draw
what happened as you show us how it
happened. What was moving?

So the stairs were motionless?

So it sounds like we have a fragile object
moving toward and hitting something
motionless. Cool. Let’s label this collision type
A

(Draw representation A for this scenario.)

Wow thats interesting! Show us what
happened. Let me draw this out so we can all
see what happened as you show us. What
was moving?

Was the phone not moving?

So the moving book bag hit the nonmoving,
fragile phone, correct? Awesome. Let’s call
this type B.

(Draw representation B for this scenario.)

Unit 8.1+ Lesson 1+ 10/1/25
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Suggested prompts

Sample student responses

Follow-up questions

Are there any other instances where things
were moving to damage the phone? Does
every phone-breaking story have one thing
that wasn't moving, or can both things move
and run into each other to cause damage?

Two things can definitely run into each
other to cause damage!

(Some students will likely raise their hand.)

| saw a video of someone throwing a
phone like a baseball and it getting hit with
a baseball bat. It did not turn out well for
the phone.

Both objects were--the bat and the
phone.

Yes.

(Poll students.) Has anyone ever had this
happen to them or seen this happen? Raise
your hand if this has happened to you or
someone you know.

Does anyone have an example they would
like to share where both the phone and
something else were moving and hit each
other to cause damage?

That sounds like it really got damaged! Show

us what happened. Let me draw this one too.
What was moving?

So everything was moving?

OK. Let’s write type “C” on this piece of paper.

(Draw representation C for this scenario.)

Discuss and alter frames of reference. Revisit the drawings and place the Different Collisions poster in a spot that is easily viewable for
students, if not already in a prominent spot in the classroom. First, remove the piece of paper with collision type A that shows the diagram
that has a moving, fragile object colliding with a motionless object (collisions type A). Use the prompts below to help students consider

changes to the frame of reference.

Suggested prompt

Sample student response

Look at this diagram we drew of the collision type that went with our
phone facts we read. It shows the moving phone coming in from
(specify direction) before hitting an object that is not moving. Would
this still show the same type of interaction if | rotated the picture to the
left?

(Rotate the diagram clockwise.)
Do we still have the same thing moving and the same thing motionless

before they hit?

What if I rotate it to the left one more time?

openscied.org

Yes, because the phone is still running into something that is not
moving.

Yeah, it still has the phone as the only thing moving before it hits
the other thing. The same objects are still moving and not
moving.

You still have one object moving into another object. It's the same.
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Suggested prompt | Sample student response

Yeah, the same object is moving, it's just coming from a different

So even if we change the direction, we still have the same object
direction.

moving and the same object motionless?

Return collision type A back to the Different Collisions poster. If needed, remove the collision types B and C from the Different Collisions
poster and repeat this line of questioning with collision types B and C.

ADDITIONAL If students bring up the idea of gravity, acknowledge the idea by saying:

GUIDANCE So it sounds like you are thinking about forces in the system too. That is a really useful way to consider what is
happening in any system where we are tracking motion of objects in the system. Right now our diagrams are only
showing which objects are in motion before the collision to see if we can classify all our collisions in terms of which
objects were in motion at first. We may need to consider how to add forces if we think that is helping explain
something about the collision too.

In later lessons, gravity will be used to provide a force to move carts on a ramp for data collection purposes.
While gravity is not being addressed or explained in this unit, the force of gravity will be recognised and utilized.

Categorize remaining interactions. Ask students if they have any other stories that would be represented differently than our drawings. If a
student says yes, have them demonstrate the interaction while you map it out on a blank piece of paper. Compare the interaction to the
other collision types on the chart, turning it to see if the interaction matches any existing collision type scenarios. Help students draw the
conclusion that the scenario is already on the collision types board by simply changing the frame of reference.

KEY IDEAS Part of the DCI for PS2.A states that, All positions of objects and the directions of forces and motions must be
described in an arbitrarily chosen reference frame ... In order to share information with other people, these choices
must also be shared. The idea of an arbitrarily chosen reference frame was introduced here when you physically
rotated the diagrams and asked students whether the diagram still represents the same system. You are further
reinforcing this idea by asking whether all the other collisions can be categorized using one of three system
diagrams (A, B, and C).

Introduce the word collision to students.%

Suggested prompt Sample student response
Weve talked about our experiences and made some observations Smash.

about what happens when a phone gets damaged. I've noticed weve Bump.

all been using different words to describe that moment when the Crash.

objects hit or run into each other. Can someone share another word

that they have been using to describe this?

Use the CD case, if necessary, to enact the moment when the “phone” touches another object for any of the three collision scenario types.%

Say, There are a lot of words we can use to describe this phenomenon. When scientists describe this sort of phenomenon, where a moving object hits
or runs into another object, they refer to it as a collision.

Display the poster that says “Different collisions”
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Motivate related phenomena. Say, These categories of collisions could be useful for thinking about other related phenomena where something
other than a phone was involved in a collision. But not all collisions result in damage. Think of examples where something other than a phone was
damaged in the collision. | also want you to think of examples where you were surprised that something other than a phone was not damaged in a
collision.

2 - BRAINSTORMING RELATED PHENOMENA

5 min

MATERIALS: science notebook, 2-3 red cards per student, 2-3 green cards per student, Different Collisions poster, Related Phenomena poster

Document related phenomena on index cards. Project slide D. Read through the directions on the slide. Pass out 2-3 red and green index
cards to each student. If red and green cards are not being used, update slide D and slide E to reflect the colors of the index cards or sticky
note being used.

Prompt students to record at least one collision where something
has been damaged on red cards and at least one collision where D
something was surprisingly not damaged on green cards. For each
thing listed, students should identify the objects that came into
contact with each other during the collision and underline the
object or objects that were moving before the collision occurred.
Only one collision example should be written on each card.

redsdansgt Polated  Phenomena
%m-m DW‘XL

o
s 0
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their related phenomena cards. Encourage students to use as

Provide students approximately 5 minutes to generate and record C - Q
many cards as they need as they think of other examples. }

Hang the Different Collisions poster to the left of the Related Phenomena poster. Then, circulate during the remaining time to help any
student who may become stuck while trying to brainstorm examples.

With about a minute left, remind students to go back over their cards and make sure that they have identified the objects that came into
contact with each other during the collision and have underlined which objects were moving before the collision occurred.

3 - SHARE AND COMPARE RELATED PHENOMENA

7 min

MATERIALS: science notebook, related phenomena index cards, Related Phenomena poster, 3 areas of the room labeled “A” “B” and “C”

Revisit the different collision types. Display slide E. Read through slide E and go over each type of collision, emphasizing what objects were
moving or not moving before the collision. A quick reference table is given below.

Collision type Motion of the objects before the collision and the resulting damage

A A moving object was damaged OR wasn't damaged when it collided with a motionless object.

B A motionless object was damaged OR wasn't damaged when a moving object collided with it.

C A moving object was damaged OR wasn't damaged when it collided with another moving object.
openscied.org Unit 8.1+ Lesson 1+ 10/1/25

% ATTENDING TO EQUITY

Universal Design for Learning: It is important
to organize activities in ways that create
opportunities to support student engagement
in meaningful, accountable talk by
emphasizing socially safe activity structures
(e.g., small-group or partner work before a
whole-class discussion). This is especially
beneficial to emergent multilingual students.
For this reason, partner talk or small-group
talk should precede whole-group sharing to
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Say, In class we have identified three different types of collisions. Lets sort our related collisions into these categories and see if we notice any patterns
or factors that may contribute to damage in the collisions. Look at your index cards and write the collision type at the top of each one--A. B. or C.

Have students ask an elbow partner to quickly check their collision types. If there is debate on the collision type, help students sort out the
appropriate type individually.

Share related phenomena. Display slide F. Students will organize themselves based upon related phenomena and share their phenomena
with a partner.% During this time students will be developing the idea of different factors or variables that impact damage.

Say, In a moment, you will get the chance to share your related phenomena with someone else. There are 3 sections of the room labeled A, B, and C.
When | ask you to, you will look at the collision type on one of your cards and go to the area with that collision type. Once you are there, find someone
and share your collision. As you share, be thinking about what is similar and different between the two collisions.

Ask students to look at one of their red, damage cards first. Direct them to move to the area of the room that matches their collision type.
Give students 2 minutes to share and compare and contrast with their partners. After the two minutes are up, ask students to look at one of
their green, no-damage cards. Direct students to move to the area that matches their green card collision type. Give students 2 minutes to
share and compare and contrast with their partners.

Tell students to hand in all of their index cards and return to their seats.

4 - SET UP NOTEBOOKS AND STOP AND JOT COLLISION FACTORS

give students an opportunity to share their
ideas with one or two peers before going
public with the whole class.

6 min

MATERIALS: science notebook, Different Collisions poster, Related Phenomena poster, tape

Prepare science notebooks. Say, It seems like we were finding a lot of similarities, differences, and maybe even some important factors and
variables across our collisions. Lets make sure to record these ideas!

SCIENCE
NOTEBOOK

If this is the first unit of your 8th grade course and you have not yet set up and organized students’ science
notebooks, you need to include additional time to do so now. Have students organize their notebooks using a
format that will be easy for them and you to maintain across the year. Helpful tips for keeping the notebooks
organized include the following:
¢ Number pages so that students can easily refer to their work (e.g., models, data sets) during
collaborative discussions.
¢ Maintain a table of contents and update it throughout the unit. Reserve at least 4 pages (2 sheets
front and back) for the table of contents for a single unit. The table of contents can be at the front of
the notebook for all units within or at the beginning of each new unit within the notebook.
¢ Give each page a recognizable title that can be added to the table of contents after those artifacts are
added to the notebook (students will do this at the end of this lesson).
¢ After the table of contents, reserve the next 20 pages (10 sheets front and back) for their Progress
Tracker for the unit. This is the place where students will individually reflect on their progress and also
add key consensus modeling work completed by the class.

For more information on Science Notebook Management, refer to this section of the OpenSciEd Teacher
Handbook.

Identifying factors in a collision. Project slide G. Ask students to begin a new page in their science notebook to set up the related T-chart.%
Give students 4 minutes to record any patterns they saw in the collisions they discussed.% Have students focus on looking for clues about
possible factors or variables that would cause something to get damaged or not get damaged during a collision and record them on their
charts. Some potential ideas for factors or variables include the following:
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% ATTENDING TO EQUITY

Universal Design for Learning: Keeping a
science notebook allows students a space in
which to reflect and communicate their
developing understandings about science
ideas and to track changes in their
understandings. Students should be
encouraged to record their ideas using
linguistic (e.g., written words) and
nonlinguistic (e.g.taping in photographs,
creating drawings, tables, graphs,
mathematical equations, and
measurements) modes.

% ATTENDING TO EQUITY

Supporting Emergent Multilinguals: This is
especially important for emerging
multilingual students because making
connections between written words and
nonlinguistic representations helps students
generate richer explanations of scientific
phenomena.
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mass of the object

speed of the object

direction of the object

if the object was moving or not
angle at which the object was struck
material the object is made from

ADDITIONAL In previous units, students have had experience identifying variables that can affect a system. The connection
between variables and cause and effect have been woven into multiple units, including Cup Design Unit and
Homemade Heater Unit. There are multiple factors or causes for this phenomenon that influence its outcome,
and this chart helps students identify variables to change in later lessons. If students are struggling with coming
up with variables or factors that might have contributed to damage or no damage in a collision, lessons where
variables have been altered from previous units can be referenced for ideas. One specific lesson to reference
includes changing variables within the cup system to affect the retention of energy from Cup Design Unit. Cause
and effect can also be seen in Tsunami Unit where wave energy resulted in damage to breakwaters in a collision.
Students may bring ideas from these units to aid them in their explanations and determination of factors and

variables in a collision.

GUIDANCE

Organize related phenomena. While students complete their tables, use this independent writing time to tape the student-generated
phenomena cards in the correct areas on the Related Phenomena poster. For larger classes, it is recommended to use 3 pieces of chart paper

instead of 2 pieces to accommodate space for all index cards on the poster.
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5 CREATE INITIAL MODELS

12 min

MATERIALS: Initial Model: Objects During Collisions, Object Interactions During A Collision, science notebook

Develop initial models of objects during a collision. Say, Let’s try to develop a model to explain what is

happening when two things come into contact in a collision. Display slide H.%

@ Distribute a copy of Initial Model: Objects During Collisions to each student. Tell students that
| they should put their name on their handout but don't add it to their notebooks yet, as you

want to collect it at the end of the period to get a sense of what they are thinking. Ask students to look

at the Related Phenomena poster where they listed examples of things that have been damaged or

surprisingly not been damaged in collisions. Ask students to pick one of these examples to explain on
their handout.

Inital Model: Objects During Collsions

Say, You are going to use this handout to develop a model to show what interactions are happening between
the objects during a collision. On the first line, list the two objects that collided. Did you choose an example
that matched collision type A, B, or C? List which scenario you chose. Look at the next question: Was there damage in this collision? Write “yes” if there
was damage and ‘no” if there was not damage. Give students a minute to answer the first three questions on their handout before moving on
to the boxes below.

Say, In the space below, imagine you could slow time down and could also freeze or pause the collision at different points in time. What do you think
you would see happening to the materials right at the moment the objects first touched or made contact with each other in the collision? That’s this
box on the left labeled “Time point 1" How about a split second later? That's the box on the right labeled “Time point 2" Draw and label or describe in
words what you think you would see happening for both objects at each time point.

ADDITIONAL
GUIDANCE

If students need more room for their diagrams, you can have them record their ideas in their notebook directly
instead of on the handout. They can take an entire notebook page turned sideways for their time point 1and 2
drawings and use the facing page for their explanations. Note that this will take up two notebook pages instead
of one.

After 3-4 minutes, distribute Object Interactions During A Collision. Project slide I. Say, Look at the questions on this second handout and look at
the model you just drew. The first question is asking you to think about what is happening with the objects between time point 1 and time point 2.
What changes do you think you could see happening between those two points in time?

The second question asks you to think about the interactions that you cannot see happening with the objects in a collision. What interactions between
those two points in time do you think you couldn’t see happening with those objects as they collided?

The third question wants you to think about what changes to these interactions might lead to more or less damage. When we are talking about their
interactions, we are talking about the ways that they are acting on and affecting each other when they are touching. What changes to the way that
they are acting on and affecting each other when they are touching would lead to more or less damage?

Give students the remaining time to consider the questions and respond.% % At the end of the class period, have students hand in Initial
Model: Objects During Collisions and Object Interactions During A Collision for a formative assessment. If students have constructed the initial
models in their notebooks, have students hand in their notebooks.
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% SUPPORTING STUDENTS IN
ENGAGING IN DEVELOPING AND
USING MODELS

1. The word model means something specific
in this context that it might not mean for
students in other contexts. Remind students
that in this classroom, a model is a picture
and/or description that helps us explain
something that happens in the world. We are
asking students to make a model to help
explain why something gets damaged when
it is involved in a collision. Like their work in
previous OpenSciEd units, such models
should be trying to do more than just show
what we can see, they should also try to
represent any unobservable mechanisms
that we think might be at work in the system.

2. Students take into account multiple
factors that may contribute to damage in a
collision. While it will be relatively intuitive
for some students to attend to the ideas of
variables changing in the system, some
changes that are unobservable at the micro
level must also be occurring. This focus on
unobservable mechanisms is where students
will likely need additional encouragement to
make their thinking visible on paper. Such
prompting is more likely to raise awareness
that there is a gap in the current explanatory
model (if the student can't think of any
candidate mechanisms), or it may also help
them connect to previous ideas about forces
or energy they may have developed though
prior instruction.

% SUPPORTING STUDENTS IN
DEVELOPING AND USING STABILITY
AND CHANGE

Modeling and explaining visible changes
provides students the opportunity to show
understanding of Stability and Change.
Grades 3-5 experiences should have
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ASSESSMENT Building towards: 1.A Develop a model to describe and show
OPPORTUNITY the changes that occur in the structure of both objects when one object is damaged as a result and also when
neither object is damaged as a result.

What to look for/listen for
¢ Unobservable mechanisms: Prompts in this task ask students to engage in two elements of the modeling
practice related to representing descriptive aspects of the phenomena as well as unobservable
mechanisms (energy transfer in collisions and objects pushing on each other when they collide). You may
also see some students using particle-level representations to help explain changes occurring in the
objects in the collison, based on their extensive work in developing such models in prior OpenSciEd units.
e Factors or variables that cause the materials to break or not break in a collision, such as mass, speed, area
of contact, material type and thickness, any other structural differences students wish to identify
e Other connections to CCCs: There are phrases in the prompts that ask students to consider connections
to related elements of CCCs, particularly cause and effect, systems and system models, and stability and
change. These may lead students to develop and use ideas that help them connect ideas about forces,
energy, and changes occurring in the object. These ideas will be developed later in this unit. Here is a
good opportunlty to see if students are already making some of these connections:
In a collision objects exert forces on each other; those forces cause energy to be transferred
(effect) to or from the objects.
e Each object in the collision (subsystem) exerts a force on the other object in the collision; these
forces are equal in strength and opposite in direction.
¢ These forces (cause) also result in some deformation (change or effect) of each object.
¢ An object’s structure (the type of materials it is made of and the shapes of those materials)
affects how much it will deform and how much it will push back in a collision before breaking.
¢ Deformation beyond a certain point results in damage (a permanent shape change); but
deformation below that point does not (stability,).
¢ The amount of kinetic energy objects have in a system is related to the amount of energy that
can be transferred between them and the amount of peak force they will apply to each otherina
collision; the amount of kinetic energy is related to the mass and speed of the object.
What to do: If students do not include connections to any of these ideas listed above, that is OK for now.
Students will build on and revise their models over the course of the unit. Make a copy of these explanatory
models and compare them with what students show in their individual model and explanation at the end of
Lesson Set 1and the end of Lesson Set 2. You may also want to have students analyze their growth by
comparing these artifacts related to the elements mentioned above.

End of day 1
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accentuated that although some systems
appear stable, they can change over time. By
asking questions that allow students to dwell
on the moment of impact and what happens
shortly after the collision, prior conceptions
about instantaneous damage can be
uncovered. Students may believe that shape
changes do not happen unless there is
damage, or damage is only limited to the
breaking of objects. At this point students are
not expected to exhibit understanding of
these ideas nor do they need to show
changes at different scales (including the
particle level) that occur over the duration of
the collision. Over the course of the unit,
students will develop an understanding of
shape change that occurs during collisions,
force pairs, and the interactions of objects in
a collision.

% SUPPORTING STUDENTS IN
THREE-DIMENSIONAL LEARNING

This is an opportunity to pre-assess students’
engagement in all three dimensions of
NGSS to explain a phenomenon. There are
prompts in this task that ask students to
engage in two elements of the modeling
practice related to representing descriptive
aspects of the phenomena as well as
unobservable mechanisms. Students are
prompted to explain the mechanisms that
caused the observable changes, which will
provide an opportunity to bring related DCls
from prior grades: grade 4 (energy transfer in
collisions), grade 2 (objects pull or push each
other when they collide), and the middle
school grade band explanation (such as
equal force pairs between the two objects in
contact). There are phrases in the prompts
that ask students to consider related
elements of CCCs as well, particularly cause
and effect, systems and system models, and
stability and change.
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6 - ESTABLISH SCIENTISTS CIRCLE AND SHARE INITIAL MODELS

5 min

MATERIALS: Initial Model: Objects During Collisions, Object Interactions During A Collision, science notebook, tape

Return materials to students. Return Initial Model: Objects During Collisions and Object Interactions During A Collision to science notebooks to
students. If students used the loose handouts instead of recording in their science notebooks, give students time to attach the handouts to a
notebook page using tape.

Form a Scientists Circle for the first time. Ask students to assemble their chairs in a circle and to bring their science notebooks and
something to write with. Students will remain in the circle for all of class, though they will move among partner, small-group, and whole-
class discussions. This will help minimize the movement of chairs throughout the class period. As students get more comfortable with the
Scientists Circle, they can move between it and other activity structures more quickly. Ideally, they will need to be able to see the slides and
have access to a whiteboard, but if that is not possible, use only the whiteboard (or chart paper), which is where the more critical
sensemaking will occur for the rest of the class.

SCIENTISTS You will form a Scientists Circle in many future lessons as well. Setting up the norms and logistics for forming,

CIRCLE equitably participating in, and breaking down that space is important to do if this is your first time forming such
a space. Having students sit in a circle so they can see and face one another can help build a sense of shared
mission and community of learners working together. Returning to this Scientists Circle throughout the course
of the unit to take stock of what the class has figured out and where they need to go next will be an important

_ tool in helping the class take on greater agency in steering the direction of their learning. This circle will also help
/ build a sense of pride in their work. You may want to inform students that professional scientists also

collaborate with one another to brainstorm, discuss, and review their work.

Share initial models with a partner.* Display slide J. Ask students to keep track of similarities and differences between (1) what they think
would happen at each point in time for each model and (2) the factors and variables that may have contributed to damage or no damage.

7 - ESTABLISH SHARED NORMS

% ATTENDING TO EQUITY

Supporting Emergent Multilinguals: Before
students engage in whole-class discussions,
it can be helpful to first provide them with
the opportunity to work with others--either
in pairs, triads, or small groups--on ideas
related to their reasoning. These smaller
group structures can be especially helpful for
emerging multilingual students because they
offer students a chance to engage in
sensemaking with their peers and also the
space to use their linguistic and nonlinguistic
resources to express their ideas (and learn
from other students’ uses of these resources
too).

10 min

MATERIALS: Science Classroom Norms, science notebook, scissors, tape

Introduce the idea of coming to consensus as a class. Tell students, Soon, we'll try to come to agreement with all our diagrams. The purpose of
introducing the consensus task before talking about classroom norms is to get students thinking about how difficult it will be to get all
members of the learning community to agree and how we want to make sure everyone is included and all voices are heard.

Introduce science classroom norms. Tell students that before the class moves on with further investigations, it is time to set up some norms
for how the class wants to work and learn together. You may want to reiterate productive behaviors you witnessed in the first day of Lesson 1
as a way of communicating to students that they were already operating using some positive norms, but they had not yet talked about them.

Display slide K and pass out the handout Science Classroom Norms. Note: Edit the handout and slide as desired for your classroom.

Remind students that in prior units we have used norms to help develop a productive and respectful learning environment. They are similar
to rules but are intended to ensure that all students have a positive learning experience in science class.

The norms on the handout and the slide are a starting point for the class.* It is important to talk through each one with students and ask
them to provide an example or paraphrase the norm. The purpose of this is to develop a shared understanding of each norm. Also, provide
opportunities for students to clarify a norm, ask for a modification, or develop a new norm. Allow students to write on their handouts if the
class decides to change something. Norms are intended to be shared by the students and teacher, so even though a set has been provided, it
is just a starting point.
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% ATTENDING TO EQUITY

Universal Design for Learning: It is important
to use this norm-building time to begin to
cultivate an equitable learning community
that promotes trusting and caring
relationships that foster student engagement.
The norms should remind students to value
the diversity of classroom community
members and equity in the sensemaking
work they will do together this school year. It
is critical that the norms support safe and fair
participation and interrupt cultural norms or
stereotypes that could make science
experiences feel uncomfortable to students
(e.g., being someone who is not intelligent
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Choose a norm to work on today. Ask students to read through the norms one more time, nominate one norm that may be particularly hard
to follow, and suggest a strategy that could help everyone adhere to it. Then, before the students end their conversation, ask them to silently
pick one norm from the sheet that they personally will work on today. Give them at least 30 seconds of quiet, individual think-time to make

this decision.

ALTERNATE
ACTIVITY

When setting up learning community norms, students should understand how norms help everyone in the
community understand what is expected of them. Here are two approaches to setting up norms:

Give students a set of norms as a starting point (the default approach written in the learning plan).
Share a set of community norms with students and provide space for students to edit or add to the
norms if they believe something is missing.

Co-construct norms with students (the alternate approach). Explain what norms are and why we need
them for productive science talk and classroom culture. Have students co-construct norms, first
sharing ideas in small groups and then sharing with the whole class. Compile a list of agreed-upon
classroom community norms. As the teacher, you can add norms that may be missing from the list.
Make sure to explain to students how you think the norm you added is helpful so that they are clear
about why you are adding it to the list.

Consider the following questions, which can help you determine which approach is best for your situation:

Do you want students to participate in co-constructing the norms?

Do you want the same set of norms for every section of science you teach?

Do you want to work with your team teachers to establish a shared set of norms for students across
all your classes?

What kinds of consequences will you enforce if students do not follow the norms?

ADDITIONAL
GUIDANCE

openscied.org

Before moving on to the next step, let students take a moment to cut and tape the handout into their
notebook (or you can wait until they break from the Scientists Circle and return to their desks). If there are many
edits, you may choose to modify the document and reprint it for students before they tape it into their
notebooks. It will be important for the norms to appear early in their notebook. Consider taping it to the inside
cover of the notebook so that it is easily and often seen by students. Also be sure to have a public place where
the norms are posted on the wall for students to reference.
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enough to think like a scientist, who cannot
do the relevant math, who cannot share their

thinking).
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8 - DEVELOP INITIAL CONSENSUS MODEL DISCUSSION AND RELATED QUESTIONS 25 min

MATERIALS: Initial Model: Objects During Collisions, Object Interactions During A Collision, science notebook, markers, Consensus Model for Collisions poster

W Share initial models in the Scientists Circle. Display slide L. Arrange students around the Consensus Model for Collisions poster. % STRATEGIES FOR THIS INITIAL
IDEAS DISCUSSION

Say, Let’s start with a model of when the objects in the collision did have damage. Let’s have a couple of people share their ideas with the class.

Accept all reasonable student ideas in this
discussion. Revoice students' ideas and use
questions, such as | heard you say. ,is
that right? or Are you saying ____? to clarify
student thinking. However, do not challenge
students beyond their contributions at this
point.

Pick two students with different models from Initial Model: Objects During Collisions to come up and show their models to the class. Try to pick
examples that look different than the others. Tell students that as their classmates share their models, they should place a small check mark
(v') near what is similar and a question mark (?) near what is different on their own model. Ask students to explain what they think is
happening that we can and cannot see between the two objects.

ADDITIONAL Use questions to probe students’ thinking and get them to articulate each piece of the model. If there are icons

GUIDANCE like arrows, ask students what they represent. After each presentation, ask students to look at their own model
and at the one that was just presented to find similarities and differences between them. If something is
repeated several times, emphasize that to the class or ask students to share what was common across the
shared models.

Lead a Consensus Discussion to create an initial consensus model. Use the Consensus Model for Collisions poster to incorporate the areas
on which we agree. Allow students to share their agreements and disagreements verbally as they naturally arise in the conversation. After
you hear a few examples where there is both agreement and controversy, suggest that we should start recording some of these on our
poster.

Say, This poster represents our whole-class thinking. We should feel free to say if it does not represent everyone’s thinking so we can figure out what
we know and what we are less certain about. We will need to know if we have competing ideas in future lessons so we can figure out what we still
need to investigate. Make sure to say something if this does not represent our whole-class thinking.

KEY IDEAS The purpose of this discussion is to capture competing ideas of what causes damage or surprisingly does not
cause damage. Students may have various ideas of what causes damage and the factors that can contribute to
this damage.

What to look/listen for: Listen for students to reference their models for changes we can and cannot see to
determine potential factors for damage. If students are unsure of an idea, record the idea using labels and
question marks, as shown in the example model below. Ideas such as energy transfer, pushing, forces, and
particle-level changes may be shared by students. At this point, it is OK if only some of these ideas, or more
ideas, come up in the class discussion and are represented in the initial consensus model. Be careful not to
favorably respond to any one idea over others so as to not give away what might be going on in the
phenomenon. The class can return to the model and evaluate their initial competing ideas as they gather more
evidence throughout the unit.
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Start by visiting time point 1. Direct students to look at Initial Model:
Objects During Collisions for initial ideas on what is happening during this
time that we can all agree upon as well as competing ideas. Record
student ideas on the Consensus Model for Collisions poster. If an idea is
not represented by everyone in the class, add a question mark beside
the idea. This will cue in future lessons that the class needs to work to
develop an understanding of this interaction.

Possible areas of agreement
® The objects are in contact (touching) in both the damage and
the no damage case.

Possible areas of disagreement
® any other differences in the objects
® Does the damage occur at time point 1, at time point 2, or at
another point in time?
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Switch to time point 2. Again direct students to look at their handouts.

Possible areas of agreement
® The damaged item has permanent damage.
® The damaged item is either bent, cracked, or broken.

Possible areas of disagreement
e We aren't sure if there is anything visibly different a split
second later for the collision that results in no damage.
® \When damage occurs, does damage start a split second after
contact or bit before or a bit later?
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Shift to the column labeled "Changes we can see” and "Interactions we cannot see”. Start with the students’ responses for the changes we
can see. Then move to the interactions we cannot see. Use two different colored markers to represent the two different categories of
responses. Refer students to Object Interactions During A Collision for ideas on what we can all agree upon and areas of disagreement. Have
students share out what changes we can see occurring between the two objects. Begin with the collision with the damage box and record
student ideas. If students can agree across the class on a change we can see, put an exclamation point or other symbol to indicate that there
is a whole-class agreement on this idea. If students do not agree on an idea or it does not represent every student’s thinking, add a question
mark beside the idea. If students have an idea as something that can be seen as well as cannot be seen, star the idea with the marker use to
represent the other category (can be seen vs. cannot be seen) to represent that this idea falls into the two different categories (visible and
nonvisible) and will be revisited in later lessons. An example of this can be seen in the chart below. On this chart, fracturing was listed first as
an interaction we cannot see AND a change that we can see. A pink star was added next to it to indicate that it falls into both categories.

Potential student responses for changes we see in a collision with

damage Co llisions
i Y Chnanaes we Con See i
: bend'_ng i “ e e e inb*:ac?bs - ot e ;;j?gc 03; o
popping :
® breaking P@W’““%‘N&/’P@mmm 3
e shattering mkﬂ?g‘ Fu@? 7 k| dmm&ﬂ\h
e fracturing (may also be represented by some students as an Shatering ::i',f;,'ggﬁdﬁ o | e

ng? ol ded
interaction we cannot see) *QM
® pushing or forces (may also be represented by some students

as an interaction we cannot see)

Potential student responses for interactions we cannot see in a collision
with damage
e fracturing (may also be represented by some students as an
interaction we cannot see)
® pushing or forces (may also be represented by some students
as an interaction we cannot see)
® energy transfer or flow
e forces
® resisting (or other ideas about some sort of internal material
response such as stress)
® particle-level interactions or changes

After potential agreements and disagreements have been identified and recorded, move to the remaining empty box that represents a
collision without damage.
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Potential student responses for changes we see in a collision without —

damage Collisions

® bendin = |EL ot # [ Cronges weconsee ot
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response such as stress)

particle-level interactions or changes

fracturing at a scale smaller than we can see (to account for the
idea that there might be damage that we can't see which helps
explain why things wear out over time)

Reflect and record questions. Project slide M. Take a moment to reflect on this Consensus Model for Collisions poster as a class. Ask
students to title a new page in their notebooks “Initial Collision Questions” and record on that page any new questions they have regarding
the initial consensus model. We want to make sure to capture these wonderings we have about what is happening during the collision while

we still have them fresh in our minds. These questions will be revisited while creating stickies to add to the Driving Question Board on day 3.

Say, Wow, weve captured a lot of questions. All of these appear to be related to the ideas we were discussing about what was occurring during the
collision. Let’s take a different perspective now and think about what other variables and factors in the system might influence whether a collision
would result in damage or no visible damage from before the objects were even touching.

9 - DETERMINE FACTORS AND VARIABLES THAT AFFECT DAMAGE

MATERIALS: science notebook, Factors and Variables poster, markers

5 min

Show slide N. Have students look back at the Patterns in collisions T-chart in their notebooks.
Create a public record of students’ ideas. Display the Factors and Variables poster.

Say, This will be a record of our initial ideas, and even though we might all agree on some of these being important variables, we don't yet know how
important each one is or which variables or factors make the biggest difference, so | want to put a question mark next to each to indicate that as we
quickly record a running list of different possibilities you share.

If students become stuck on wanting to not add a question mark to a particular idea that is shared (e.g., we are all certain that mass is an
important factor), ask questions such as these:
e s X factor or variable more influential in a collision than Y factor or variable?
e So s this factor or variable more important than another factor or variable in a collision?
o Would this factor or variable still have as much of an impact on the outcome as this other factor or variable. What if we changed only this
one variable instead of the other or vice versa?

Record student ideas. Students might suggest these ideas:
¢ speed of the moving object(s)
¢ size, weight, or mass of the moving object(s)
¢ shape of the objects
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material those objects are made of

how hard or soft those objects are

the angle they hit each other from

any padding or protective material around either object

At the end of the period, ask students to think more about what factors and variables that are not on our chart might have an affect on the
outcome of a collision. Students can ask family, friends, or community about what they think affects damage in a collision if they need more
ideas.

It is OK if you do not complete this chart during this class period. It will be revisited at the beginning of day 3.

ADDITIONAL Students may begin to compare collision types A and B. This is fine, however, remind them that we are focusing
GUIDANCE on the cause of the damage or no damage that is done in the collision. Here are some questions you can use:
¢ Would it always get damaged like this? What factors could cause this to change whether it is
damaged?

¢ What variables would cause this to get more or less damaged?

¢ What about the object or the setup might affect the amount of damage?

¢ |f we were to change this object to another object, what would we say makes this object easier or
harder to damage?

End of day 2

10 - NAVIGATION 3 min

MATERIALS: Science Classroom Norms, science notebook

Choose a norm to work on today. Display slide O. Tell students, We will spend all day in our Scientists Circle again, working on turning our ideas
into questions that we can investigate. Direct them to look over the Classroom Norms chart again. Ask students to nominate a norm that the
class should work on as a group. Take a vote and choose a norm to focus on together today.

Say, What strategies can we use to stick to this norm together? Solicit 2-3 student ideas before revising the Factors and Variables poster.

11- REVISIT FACTORS AND VARIABLES POSTER 7 min

MATERIALS: science notebook, 1-2 index cards, marker, Factors and Variables poster

Project slide P. Revisit the Factors and Variables poster with students. Ask if they have identified any other factors that may affect damage in
a collision. Record student ideas on the poster.

Write additional questions individually. Project slide Q. Pass out 1-2 index cards or sticky notes to each student. Remind them that though
we generated questions last time based on what was happening during the collision, they may have new questions about some of these
variables and factors from today. Direct students to look back at their Initial Collision Questions notebook page and the Factors and Variables
poster. Ask students to use a marker to write on the sticky notes or index cards one or two questions they have developed, one question per
card. They should write their questions so they are big and bold. We want to be able to see the questions clearly. Remind students that it will
be part of our mission over the next few weeks to try to answer these questions as well as the ones they wrote last time.
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12 - DRIVING QUESTION BOARD AND IDEAS FOR INVESTIGATIONS 28 min

MATERIALS: Initial Model: Objects During Collisions, Object Interactions During A Collision, science notebook, Driving Question Board, Consensus Model for Collisions poster, index cards, tape,

chart paper, markers

Start our Driving Question Board (DQB). Before class begins, be sure to have the DQB set up in the room. Place the Consensus Model for 3k SUPPORTING STUDENTS IN
Collisions poster near the DQB. Say, We have been analyzing different types of collisions and the results of those collisions. We have identified ENGAGING IN ASKING QUESTIONS
possible variables and factors that contribute to damage or no damage, and we want to find out exactly how those collisions cause damage. AND DEFINING PROBLEMS

Write the unit question at the top of the DQB: “Why do things sometimes get damaged when they hit each other?” Give students a moment

to gather their index cards from the last activity and record any new questions on new index cards they may have related to collisions. If a student forgets to explain why or how

their question is linked to someone else’s

Qf Gather in a Scientists Circle around the DQB. Display slide R. Instruct students that when they have their questions ready, they need question, press that student to try 1o falk

to bring them and chairs to meet in a Scientists Circle around the DQB. Explain to students how you will create the DQB (also shown throughhthgir O‘P']m.thinking‘ Thisfif. a key way
onislidelR): to emphasize the importance of listening to

and building off each other’s ideas and to

¢ The first student reads a question aloud to the class, then posts it on the DQB. help scaffold student thinking.

Students who are listening should raise their hands if they have a question that relates to the question that was just read aloud.
The first student selects the next student whose hand is raised.

The second student reads a question, says why or how it relates, and posts it near the question it most relates to on the DQB.
That student selects the next student.

If another student has shared the same question that you have, try to share a different question that has not been shared.

We will continue until everyone has at least one question on the DQB.%

If students can't figure out which question to
connect theirs to, encourage them to ask the
class for help. After an idea is shared, ask the
original presenter if there is agreement and
why, and then post the question.

ASSESSMENT Building towards: 1.B Ask questions that arise from observations of collisions between two objects in order to Lf a(ny tsrt]udent has)qutistiort'n'_:, Tat are sitm(ijlar
seek additional information about factors (causes) that might affect the outcome (effect) of such collisions. O (orthe same as) others that are poste
OPPORTUNITY | : & ( ) and has no new ones, have the student place
What to listen for: one of their questions on top of the question
* A variety of open-ended questions (how and why), instead of close-ended questions (yes and no) that is similar so other students can visually
¢ One or more questions about the factors and variables that affect the amount of damage in a collision see how many of the questions are _the same
¢ One or more questions about the changes and/or interactions occurring during a collision (between time or relatt_ed. Emphasize that this provides us
point 1and time point 2) with evidence of where many people are

thinking about similar things.
What to do:

e If students are asking mostly closed questions, you can provide a copy of the questions on the DQB and
ask them to work on refining three or more of these questions so they become how and why questions
that can still also address parts of the original yes or no question. This could be an in-class or home
learning assignment. For practice (e.g., exit or entrance ticket) the following two questions can be
answered at the end or start of any future lessons:

¢ What questions were raised for us (now or from the end of the last class)?
¢ How might we investigate one or more of those questions using equipment in our classroom to
collect our own data or using data that other people have collected in other places?

e If students are not asking about the factors and variables that may contribute to damage, have students
refer to the Patterns in collisions chart they created in their notebooks and think about how changing one
of those factors or variables might impact the severity of the collision. This also could be a recurring home
learning assignment for students to continue to discuss with family, friends, and community, as
suggested at the end of day 1 of this lesson.

e If students are not asking questions about the changes or interactions occurring between time point 1and
time point 2, have students refer to the initial consensus model and/or Initial Model: Objects During
Collisions and Object Interactions During A Collision to identify areas of uncertainty.
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Organize questions into categories. As students share, questions will naturally start clustering into similar parts of the model or similar
questions. Once students have finished their sharing, ask them to identify the categories of questions and write these category names near
each cluster of questions. To stay on track, save at least 8 minutes of class time for students to think about investigations. See the image in
the step above for an example of student questions divided into potential categories. If you are short on time, create candidate categories
yourself after this lesson, post them, and then share these with students at the start of the next class, asking them to make any suggested

maodifications to these if they think they don't quite capture the themes that emerged on the board.

An example of a Driving Question Board created using student questions from a pilot classroom is below.
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Stay in a Scientists Circle to brainstorm investigations. Show slide S. Read the slide. Give students about five minutes to individually record
in their notebooks some ideas for future investigations. As students are

o
doing this, create a new poster titled “Ideas for Investigations and Data ’MQ. S ‘Eor llesh e:‘t LIO‘\S
We Need!” Put this right next to the DQB. 3

O Tiags

- Ay e "“ i e [t r
Tell students that you are going to record their ideas and that you want T (e / thinmer 1o0 )

everyone’s idea to be represented. As students are sharing their ideas,

underline repeated statements to keep track of common ideas among Thoaw saw obyed 0t Ad¥ond Speols

students. Emphasize that the list is what we want to do that we think Miades 1 okt o =
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SCIENTISTS One way to ensure that all student ideas are shared and get up on the board or poster is to pass a marker to the
CIRCLE first person nearest you in the circle. The student with the marker should share one idea. Write it on the board

or poster. Once that student sees that you have almost finished writing it, that student should pass the marker
to the next student. The second student then shares an idea. If the idea is on the poster already, the student
should say which idea is similar and how it is similar. Put a tally mark next to that idea. In this way, the marker is
passed all around the circle and all students have a chance to have their thinking represented on this poster.
Remind students that if they have additional ideas that don't end up on the poster, they should jot them down
now and then raise a hand to share only after the marker makes it all the way around the circle.

13 - NAVIGATE TO NEXT LESSON

MATERIALS: None

2 min

Forecast that we will investigate our questions. Display slide T. Say, Wow. We have accomplished so much. We now have a broad mission to
accomplish as a class. That is thanks to all the questions you shared and how you connected them together. These questions really represent what it
is we hope to be able to figure out. And we have a lot of ideas for investigations we could do to try to figure this all out. | am very excited for us to be
able to get started on investigating all of this. Let’s plan to start exploring some of those questions and ideas in our next lesson.
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14 - REVISITING NORMS 3min

MATERIALS: Science Classroom Norms, science notebook

Debrief how we did with our focal norm. Display slide U. Have students turn and talk and share how they did with the norm they selected.
Ask students, How did the norms help us talk together and come up with some ideas of what we think is happening? Allow a few students to share
and tell students they will continue to work on the norms.

15- ADD TO THE TABLE OF CONTENTS 2min

MATERIALS: science notebook, chart paper, markers

Update the table of contents with students. Say, But before we start on one of our investigation ideas, lets organize the work we have done so far.
Take any remaining time to have students update their table of contents and page numbering to include references to all the work they have
done so far. Develop a sample table of contents with students on chart paper to show one way to name the work they have in their
notebooks and reference the related pages it is on. If you run out of time for this today, make sure to do this before the start of the next
lesson the next time you meet.

SCIENCE If this is the first unit of your 8th grade course, you may want to remind students to update their notebooks on
NOTEBOOK days when you have some extra time available. It is recommended that you make time to have students update
the table of contents whenever they are adding to their Progress Tracker for the unit. This will happen
individually at the end of most lessons and collectively at other key points in the unit. This periodic time for
organization helps students look back on the trajectory of their learning journey. For many students, this is a
helpful way to support coherence. If you run out of time for this at the end of this class period, it can be moved
to the beginning of the next class.

Additional Lesson 1 Teacher Guidance

SUPPORTING CCSS.ELA-LITERACY.SL.8.1.C Pose questions that connect the ideas of several speakers and respond to

STUDENTS IN others' questions and comments with relevant evidence, observations, and ideas.

g\g’l\f I':l EGCTI ONS IN When the class is building the Driving Question Board (DQB), if a student forgets to explain why or how their
question is linked to someone else’s question, press that student to try to talk through their own thinking. This is

ELA a key way to emphasize the importance of listening to and building off of each other's ideas and to help
scaffold student thinking.

Don't worry if some questions are raised that are not part of topics in this unit. Over time, students will get
better and better at forming testable questions within the scope of the driving question. This type of activity
gives them practice at doing that.

If students can't figure out which question to connect theirs to, encourage them to ask the class for help. After
an idea is shared, ask the original presenter if there is agreement and why, and then post the question.
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LESSON 2: What causes changes in the motion and shape of colliding objects?

PREVIOUS LESSON

THIS LESSON
INVESTIGATION

2 days
A©

NEXT LESSON

BUILDING TOWARD NGSS

MS-PS2-1, MS-PS2-2, MS-PS3-1,
MS-ETS1-2, MS-ETSI1-3, MS-LS1-8

S
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We shared our experiences with cell phones breaking and brainstormed related phenomena. We identified factors and variables that can cause some fragile
objects to become damaged more than others. We developed a model to describe what is happening to the objects in a collision. We developed questions for
our Driving Question Board (DQB) and possible investigations we could do to answer these questions.

We explore colliding objects and record observations about changes in their motion and shape. We analyze
slow-motion videos of some of these collisions. We develop a model to represent what we know about energy
transfer and forces occurring in collisions when we see changes in motion of objects, shape of objects, or
damage to objects.

We will make a claim about whether all solid objects bend or not when pushed in a collision. We will analyze slow-motion videos, carry out an investigation with
a laser and a mirror, and analyze a concrete joint load testing video. We will use these sources of data to argue for whether our original claims are supported or
refuted by the evidence

WHAT STUDENTS WILL DO

2.A Collect data on changes in the motion and shape of colliding objects that serve as the basis for evidence that energy transfer occurs during the
collision and that there are forces between colliding objects.

2.B Construct an argument supported by empirical evidence and scientific reasoning to support a model showing that changes in motion of
colliding objects (connected to subsystems) results from energy transfer between them (cause) and changes in the shape of those objects results
from force(s) between them (cause).

WHAT STUDENTS WILL FIGURE OUT

¢ A collision can cause the objects involved to change motion and/or change shape.
e Energy transfer occurs during a collision.
¢ There is a force(s) between objects when they make contact during a collision.
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Lesson 2 - Learning Plan Snapshot

S o

4 min

2 13 min

3 10 min @

4 13 min

5 5 min

NAVIGATION

Reinforce our shared definition of collision, recall the investigations proposed at the end of
Lesson 1, and brainstorm what sorts of observations we want to take in a collision

investigation.

INVESTIGATE DROPPING AND BREAKING

Explore what happens to objects during a collision by dropping rigid objects on fragile but

inexpensive targets and making observations.

DISCUSS DESIGN CHALLENGES: DROPPING AND BREAKING

Discuss challenges associated with making observations of collisions from dropping objects on

fragile targets.

EXPLORE HORIZONTAL COLLISIONS

Record data about the motion and shape of objects in the system before and during collisions.

NAVIGATION

Students use evidence from investigations to discuss patterns in motion and shape changes.

safety goggles, Different Collisions poster from
Lesson 1

safety goggles, Dropping and Breaking Lab

Exploring Horizontal Collisions

Exploring Horizontal Collisions, safety goggles,
Exploring Horizontal Collisions Lab

End of day 1

6 10 min

7 10 min

8 20 min @

9 5 min

NAVIGATION: PROBLEMATIZING

Motivate the need for a closer examination of what's happening to the motion and shape of

objects during collisions.

MAKE OBSERVATIONS OF SLOW-MOTION VIDEOS

Analyze slow-motion videos for evidence of bending in a collision. Record observations and

determine if observations support or refute the claims made.

CONSENSUS DISCUSSION AND PROGRESS TRACKER UPDATE

Come to consensus about what causes changes in motion and shape of colliding objects and

update Progress Trackers.

BRAINSTORM MATERIALS TO TEST

Raise questions as to whether the shape of all objects changes during a collision.

computer, projector, https://youtu.be/ZGN7zZrt-s0O, h
ttps://youtu.be/8wo]SebzTio, https://youtu.be/sgXNP
gYEEA4

chart paper, markers

End of day 2
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Lesson 2 - Materials List

I B S " S I S

Dropping and Breaking Lab
materials

5 dry rice noodles

1CD case (plus more in reserve)

1 piece of sugar glass (or 2 soda crackers)
2 bricks or heavy books

1 golf ball

1 tennis ball

1 marble

Exploring Horizontal ¢ (optional) 1 phone or tablet with slow-motion video capability for e 8 stations built from 8 aluminum bar tracks (3
Collisions Lab materials student-made slow-motion videos ft.x 1.5in. x %8 in. each)
e 8 1-ft. pieces of painters tape
e 16 carts
¢ 4 metal rings and mounting screws that come
with the carts
e 4 rubber stoppers that come with the carts
e 4 clay balls (1- to 2-in. diameter)
e 3 quarter-sized pieces of sticky putty for
mounting materials to each cart
e 2 golf balls
e 2CD cases
e 24 washers

Lesson materials * science notebook
o safety goggles
e Exploring
Horizontal
Collisions

Different Collisions poster from Lesson 1
computer

projector

https://youtu.be/ZGN7zZrt-sO
https://youtu.be/8wo]SebzTio
https://youtu.be/sgXNPgYEEA4

chart paper

markers

Materials preparation (50 minutes)

Review teacher guide, slides, and teacher references or keys (if applicable).
Make copies of handouts and ensure sufficient copies of student references, readings, and procedures are available.

Day 1 (40 minutes)
Dropping and Breaking Lab
¢ Group size: 4-5 students
¢ Setup: Gather materials for 6 stations.
¢ Materials at each station
e 5dry rice noodles
e 2 bricks or 2 heavy books
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1 golf ball
1 tennis ball
1 marble
1 piece of sugar glass or 2 soda crackers
e 1CD or DVD case (It is anticipated that the cases may get damaged at this station. That is by design. Have extra cases available to swap in when this happens.)
¢ Materials to make sugar glass
¢ 11-lb bag of Arcor Crystal Mints (note: You may also use Matlow's Hard Mint Candy or Jolly Ranchers, however, melting times may vary slightly.)
1 6-cavity silicone soap mold measuring approximately 3" x 2" x 1" per cavity
1 cookie sheet
1 cooling rack
1 can of nonstick cooking spray
1resealable, plastic storage bag, gallon size
an electric, gas, or toaster oven
1roll of wax paper
paper towels
2 oven mitts or hot pads
¢ 1splash goggles
¢ Directions for making sugar glass
¢ See Making Sugar Glass and https://youtu.be/-jYT577_CAM for information about preparing sugar glass.

¢ Store sugar glass between sheets of wax paper and seal in a resealable, plastic storage bag until ready to use.
e Safety:

e Wear safety goggles or glasses during the setup, hands-on, and take-down segments of the activity.

¢ Never eat any food items used in a lab activity.

e Make sure all other fragile items are removed from the test area.

¢ Secure loose clothing, remove loose jewelry, wear closed-toe shoes, and tie back long hair.

¢ Broken pieces of sugar glass may be sharp and should be handled carefully.

¢ Immediately pick up any items dropped on the floor so they do not become a slip/fall hazard.

Follow your teacher’s instructions for disposing of waste materials. Wash your hands with soap and water immediately after completing this activity.

¢ Disposal: Broken dry rice noodles, soda crackers, and sugar glass can be disposed of in trash. Broken pieces of sugar glass may be sharp and should be wrapped in something such as
paper towels or newspaper to avoid tearing trash bags or cutting someone handling trash bags. It is anticipated that CD or DVD cases may get damaged in this lab. That is by design.
They can be recycled. All the other materials can be stored and reused from year to year.

Exploring Horizontal Collisions Lab
¢ Group size: 3-5 students
¢ Setup: Create 8 stations, two of each of four types indicated below. Groups will rotate through at least three stations to test collisions using different objects at those stations.
¢ Materials split equally across all stations (see step 1 below)
e 8 aluminum bar tracks (3 ft. x 1.5 in. x “8 in.)
e 8 ft. painters tape
* 16 carts
e 24 washers (1.5-in. diameter)
¢ 24 quarter-sized piece of mounting putty for sticking materials to or washers within carts
¢ Materials to split up across different stations (see steps 2-4 below)
¢ 4 metal rings and mounting screws that come with the carts
¢ 4 rubber stoppers that come with the carts
e 4 clay balls (1- to 2-in. diameter)
e 2 golf balls
¢ Materials to replace as often as damage occurs to them (see step 4 below)
e CD or DVD cases. It is anticipated that the cases will get damaged at this station. That is by design. Have extra cases available to swap in when this happens or between
groups.
¢ Follow steps 1-5 below for stations 1-4.. Repeat steps 1-5 for stations 5-8.
¢ Disposal: It is anticipated that CD or DVD cases will get damaged in this lab. That is by design. They can be recycled.
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¢ Storage: Clay and sticky putty should be stored in air tight containers or ziplock bags. All the other materials can be stored and reused from year to year without special containers for

them.

1. At each station,
tape down a track
to guide the carts
during the
collision.

2. At the first
station, attach
rubber stoppers
to the cart screws.

3. At the second
station, attach
metal hoops to
the cart screws.

4. At the third
station, attach the
golf ball and CD
case to carts with
mounting putty.

5. At the fourth
station, attach a
clay ball to the
front of each cart.

Notes for during the lab: There should be two identical stations for each of four collision types. Students will rotate through at least three different stations.

o Safety:
Day 2 (10 minutes)

Slow-motion collision videos
¢ Ensure videos are accessible.
e video 1: https://youtu.be/ZGN7zZrt-sO
e video 2: https://youtu.be/8wo|SebzTio
e video 3: https://youtu.be/sgXNPgYEEA4

openscied.org

Wear safety goggles or glasses during the setup, hands-on, and take-down segments of the activity.
Never eat any food items used in a lab activity.

Make sure all other fragile items are removed from the test area.
Secure loose clothing, remove loose jewelry, wear closed-toe shoes, and tie back long hair.

Warn students to keep fingers out of the way when colliding cars, especially when they are holding one car still.

Immediately pick up any items dropped on the floor so they do not become a slip/fall hazard.

Follow your teacher’s instructions for disposing of waste materials. Wash your hands with soap and water immediately after completing this activity.
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Lesson 2 - Where We Are Going and NOT Going
Where We Are Going

In this lesson, students begin to develop an initial understanding of the cause-and-effect relationships between forces and shape changes of colliding objects and between energy transfer and
changes in motion of colliding objects.

Students should notice that the shape of objects changes when the objects are flexible, but they are likely to say that other objects in the collision are not changing shape (they will figure out
that they are in future lessons). Students describe what they see in the data by considering whether the effects (changes in shape or motion) are caused by the collision or only correlated with
the collision. Students develop an intuitive feel for the idea that more than one force can act on an object when they compare the effects of the collision when the object is held still and when
it is not held still.

Students should also leverage prior knowledge that collisions transfer energy as evidenced by changes in the speed of the objects in the system before vs. after the collision. Students may
describe motion changes in qualitative terms. For example, they may describe motion changing “quickly” or motion changing “slowly” Some students may describe changes in motion as also
resulting from forces.

We want to help introduce students to two different ways of thinking about the types of interactions occurring between objects during a collision. One is thinking about energy transfers in the
system, and the other is thinking about forces applied to objects in the system.
¢ In the energy perspective, students should recall that energy transfer occurs between objects in a collision and that objects or particles that are moving have kinetic energy. These are
ideas that students previously developed at a particle level in OpenSciEd Unit 6.2: How can containers keep stuff from warming up or cooling down? (Cup Design Unit). Students should also
know from prior grade-band work for PS3.B: When objects collide, energy can be transferred from one object to another.
¢ In the forces perspective, students should recall that there are pushes (force(s)) between the objects in a collision. This is an idea that should have been developed in the K-2 grade
band for PS2.B: When objects touch or collide, they push on one another and can change motion.

Two modeling conventions are applied to the consensus modelin this lesson, based on work students have done in prior OpenSciEd units.

¢ Motion of objects in the system is represented as trails/tails behind an object, whose length is related to its speed. This is a modeling convention that was used in OpenSciEd Unit 6.2:
How can containers keep stuff from warming up or cooling down? (Cup Design Unit).

* Thin, curved arrows from an object or (sub)system to another object or (sub)system are established as a convention for representing such energy transfer in this lesson to provide an
opportunity to model forces applied to objects as straight, thick arrows in future lessons in free-body diagrams. Students will have modeled energy transfer using arrows before in the
many contexts in physical science, earth science, and life science in multiple prior OpenScikEd units from both 6th and 7th grade. Examples include the following:

energy transfer through radiation (light) and conduction into and through a cup design

¢ energy transfer to Earth's surface and to the air above through radiation (light), conduction, and convection in the formation of weather systems
¢ energy transfer from a system of reactants to food in a flameless heater
¢ energy transfer into the formation of food molecules in plants through radiation (light) and photosynthesis
¢ energy transfer through an ecosystem through production and consumption of food in food webs.
Where We Are NOT Going

Wait until Lesson 6 to explicitly connect the ideas of energy transfer and forces together. In Lesson 6 you will establish that when objects collide, the contact forces between them cause
energy to be transferred to or from those objects.

Students have prior knowledge of the effects of balanced and unbalanced forces on the motion of an object, but changes in motion due to collision of two objects is new. Do not introduce the
term acceleration. The NGSS uses the language “change in motion” rather than “acceleration” for middle school students. Do not quantify the rate at which motion changes. No attempt is
made at any point in the unit to introduce vector-based thinking about forces to account for changes in motion that are not in one dimension (e.g., along a track). Motion changes outside in
systems where the motion isn't bounded in one dimension are outside the boundary of the target performance expectations for the middle school grade band.

Students realize that one or more forces exists between colliding objects during contact but may not yet be convinced that the shape of rigid objects changes during a collision. They will
investigate this question in Lesson 3.

Don't raise the ideas of force pairs existing between objects when they collide. This is an idea they will develop fully in Lesson 5.
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LEARNING PLAN for LESSON 2

1- NAVIGATION

4 min

MATERIALS: science notebook, safety goggles, Different Collisions poster from Lesson 1

Brainstorm what sorts of things we'd want to look for in a collision. Refer to the Different Collisions poster from Lesson 1as you say, Last
time, we came up with lots of examples of two objects hitting each other. Here is our poster of these. We decided to refer to all these examples as
collisions, which is the word scientists use to describe these types of interactions. Since most of our ideas for investigations were to explore some
collisions ourselves, let’s get ready to start doing that today. | have some materials you will be able to use to test the results of collisions firsthand.

Many of those materials are relatively fragile and inexpensive, so it's OK if they get damaged. But, before we just start colliding stuff together, let's take

a moment to remind ourselves what sorts of things we wanted to observe more closely in a collision that may or may not result in damage.

Discuss initial ideas. Project slide A. Give students a couple of minutes to talk with a partner. Then ask students to share a few ideas. Listen

for ideas such as these:

e Observing collisions in slow motion might help us see what's happening.

¢ Look up close to try to see what is happening with the materials, both when they break and when they dontt.
¢ Make note of how the material behaves in those situations and any changes we see happening to it.

e Compare the objects before and after the collision.

Take safety precautions. Say, So although there is a “before” and “after” for a collison, and it's easy to compare these, one big area of interest for us

is to try to see what is going on during the collision itself. Trying to see what is going on up close sounds like one thing we are going to want to try to do.

But, knowing that the objects might get damaged and if that happens, pieces may get broken off in some of the collisions, what is one big safety
precaution we are all going to want to take during our attempts to study collisions up close?

Listen for safety suggestions that include wearing goggles and not getting too close.

SAFETY For this investigation, as well as for all future collision investigations in this unit, students should follow these
PRECAUTIONS safety guidelines:

openscied.org

Wear safety goggles or glasses during the setup, hands-on, and take-down segments of the activity.
Never eat any food items used in a lab activity.

Make sure all other fragile items are removed from the test area.

Secure loose clothing, remove loose jewelry, wear closed-toe shoes, and tie back long hair.

Warn students to keep fingers out of the way when colliding cars, especially when they are holding
one car still.

Immediately pick up any items dropped on the floor so they do not become a slip/fall hazard.
Follow your teacher’s instructions for disposing of waste materials. Wash your hands with soap and
water immediately after completing this activity.
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2 - INVESTIGATE DROPPING AND BREAKING

MATERIALS: Dropping and Breaking Lab, science notebook, safety goggles

13 min

Demonstrate one possible collision setup. Don't actually drop any objects in this demonstration step. The intent here is to just give students
a few ideas to get them started. Gather students around a demonstration area to show one of the ways groups might set up a collision to try.
Say, Here are just a few examples of the kinds of things you might try. Some groups might try to suspend a rice noodle between two books and drop a
golf ball on the noodles to see what happens. Others might place a soda cracker directly on the table and drop a tennis ball on it. But these are all
vertical drops. You could try collisions from a different direction too.

Remind students about safety. Say, In any case you test you will want to take careful observations about what is happening during the collision.
That is going to require you to watch the point of contact closely. Let’s remind ourselves of important safety guidelines we will need to follow in every
collision case we test.

SAFETY ¢ Students should wear safety goggles in case broken pieces of objects are ejected during collisions.
PRECAUTIONS e Students should keep track of tennis balls, golf balls, and marbles so they don't fly away into other
groups.
¢ Students should not drop any object from higher than an arm's length in front of them onto the table top
(about 2 feet).

Prepare to record data in notebooks. Encourage students to describe their tests and record what happens in a format that makes sense to
them and to think about what kind of data they need to collect and why. There will likely be many challenges associated with making careful
observations, so suggest to students that they record those challenges along with any new questions that come to mind as they work.%

Carry out station investigations. Show slide B. Assign students to groups and initial stations. Keep track of time, reminding students to try
multiple collisions. Students should be able to complete three collisions in the time allotted.%
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% ATTENDING TO EQUITY

Universal Design for Learning: Recording
observations with words may be challenging
for students. Encourage all students to use
words and/or drawings when representing
and recording their investigation setup and
observations. Student drawings of broken
things can be elevated as class artifacts that
clarify different kinds of damage seen in
collisions. To help students record
observations in their notebooks, have them
make a T-chart with the title “Observing
Collisions” and these column headings:

¢ Descriptions of collisions

¢ Challenges or questions

% SUPPORTING STUDENTS IN
ENGAGING IN PLANNING AND
CARRYING OUT INVESTIGATIONS

As students work, ask, what kind of data is
your group collecting and what question do you
think it will help answer? Additionally, ask
them to tell you why it might be important
to collect data from different collision
scenarios. Students should recognize that
collisions in the real world happen in many
different ways, and to make sense of what
happens during collisions will require a
variety of lines of evidence from varied
scenarios. Both of these will help prepare
them for a second, more focused and
controlled investigation in the later part of
the lesson.
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3 - DISCUSS DESIGN CHALLENGES: DROPPING AND BREAKING

10 min

MATERIALS: science notebook, Exploring Horizontal Collisions

Debrief dropping and breaking. Ask students to refer to what they recorded in their notebooks during the Dropping and Breaking Lab as you
discuss their related observations, challenges, and questions.

Say, As groups were working, | noticed a lot of us are using different words to describe permanent shape changes to the fragile things in our
investigations. Lets add the word damage to our Word Wall. It might also be helpful for us to show the different kinds of damage we are seeing. Using
students own words to describe damage (e.g., nicked, bent, cracked, broken into pieces) and input from students, draw diagrams on the
Word Wall to show different degrees of damage. Emphasize that all of these involved shape change.%

Discuss investigation design challenges. Project slide C. Give groups 2 minutes to discuss the questions on the slide:
¢ What did you notice about the motion or shape of colliding objects?
¢ What challenges did you face?
¢ How could we study collisions more easily?

Then lead a whole-class discussion to identify similarities and differences in observations about changes in motion or shape, challenges
faced, and new questions that emerged.%k

Elicit observations about changes in motion and shape of colliding objects. Say, It sounds like in some cases we noticed changes in both the
motion and the shape of colliding objects. This may be something we want to investigate further, but let’s identify any challenges we encountered
testing collisions the way that we just did.

Elicit challenges students faced in the previous investigation design. Say, Share the challenges you experienced in conducting the investigations
and making observations with the way we tried to collide objects together in this previous investigation. Listen for ideas such as these:

Dropping an object from a higher height makes it harder to hit the target (we miss it).

The targets bounced.

It was hard to keep track of the ball or keep it on track.

It was hard to control the speed of the fall (the speed of collision).

It was hard to aim the ball so it hit the target in a predictable spot.

It was hard to see what happened to the surface of the fragile object at the moment of contact between objects.

Collisions happen too fast to make good observations.

Say, Publicly sharing and identifying the challenges we had with collecting data in an investigation is an important practice in engineering and science
as it can help the scientific community refine what they do in their next investigation and how they go about doing it. Let’s keep that in mind as an
important norm for planning and carrying out investigations. Let’s use it to guide revisions for our next round of collision investigations as well as other

phenomena that we design investigations for later in the year.
@ Discuss what might need to be different about the lab design. Say, It sounds like it would be really helpful if we could control this
| collision somehow and keep track of how motion and shape are changing. The things | heard were .... Write ideas on the board and have

students agree that we need to

¢ control the speed of the objects in the collision better,

¢ control where the moving object hits the target,

¢ look more closely at the surfaces of colliding objects at the time of the collision, and

¢ keep the moving object from flying off after the collision.
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% ATTENDING TO EQUITY

Universal Design for Learning: Encourage
students to contribute ideas for visual
representations or to share and display on the
class Word Wall their own drawings they
made from the previous investigation.

Emergent Multilingual Learners: Using
multiple words and images to clarify what is
meant by damage supports all students and
particularly emergent multilinguals. If
students are comfortable, ask them to share
words from their home language and look
for similarities if possible. For example, in
Spanish, a damaged thing is dafado(a) and
in French it is endommagé.

% SUPPORTING STUDENTS IN
DEVELOPING AND USING SCALE,
PROPORTION, AND QUANTITY

During the discussion in this section,
students should recognize that the real-time
data they collect do not provide enough
information to make sense of what's
happening during a collision. Students are
likely to quickly suggest using slow-motion
video to better see objects at the moment of
impact during a collision. Some students
may also suggest zooming in on the objects
at the moment of collision, and this is a
worthwhile endeavor if they are using
phones or cameras in this activity. If a few
students take and enlarge photos of colliding
objects, taking a minute to project the
photos for the class will show their ideas add
value to collective understanding.
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ASSESSMENT
OPPORTUNITY

Building towards: 2.A Collect data on changes
serve as the basis for evidence that energy transfer

within a system that
and that

What to look/listen for: Listen for students to suggest ways to control the collisions they observe. For example,
they are likely to suggest that they want to see how the materials themselves are changing during the time the
objects are in contact with each other. They may also suggest ways to control the motion and speed of objects
in collisions, such as a way to target or line up the objects to ensure that they will collide after one or both are
put into motion. Students may also suggest the use of slow-motion video or zoomed-in images of the
moment of collision.

What to do: To elicit ideas for making better observations during collisions, ask students to think about what
should be different about their experimental design. If students still don't have a lot of ideas, add an optional
exit ticket at the end of day 1that asks students to reflect on what about the new setup in the Exploring
Horizontal Collisions Lab helped address some of the challenges they raised at the end of the Dropping and
Breaking Lab and/or what about the new setup allowed them to make the kinds of observations they were not
able to make as easily before.

Say, I think we can do some things to control for many of these variables in our next round of collision investigations. | have some equipment we can
use that | think might help address some of the challenges you raised. Let’s consider how the available equipment could be used to help address those
challenges.

Project slide D. Say, In this image putty was used to attach a golf ball to a cart and it was also used to attach a CD case to a second cart. Notice that
both carts are also on a track. This is just one sample of two different kinds of things we could collide together. We could swap in other objects and still
attach them to carts using putty. Discuss the question on the slide as a class.

Suggested prompt Sample student response

How would investigating collisions using this sort of setup help us
address some of the challenges we encountered in the previous
investigation?

This would allow us to control where the ball hits the target.
It could help keep the ball from flying off after the collision.

It will keep everything in a more controlled space.

Define the system of objects that will be involved in the collision. Say, It seems like we have ideas about better ways to collect observations
during a collision, but since there are different objects in the new system that we are going to use to carry out a collision, let’s think about one example
of two objects we can collide together within this system. We could collide a golf ball with a CD case if we attached each to their own cart and ran one
into the other. In this example, where would we expect the point of contact in the collision to occur?

Students will say the point of contact will occur where the golf ball and CD case touch each other.

Say, OK, so even though the golf ball is attached to one cart and is part of that subsystem and the CD case is attached to another cart and is part of
that subsystem, the point of interaction we are really interested in studying within the entire system is just between the two objects we identified at
first: the golf ball and CD case. Defining what parts, objects, or subsystems within a larger system we are wanting to study the interactions between is
an important part of systems thinking that we should keep thinking about going forward in all our investigations and models we develop.%
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% SUPPORTING STUDENTS IN
DEVELOPING AND USING SYSTEMS
AND SYSTEM MODELS

Referring to the obiects in this collision as
being part of subsystems primes students
for developing models for free-body force
diagrams (subsystems) in Lesson 5. Students
also have prior experience describing energy
transfers between systems in OpenSciEd Unit
6.2: How can containers keep stuff from
warming up or cooling down? (Cup Design Unit)
and OpenSciEd Unit 7.2: How can we use
chemical reactions to design a solution to a
problem? (Homemade Heater Unit) when they
describe and model energy transfers in the
form of heat and particle motion once they
recognized that those systems are made of
many different, individual parts interacting
together (e.g., molecules colliding, atoms in
reactant molecules rearranging). They will
leverage this thinking in Lesson 8. This
system framing in this lesson primes
students for making particle-level
connections later in Lesson 8 to account for
energy transfer to the surroundings via
friction and air resistance.
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Turn and talk. Project slide E. Ask, When the objects that are part of the two subsystems make contact during a collision, what sort of changes do
you think you might observe in those objects or in the subsystems they are attached to? Ask students to share a few responses and listen for ideas
about whether the motion, the shape, or both motion and shape will change during a collision. For example, students might say that the cart
subsystems will bounce backwards or stop, the CD case will wiggle or crack, or the putty will be squished more or less.

Demonstrate controlling collisions with carts. Distribute Exploring Horizontal Collisions. Project slide F. Have students write the investigation
question, What happens to the motion and shape of the objects (and the subsystems they are part of) when they collide?, on the top of their
handout as described on the slide.

Prepare for data collection. Say, The data table provided has space for you to keep track of what is happening to two separate things for two
different objects in the system, which is a lot for one person to pay attention to. Turn to your partners and take ten seconds to decide who is keeping
track of changes in motion and shape for objects that are part of subsystem 1 and who is keeping track of changes in motion and shape for objects
that are part of subsystem 2.

Demonstrate how to conduct the investigation. Say, / can use this setup to make the different subsystems collide by running the carts into each
other like this (show a crash). Ask, What, if anything, did you notice during the collision about changes in the motion or shape of the objects? Hear a
few responses.

Say, What about the surface of that CD case during the collision? What happens to it? Does it bend or break? Can it bend and not break? What are
some tools we could use to help us see what is happening right at the moment two objects make contact and immediately afterward? Are there any
technologies we could use to help us see what is happening to the objects that make contact with each other during that really brief event?

Listen for answers such as
¢ slow down the speed of the objects before they collide or just push them slowly together instead of crashing them into each other,
e try to take a photo of it as it happens and zoom in, and
¢ use a slow-motion camera or use slow-motion video someone else collected.

Encourage students to pursue any ideas that they have technology to support.

ALTERNATE If students have access to slow-motion cameras in their phones or tablets, encourage one member of the

ACTIVITY group to capture such recordings as well. If students don't have access to this technology, tell the class that you
will pull together some slow-motion videos of these objects colliding for the whole class to analyze together
next time.

4 - EXPLORE HORIZONTAL COLLISIONS

13 min

MATERIALS: Exploring Horizontal Collisions Lab, science notebook, Exploring Horizontal Collisions, safety goggles

Explain organization of data collection. Refer students to Exploring Horizontal Collisions. Point out that each row is for each different
combination of objects they collide together. Students should have the freedom to choose whether to put both carts in motion or hold one
steady and should clearly mark that they did so in the column on Exploring Horizontal Collisions that asks “Was there a change in motion?
(yes/no)” If they hold one cart in place then they write “no (held in place) for one cart”

Project slide G and tell students they will have three minutes at each station. Explain that if their group misses a station or are uncertain of
the results and don't have time to repeat the investigation at that particular station, they can fill in the corresponding cells of their data table
with question marks.

Ask students to collect data for at least three stations. Assign students to work in groups, each at a different starting station. Signal the
groups to rotate to a new station every three minutes. This should allow students enough time to get to at least 3 stations. Students should
record data on their handout and add their handout to their science notebook when they are done.%k
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% SUPPORTING STUDENTS IN
ENGAGING IN PLANNING AND
CARRYING OUT INVESTIGATIONS

Since it is sometimes easier to see
deformation when the carts are more
massive, students may use washers to add
additional mass to the carts. If they decide to
do this, the washer(s) can be held in place
with clay. Students should make note of
anything added to their system.
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ALTERNATE Optional: Students collect their own video. If students will collect their own slow-motion video, they first may

ACTIVITY need a moment to look up how to operate the slow-motion video function of their phones or tablets. The
primary focus of this activity, though, should not be on students recording slow-motion video. Proceed with
this option only if students suggest the idea and the technology is available and easily accessed in the
classroom. Remember that you will show the entire class slow-motion video of some of these collisions later in
this lesson.

5 - NAVIGATION 5 min

MATERIALS: science notebook

Identify patterns in data related to changes in motion and shape. Say, Take a moment to summarize what you figured out about our question
that motivated our investigation. Project slide H. Give students the remaining time to record their responses to the question:
¢ What happens to the motion and shape of the objects (and the subsystems they are part of) when they collide?

If time is short, assign this for home learning.

End of day 1

6 - NAVIGATION: PROBLEMATIZING 10 min

MATERIALS: science notebook

Identify patterns in data related to changes in motion and shape. Display slide I. Say, Last time you carried out an investigation to try to figure
out what happens to the motion and shape of the objects (and the subsystems they are part of) when they collide.

Give students a minute to review what they wrote last time in the notebooks. Then have students share the summaries of their observations
as a whole class, starting with observations related to changes in motion.

Suggested prompt Sample student response
Tell me about the patterns you noticed in the data you recorded in the e In many cases we saw a change in motion.
column “Was there a change in motion?” What did you see? e Sometimes motion didn’t change, like when we held

one of the carts in place.

e Sometimes there were changes for both colliding
objects, and sometimes the changes were only for one
object.

How many times did you see the motion change and how many times | Answers will vary, but students should report more data showing
did you see the motion stay the same? changing motion than motion staying the same.
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Suggested prompt

Sample student response

Do you notice any patterns? What were the conditions when the
motion changed?

What were the conditions when the motion didn't change?

* In every collision, the motion of at least one of the
objects changed.

* In every collision where we didn't hold something still,
the motion of both objects changed.

e The only time the motion of an object didn't change was
when we were holding the object still.

Now have students share the summaries of their observations related to changes in shape. Listen for these ideas:
¢ With bendable things, we easily saw the shape change during a collision.
¢ We aren't sure if we would see a shape change with more rigid objects like metal.

Suggested prompt

Sample student response

Show of hands: How many of you saw changes in shape during
collisions?

Did you always see changes in shape?

Did we ever see changes in shape when we held an object still?

Most students should raise their hand.

No.

Yes.

ADDITIONAL Students have been using several terms for shape change, such as bending or squishing, in this lesson. In the
GUIDANCE next lesson, the word deformation will be introduced and will be used to describe any bending or shape changes

in an object.

Say, So for some objects we are claiming it was easy to see evidence of a shape change. But for other objects we didn't see any evidence of their
shape changing. But a lack of evidence doesn't necessarily mean something didnt happen. Sometimes a lack of evidence is due to an inability to
measure what we are trying to detect. What are some challenges you encountered with trying to see if the shape of the objects changed during that

brief moment that they made contact with each other?

Accept all responses. Students are most likely to say that the moment of contact happens really fast.

Ask students to consider what additional sources of evidence could help us see if shape changes in the objects that are colliding are occurring

during that brief moment of contact. Listen for students to suggest that we would need video of the collision from a slow-motion or high-

speed camera.

Say, I've pooled together slow-motion videos of collisions for us to analyze in order to investigate this question further. Let’s get ready to collect some

observations from these data sources.

openscied.org
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7 - MAKE OBSERVATIONS OF SLOW-MOTION VIDEOS

MATERIALS: science notebook, computer, projector,

10 min

Explain video observation procedures. Project slide ]. Explain the objects involved in the three different collisions that will be shown in the
videos. Give students a minute to create a T-chart for recording observations in their notebooks as shown on the slide. Explain that each
video will be played twice. The first time it is played, students should pay attention to what is occuring. During the second viewing, students
should record observations.

Play videos and record observations. Project slide K. Check that the computer sound is turned off before playing the videos. Play video 1 htt
ps://youtu.be/ZGN7zZrt-sO in its entirety twice. Instruct students to watch the video the first time and to record observations in science
notebooks during the second viewing. Continue this process with slides L and M and for the following clips:

e video 2 https://youtu.be/8wo]SebzTio

e video 3 https://youtu.be/sgXNPgYEEA4

After showing the 3 videos, say, Bring your notebooks and let’s meet in the Scientists Circle to share our thinking about the changes we are seeing
when objects are in contact with each other during a collision.

8 - CONSENSUS DISCUSSION AND PROGRESS TRACKER UPDATE

20 min

MATERIALS: science notebook, chart paper, markers

Identify the two types of outcomes we observed. Say, Earlier we found evidence for motion and shape changes in some collisions. When we
analyze slow-motion video from collisions, we further evidence that those changes are happening gradually during the time the colliding systems
were in contact with each other. Let’s consider what could be causing both of these types of changes.

Develop initial explanations. Project slide N. Say, As we try to figure out what's happening at the moment of impact in a collision, it would be
helpful if we could explain what is causing the changes we observed. Let’s each individually try to identify a mechanism or interaction happening
between colliding objects that can help explain what we observed. Record your thoughts about what causes changes in motion in every collision case
where weve seen that outcome. Then think of the cases where you saw evidence of a shape change. Record your thoughts about what you think might
be causing changes in shape in all of those cases.

Turn and talk. Give students two minutes to share their ideas with a partner, then hear ideas from 2-3 groups. These are sample student
responses:

e When objects collide, energy is transferred from one object to another, and this causes changes in their motion.

e When objects collide, one or more forces push on one or more objects, and this causes changes in shape.

Use this conversation as an opportunity to connect back to previous units’ discussions of energy so students can connect these ideas
to prior science ideas they've already figured out around energy. Take the time to have students realize that while they have been

talking about energy transfers across the years at vastly different scales, they have always been talking about the same type of phenomenon:

energy transfers into or out of systems.%k%

ADDITIONAL
GUIDANCE

Students will have modeled energy transfer using arrows before in the many contexts in physical science, earth
science, and life science in multiple prior OpenSciEd units from both 6th and 7th grade. Examples include the
following:

¢ energy transfer through radiation (light) and conduction into and through a cup design

Continued on next page...
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% SUPPORTING STUDENTS IN
DEVELOPING AND USING ENERGY
AND MATTER

Students should recall from their work with
marbles in the OpenSciEd Unit 6.2: How can
containers keep stuff from warming up or
cooling down? (Cup Design Unit) that moving
objects and particles have kinetic energy and
that collisions transfer energy. So though
energy transfer in a system is not a focal
crosscutting concept in this lesson, students
should be able to describe the energy
transfer between two objects in a collision.

% SUPPORTING STUDENTS IN
ENGAGING IN ARGUMENT FROM
EVIDENCE

If students argue that motion changes
should also be categorized as an effect for
the "Force perspective” row, add that too if
everyone is in agreement. If there is some
uncertainty about that idea, then still add it
and put a question mark after it. The lesson
assumes that students will see shape
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ADDITIONAL
GUIDANCE

Continued from previous page...

¢ energy transfer to Earth's surface and to the air above through radiation (light), conduction, and
convection in the formation of small-scale weather systems and large-scale air masses

¢ energy transfer from movement of plates along a plate boundary into the displaced water that
produces a tsunami, which in turn is transferred to the shore through the propagation of those waves
across the ocean

* energy transfer from a system of reactants to food in a flameless heater

¢ energy transfer into the formation of food molecules in plants through radiation (light) and
photosynthesis

¢ energy transfer through an ecosystem through production and consumption of food in food webs
(e.g., the ecosystem where orangutans live)

ASSESSMENT
OPPORTUNITY

Building towards: 2.B.1 Construct an argument supported by empirical evidence and scientific reasoning to
support a model showing that changes in motion of colliding objects (connected to subsystems) result from
energy transfer between them (cause) and changes in the shape of those objects result from force(s) between
them (cause).

What to look/listen for: Students making arguments that leverage prior knowledge about changes in kinetic
energy, energy transfer, and/or forces as a mechanism or interaction causing one or more of these outcomes.
It's OK if students reference only one of these rather than all of them.

What to do: If students struggle with identifying any mechanisms or interactions for these causes, suggest that
they will share ideas in a moment to come to consensus on these ideas, and that you will check in again on
their thinking when you collect Progress Trackers at the end of the period. Collect and review students’ Progress

Trackers at the end of the period to see if students are referencing ideas related to kinetic energy, energy
transfer, or forces that they may not have mentioned here.

Suggested prompt

Sample student response

I think you've talked about energy before in science class. Can we take
a moment and think back to 6th and 7th grade and brainstorm
different places where you talked about or represented energy like this
before?

Do you see any connections among how energy is represented in the
different systems in these units?

Even though weve used energy thinking to explain very different
phenomena related to a cup of liquid warming up, the formation of a
cloud or an air mass, heating up food, or where the energy an
orangutan needs to live comes from, we have always been talking
about energy transfers into or out of systems. What energy transfers
do you recall between systems?
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We've talked about energy transfer in One-way Mirror Unit, Cup
Design Unit, Everest Unit, Homemade Heater Unit, Maple Syrup
Unit, Palm Oil Unit.

Answers may vary.

We talked about a chemical reaction system transfering energy to
our food system in Homemade Heater Unit.

We talked about energy transfer from a particle moving fast

hitting a particle moving slowly and transferring energy in Cup
Design Unit.

Unit 8.1+ Lesson 2+ 10/1/25

changes as stronger evidence of pushing
occurring during a collision, rather than
motion changes, and that they will be more
ready to make that latter connection in later
lessons rather than now. The structure of this
chart lays the groundwork for making that
connection in later lessons.
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Suggested prompt

Sample student response

Oil Unit

Energy is transferred from the food sources that orangutans eat
(fruits) into their bodies when they consume those foods. Palm

Additional responses may vary.

Explicitly talk about energy transfer versus forces way of thinking. If students don't bring up forces, introduce this line of reasoning to bridge
from energy transfer thinking to forces using the prompts below.

Suggested prompts

Sample student responses

Follow-up questions

In the OpenSciEd Unit 6.2: How can
containers keep stuff from warming up or
cooling down? (Cup Design Unit) you thought
about what happens in collisions between
small particles. How did you describe what
happened to the energy of each particle in
such collisions?

Was shape change of the particles something
you were considering too?

If the CD case was motionless on a table,
what would you have to do to it with your
hand to change its shape?

Moving particles transfer energy into and
out of systems during collisions.

No.

Squeeze it.
Push on it.
Poke it.

Smash it.

That sounds like an energy transfer
perspective way of thinking.

OK; so let’s consider some of the objects we
saw change shape in this collision
investigation.

That sounds like you would have to bring
your hand into contact with it and push on it.
That sort of thinking is a way of talking about
what is happening from a force perspective.

Say, We are raising issues about what is happening using ideas about pushing, which is a way of talking about interactions in the system using forces,
and we are also describing what is happening to the motion of the objects using ideas about changes in energy, which is a way of talking about
energy transfer. Both seem like important ideas we could use to explain what is happening in a collision. And scientists find both are really helpful
ways to explain certain types of changes. Sometimes it seems more helpful to describe what is happening using forces, and sometimes it is more
helpful to describe what is happening using energy transfer. But each is a different way of thinking about interactions within a system and between
systems. Let’s clarify what we are talking about with respect to forces and what we are talking about with respect to energy transfer.

Ask questions to clarify what is meant by pushing and energy transfer and add the words force and energy to the Word Wall.

Suggested prompt

| Sample student response

When we say “pushing’, what are we talking about? ‘ Forces.

openscied.org
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Suggested prompt

Sample student response

Forces are a way of explaining certain types of interactions between
objects or systems. But so is energy transfer. What are some of the
units you completed where you explained phenomena using ideas
about energy transfer?

What are some ways that energy transferred in, out, or through
systems in the types of phenomena you investigated in those units?

When would we say energy transfer is happening in the systems we
investigated in this lesson?

How is seeing a collision that results in a stationary object speeding up
and a previously moving object slowing down evidence of energy
transfer occurring in the collision?

Cup Design Unit, Storms Unit, Homemade Heater Unit

When particles bump into each other, energy is transferred
between them in the cup system.

Sunlight transfers energy to Earth's surface which transfers it to
the air above which causes that air to heat up, expand, and rise.

Energy was transferred into or out of our heater system/food
system.

During the collision.

Energy is transferred to the stationary object when it speeds up,
and energy is transferred from the moving object when it slows
down.

Say, Let’s see if we can come to consensus about how to represent these ideas. Lets use what we already know about energy and forces to show what
we think is happening in collisions. Use questioning to elicit student understanding and record student ideas on chart paper.%

Connect to previous work with kinetic energy in other units. If students start using the term kinetic energy, push them to explain their
definition and to justify why they feel like this would be appropriate terminology to use here.

If students don't start using the term kinetic energy, push them to think about energy transfers from previous units. After we have done some

work showing how our current discussion of energy fits in with and builds on previous conversations of energy we have had in middle school,

argue that the term kinetic energy may be useful for us in this context and that referring to the kinetic energy of moving parts of the system
(objects or subsystems) can be a useful way to compare one system to another.

Suggested prompt

Sample student response

We discussed how energy transfers occur in all sorts of different
phenomena. Energy is energy, regardless of the specific context, such
as in the Cup Design Unit or Homemade Heater Unit, although
sometimes it’s helpful to distinguish the form of energy. In the Cup
Design Unit what kind of energy were we talking about?

openscied.org

We talked about particles moving and hitting each other and
transferring energy. When they move more, they have more
energy. When the particles are moving, they have kinetic energy.
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Suggested prompt

Sample student response

Is that similar to or different than the energy transfer we are talking
about here? Is there anything we figured out about those energy
transfers with particles that would be helpful information to use right
now?

So because we are talking about energy transfers when moving
objects collide with each other, the term kinetic energy might be useful
for us in this context too. Before a moving object collides with a
stationary object, which part of the system has kinetic energy and
which part of the system does not?

What is happening to the kinetic energy of each object if their speeds
change from the collision?

We've used arrows in other units. How might we use them to represent
what’s happening to the energy in the system during a collision
between a moving object and a stationary object that results in the
stationary object speeding up?

What else do we see occurring in collisions besides changes in motion?

What is causing shape changes?

Well before we were working on a scale that we could not see
(particles), now we are working at a scale we can see (objects such
as balls, phones, and so forth).

In both cases we were talking about collisions between moving
things.

The moving object or subsystem has kinetic energy. The
stationary object or subsystem does not.

If a moving object slows down or stops, its kinetic energy
decreases .

If an object speeds up, its kinetic energy increases.

If an object that's not moving starts moving, its kinetic energy
increases.

We should use an arrow from the moving object to the stationary
one to show that these are the parts of the system where the
energy is transferring from and to.

Shape changes.

Pushing or force(s).

As you engage students in a Consensus Discussion, capture the class's thinking on chart paper as shown in the images below. Save the chart
paper you make to refer to again at the end of Lesson 7 and the start of Lesson 8.%
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Qy Project slide O. Tell students to add the lesson question to their Progress Trackers: What causes the changes in motion and changes in
shape of colliding objects? Give students time to individually update their Progress Trackers with what they've figured out so far.

Question What | figured out
What cavses the changes in o Forces between objects during a collicion cause changes in the chape(s) of the colliding objects.

motion and change¢ in chape of

g o Energy trancters during collicions occur between colliding objects. This can explain changes in
colliding objects!

the cpeed of thoce objects (or the cubsystems they are attached to).
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ASSESSMENT Building towards: 2.B.2 Construct an argument supported by empirical evidence and scientific reasoning to

OPPORTUNITY support a model showing that changes in motion of colliding objects (connected to subsystems) result from
energy transfer between them (cause) and changes in the shape of those objects result from force(s) between
them (cause).

What to look/listen for: Students making claims that refer to how energy transfer can help account for changes
in motion and for how forces can account for changes in shape (students may also mention that forces can
account for changes in motion as well).

What to do: If students struggle with identifying the role of forces or energy transfer, leave a sticky note in their
Progress Tracker with a prompt or question to push them to continue thinking about how forces or energy
transfer could help them explain the changes they observed in the objects when they collided. You may
encourage them to respond to this at a later point (e.g., the start of the next lesson). A couple of example
prompts are below:

¢ What else can energy transfer help us explain based on our consensus model from last time?

¢ What else can force(s) help us explain based on our consensus model from last time?

9 - BRAINSTORM MATERIALS TO TEST

MATERIALS: science notebook

5 min

Consider whether shape changes happen in all collisions. Say, So we've seen shape changes in the collisons weve looked at, where slow-motion
video provided the evidence we needed to see that change. And we think that forces in the collision cause this shape change. So is this something that
is always happening? Do you think the force from a collision always causes shape changes in the objects that collide, but sometimes we just can't see
or detect it?

Project slide P. Take a quick poll in response to this question. Anticipate some controversy around this idea. Say, It appears we have two
competing claims in our classroom. Some of us think that all objects bend or change shape in a collision. And some of us think that not all solid
objects bend or change shape in a collision. We are going to need data to support or refute either of these claims. But one challenge in trying to
support or refute a claim where we are asking “does this happen in all cases” is that we can't test all cases. So let’s brainstorm some types of objects or
materials that we know are very rigid that we could test.

Brainstorm objects and sources of data needed to investigate our question. Project slide Q. Have students record their ideas in their science
notebooks. If time is short, you may consider asking students to brainstorm objects and sources of data needed to investigate our question

as a home-learning assignment. Say, Let’s plan to investigate this question further next time to see if we can collect evidence to support one of these
claims and refute the other one.

Additional Lesson 2 Teacher Guidance
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SUPPORTING CCSS.ELA-LITERACY.W.8.1.B Support claim(s) with logical reasoning and relevant evidence, using accurate,
STUDENTS IN credible sources and demonstrating an understanding of the topic or text.

MAKING . . . .
CONNECTIONS IN The above learning goal is the focus of the written cause-effect statements that students produce using

ELA evidence from their own investigation on day 2.

openscied.org Unit 8.1« Lesson 2 - 10/1/25 Page 75



openscied.org Unit 8.1+ Lesson 2 « 10/1/25 Page 76



|y y Fy §y y y y y §y 4y y Fy y y y y y y y y y Fy F F ¥y Fy y Vi

LESSON 3: Do all objects change shape or bend when they are pushed in a collision?

PREVIOUS LESSON

THIS LESSON

INVESTIGATION

1day
@4

NEXT LESSON

BUILDING TOWARD NGSS

MS-PS2-1, MS-PS2-2, MS-PS3-1,
MS-ETS1-2, MS-ETSI1-3, MS-LS1-8

S

openscied.org

We explored colliding objects and recorded observations about changes in their motion and shape. We analyzed slow-motion videos of some of these collisions.

We developed a model to represent what we know about energy transfer and forces occurring in collisions when we see changes in motion of objects, shape of
objects, or damage to objects.

We make a claim about whether all solid objects bend or not when pushed during a collision. We analyze slow-
motion videos, carry out an investigation with a laser and a mirror, and analyze a concrete joint load testing

video. We use these sources of data to argue for whether our original claims are supported or refuted by the
evidence.

Delta-V Experts

We will plan and carry out an investigation into the relationship of contact force applied and the amount of deformation that occurs in different materials. We

will graph our data and compare our graphs to those from other materials tests. We will develop a model to explain and represent the elastic and nonelastic
behavior of all solid objects in response to varying amounts of force applied to them.

WHAT STUDENTS WILL DO

3.A Construct and revise a written argument using evidence from various sources of data (slow-motion videos, photos, and firsthand
investigations) to support or refute the claim that all objects do bend or change shape when pushed in a collision.

WHAT STUDENTS WILL FIGURE OUT

¢ All solid objects bend or change shape when pushed on in a collision and when other contact forces are applied to them.
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Lesson 3 - Learning Plan Snapshot

e e

6 min
2 5 min
3 5 min
4 12 min
5 4 min

6 5 min @

7 8 min

NAVIGATION

Recall from the previous lesson examples of objects that changed shape or bent during (or
from) a collision and make predictions about whether all objects bend or change shape in
collisions. Establish an initial claim about whether this happens to all objects when they are

pushed in a collision.

ANALYZE VIDEO CASES

Analyze slow-motion videos for evidence of objects bending in a collision. Record observations

and determine if observations support or refute the claims made.

DISCUSS FINDINGS AND INTRODUCE CONTACT FORCE

Discuss observations from the videos and introduce the term contact force. Add contact force to

the Word Wall.

PREDICTING AND TESTING OUR PREDICTIONS FOR APPLYING CONTACT FORCESTO A

PIECE OF GLASS

Collect data on how laser light reflected off a surface (glass) is affected when an object is

dropped onto the glass and when a static weight is placed on the glass.

MAKE PREDICTIONS AND ANALYZE CONCRETE LOAD TESTING PHOTOS

Poll the class on their initial predictions and show a timelapse video from load testing a
concrete joint. Have students make observations to determine if this case supports or refutes

their claim.

EVALUATE AND REVISE INITIAL CLAIMS

Evaluate and revise the claim made about objects changing shape and use this claim to make

an argument about whether objects change shape when a force is applied.

NAVIGATION

Reflect on concrete double tee bridge joint findings and determine how we can test the
amount of force needed to bend any object.

Claim and Observations Organizer

C-H  Claim and Observations Organizer, computer,
projector, video A:
https://youtu.be/My1WOuU3LOCM, video B: https://y
outu.be/sVr6tVy7htU, video C: https://youtu.be/FYb

nWSWmQg
g
K Claim and Observations Organizer, Reflected Laser
Investigation
L-M
N Claim and Observations Organizer
0-Q

End of day 1

openscied.org

Unit 8.1+ Lesson 3 +10/1/25

Page 78


https://youtu.be/My1WOu3LOCM
https://youtu.be/sVr6tVy7htU
https://youtu.be/FYbn1WSWmQg

Lesson 3 - Materials List

e et T o T

Reflected Laser Investigation materials 1rolling cart

1ring stand

1 test tube clamp

1laser pointer

1 clothespin

optional: 1 box to raise the height of the ring stand
1 classroom lab table

1sponge

3 2"x4" pieces of flexible stick-on mirror material
2 bricks

1 rectangular piece of glass (15" long x 8" wide)
tape to secure glass to bricks

1 cup half-filled with rocks

1 golf ball

chart paper

tape

1 pencil or marker

Lesson materials ¢ (Claim and Observations Organizer
¢ science notebook

computer

projector

video A: https://youtu.be/MylWOu3LOCM
video B: https://youtu.be/sVr6tVy7htU
video C: https://youtu.be/FYbnIWSWmQg

Materials preparation (15 minutes)

Review teacher guide, slides, and teacher references or keys (if applicable).
Make copies of handouts and ensure sufficient copies of student references, readings, and procedures are available.

Test these videos ahead of time:
¢ Video A https://youtu.be/My1WOu3LOCM
¢ video B: https://youtu.be/sVr6tVy7htU
¢ video C: https://youtu.be/FYbnIWSWmQg
¢ Concrete joint: https://youtu.be/MVkmrGJBQAo

Reflected Laser Investigation
¢ Group size: whole class
¢ Setup: One setup is needed for the whole class and is reused for all classes. Set up a laser on a ring stand on a rolling cart and the materials you are going to shine the laser on as
shown in https://youtu.be/N_LwGqvnOjk. Watch this video to also see the anticipated results that testing the piece of glass and the classroom tabletop should yield when you do this
investigation live with the class. There are three locations to set up for this investigation: (1) the ring stand-mounted laser on a cart, (2) the materials you are testing for deformation,
and (3) the spot on the wall or whiteboard the reflected laser beam shines on.

¢ (1) materials needed for the ring stand-mounted laser on a cart
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1rolling cart
1ring stand
1 test tube clamp
1 laser pointer
1 clothespin
¢ optional: 1 box to raise the height of the bottom of the ring stand
¢ (2) materials you are testing for deformation
¢ 1classroom lab table

e 1sponge
e 3 2"'x4" rectangles of flexible, stick-on mirror material
¢ 2 bricks
¢ 1rectangular piece of glass (15" long x 8" wide)
¢ Aadd one piece of flexible, stick-on mirror material from above to the center of the glass
¢ tape to secure glass to bricks
¢ 1cup half-filled with rocks, sand, or washers
e 1golf ball

1 hardbound book to drop on table
¢ (3) the spot on the wall or whiteboard the reflected laser beam shines on
e chart paper
¢ tape
¢ 1 pencil or marker
o Safety:
¢ Wear safety goggles or glasses during the setup, hands-on, and take-down segments of the activity.
¢ One should exercise the same safety precautions around lasers as with any other power tool or electrical device, paying special attention to eye safety. Never point a laser in
someone's eyes--even low-power, handheld units can cause eye damage due to the focusing effect of the lens in the eye. Have students stand out of the path of the laser.
¢ Glass can shatter easily if too much force is applied to it and it is bent too far. Do not drop the golf ball onto the glass from more than a height of 2 inches. Do not place
more than half a cup of sand, rocks, or washers in the middle of the glass.
Wear cut-resistant gloves when handling glass.
Never eat any food items used in a lab activity.
Make sure all other fragile items are removed from the test area.
Secure loose clothing, remove loose jewelry, wear closed-toe shoes, and tie back long hair.
¢ Disposal: If glass breaks, do not handle with bare hands. The broken pieces will be very sharp and should be swept up with a broom and dustpan. Make sure to follow guidelines set
forth by the school or district for disposal.
¢ Storage: Make sure to unclip the laser and turn it off between each class to avoid draining its battery.
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Lesson 3 - Where We Are Going and NOT Going
Where We Are Going

Prior to the middle school grade band, students often encounter the idea that solids are defined as matter that holds its shape, as opposed to liquids, which take the shape of their container, or
gases, which fill the volume of the container they are in. This may lead them to group solids into two categories: stiff objects that aren't elastic and objects that are visibly elastic like rubber
bands or springs.

Many solid objects are so rigid they don't appear to be elastic when small forces are applied to them. However, all solid objects are elastic up to a certain amount of force applied to them. In
many cases, the amount of deformation is so small when small amounts of force are applied to a solid object that it can only be detected with special measurement devices.

The idea that all objects are elastic (or springy) up to a point (the elastic limit) and return to their original shape when the forces are removed is one that students will start to develop across this
lesson and the next. This idea will help provide students a mechanism to explain why inanimate objects push back (or pull back) on anything that pushes on them (or pulls on them) within a
certain range of forces. This will be used to help students explain what causes Newton's third law between two objects in contact with each other. This connection is something they will
uncover in Lesson 5.

Where We Are NOT Going
We are not trying to distinguish between elastic and inelastic collisions in this unit. In the next lesson, we will introduce the word deformation to describe the different types of shape changes

an object can undergo (temporary vs. permanent deformation). When a material encounters an external force, it experiences internal resistance to the deformation and restores itself to its
original state if the external force is removed.
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LEARNING PLAN for LESSON 3

1- NAVIGATION

6 min

MATERIALS: Claim and Observations Organizer, science notebook

Recall the question we decided we needed to investigate last time. Say, Last time, we were looking at slow-motion video and noticed some
surprising shape changes happening in some objects during a collision. That led us to realize we had a new question to investigate further which we
took a poll on and brainstormed some ways to investigate it.

Project slide A. Give students a couple of minutes to discuss the questions on a slide with a partner and then discuss the questions as a
whole class.

Suggested prompt Sample student response

What was the question about shape changes in collisions we took a
poll on at the end of our last class that we decided we needed to
investigate further?

Do all objects bend or change shape in a collision?

Does the force from a collision always cause shape changes in the
objects that collide, but sometimes we just can't see or detect it?

What were some types of objects or materials you brainstormed in Accept all answers. Get at least 10 different possible answers.
your notebook that are very rigid and that could be useful to test in

order to investigate this question?

What about things like the glass marble or the golf ball from the
previous lab? Do you think those materials we didn't see bend with our
own eyes are actually bending, but its just really hard to see?

Accept all answers.

Say, This sounds like a lot of objects to test. And though we know we can't test all objects in existence to answer our question, we would need to test at
least some of these in order to have sufficient evidence to answer our question. Let’s get ready to do that.

Introduce the organizer and make a claim. Project slide B. Distribute Claim and Observations Organizer to students and have them add it to
their notebooks. Explain that students will use Claim and Observations Organizer to record their claim as well as the data they collect from a
variety of sources to help them keep track of whether their claim is supported or refuted by the evidence.

Say, We have two competing claims in our classroom. Some of us think that all solid objects bend or change shape in a collision, while others of us
think that not all solid objects bend or change shape in a collision. In @ moment well start collecting data to serve as evidence to support or refute
these two different claims. Our first source of evidence will be from three slow-motion videos of different objects colliding. As scientists, we always
want to record our thinking to help us compare our findings. So let’s start recording this by filling in the blank in this initial claim section on your
handout.

Guide students in completing the claim by filling in the blank with one of the following claims that they initially agree with:
¢ Allsolid objects do bend or change shape when pushed in a collision
¢ All solid objects do not bend or change shape when pushed in a collision

Say, Remember, one of our norms is that we work together to figure things out, and it is OK if we are unsure at this point. It doesnt matter if our
original claim is right or wrong, right now it is important for us to determine what evidence we need to collect in order to support or refute our claims.
We can always change our claims if we need to as we gather more evidence. That's what scientists do!

openscied.org Unit 8.1+ Lesson 3 « 10/1/25

% SUPPORTING STUDENTS IN
ENGAGING IN ARGUMENT FROM
EVIDENCE

Claim and Observations Organizer supports
students in engaging in argument from
evidence by providing a structured way to
record evidence from our investigations.
Students will use the evidence collected on
the handout to support or refute their
original claim, All solid objects [do/do not]
bend or change shape when pushed in a
collision. This process of making a predictive
claim and then collecting data to support or
refute it was introduced in the second lesson
of the first unit in the 7th grade OpenSciEd
scope and sequence: [material:ca]. The
alternate arguments that students had
established were around whether the gas
produced when a bath bomb was added to
water was part of the bath bomb to start
with (trapped in it) or made from the matter
that was in the bath bomb.

% ATTENDING TO EQUITY

Universal Design for Learning: Use
classroom norms to support engagement by
creating a space where students are not
worried about being right or wrong.
Referencing this norm brings back the idea
that scientists change their thinking in light
of new evidence, and uncertainty is part of
science. The classroom norms support
uncertainty and remind students that
through our diverse thinking, the class will
collectively grow in our pursuit to understand
the science ideas and make a final claim.
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2 - ANALYZE VIDEO CASES

, video B:

MATERIALS: science notebook, Claim and Observations Organizer, computer, projector, video A:

5 min

, video C:

Project slide C. Have students look at the “Data source” column of Claim and Observations Organizer. Explain that this column has the three
videos we will watch listed for them as well as additional blank rows for some other investigations we will do together. The second column is
for recording observations, and the third column is for students to record if the observations they make support or refute their initial claim.

Project slide D. Point out the three different collision video descriptions to students. Explain that each video will be played twice. The first
time it is played, they should pay attention to what is occuring, but don't record anything yet. During the second viewing they should record
their observations. After viewing all the videos students will have time to decide if their observations support or refute their initial claim.

Play videos and record observations. Project slide E. Check that the computer sound is turned off during the playing of the videos. Play
video A https://youtu.be/MyIWOuU3LOCM, which will be shown in its entirety twice. Instruct students to watch the video the first time and to
record observations during the second viewing. Continue this process with slides F and G.

Show the following clips to students:
e video A https://youtu.be/MyIWOu3LOCM
¢ video B https://youtu.be/sVr6tVy7htU
¢ video C https://youtu.be/FYbnIWSWmQg

Project slide H. After showing the 3 videos, give students time to review their observations. Have them decide if their observations support
or refute their original claim.

3 - DISCUSS FINDINGS AND INTRODUCE CONTACT FORCE

MATERIALS: None

% ATTENDING TO EQUITY

Supporting Empathy and Emotions: The
first video in this sequence is of a slow-
moving car hitting the bumper of another
car. The car is moving at a very low rate of
speed, and minimal impact is given to the
car in front of it. The video was included in
this sequence because it shows a type of
interaction that was previously classified and
does an excellent job of showing an object
bending and changing shape. Even though
the collision is happening slowly and at a
slow rate of speed, this may bring up adverse
experiences for some students. If students
choose not to watch this video, it will not
take away from the overall learning
experience. Use your discretion showing
video A.

5 min

Take a poll. Display slide I. Read the poll to students, Do really solid objects bend or change shape when pushed during a collision?

Ask students to give a thumbs up for yes or a thumbs down for no. Ask a few students to explain their reasoning, both from students who
voted yes and from students who voted no.

Suggested prompt Sample student response

It seems like we have two different ideas here. Would someone who
gave a thumbs up explain their reasoning?

The golf ball was pretty hard and it bent, so maybe other things
do too.

A baseball bat doesn't look like it bends, but it does. Maybe other
things bend and | just don't see them.

Would someone who gave a thumbs down explain their reasoning? | saw a lot of things bend, but | didn't see the golf club bend when

it hit the golf ball. | don't think all things bend, just certain things.
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Suggested prompt Sample student response

Is it possible that when an object pushes on another in a collision, it Accept all responses.
may not appear to change shape when it is actually doing so, but just
at a scale that is too hard for us to see?

Say, We need to resolve this question about whether all objects bend or not in a collision so that we know how this idea applies to the sort of
materials like those in a collision between a glass phone screen and a concrete floor. Let’s collect some additional observations to see if we can get
evidence for whether those objects bend when they get pushed on too.

Introduce the term contact force. Say, Before we move on to do that, we have been talking a lot about pushes that happen in a collision. We know
from elementary school that a force is a push or a pull, and scientists have a name for the force that an object experiences due to contact with
another object. It's called a contact force. Add contact force to the Word Wall.

Discuss class findings. Show slide ] and read the first sentence to students. Give students a couple of minutes to read and answer the
questions on the slide with a partner before eliciting responses from the class.

Suggested prompt Sample student response
If we applied a contact force to something like a piece of glass on our I know sometimes | can press really hard on my screen and it
phone screen by pushing on it with another object, do you think you changes colors. | think some glass can, but not all glass.

would see it bend or change shape before it broke?
| don't think it can. | can't press on glass without it breaking. It's
pretty breakable. But maybe it just bends so little that | can't see it.

If we applied a contact force to a thick piece of concrete by pushingon | I've been in a parking garage, and it seems like the concrete
it with another object, would you expect to see a change in shape ground moves when cars drive over it. | think it can, but maybe we
before it breaks? just can't see it.

| don't think you would see a shape change before it breaks. Cars
drive on roads made of concrete, and | haven't seen it bend. The
concrete is not going to bend for every car that goes across it.

4 - PREDICTING AND TESTING OUR PREDICTIONS FOR APPLYING CONTACT FORCES TO A PIECE OF 12 min
GLASS

MATERIALS: Reflected Laser Investigation, science notebook, Claim and Observations Organizer

Introduce how the laser and mirror can detect shape changes in an object. Hold up a sponge with a piece of flexible stick on mirror material 3% SUPPORTING STUDENTS IN
attached and then point to the top of the table at the front of the room as you say, | have a sponge. This sponge visibly bends and deforms DEVELOPING AND USING SCALE,
easily when we apply a contact force. | also have a piece of glass at the front of the room. We have been wondering if our phone glass changes shape  pROPORTION. AND QUANTITY
or bends in a collision, so let’s use this piece of glass to test this! Its really hard to view this in slow motion, so | have another tool we can use to detect ’
really small changes in the shape of an object. We are going to use a mirror and laser to magnify any time the surface of an object bends or changes

: . . e Lo . o, This emphasis on needing to use a
shape. % Let’s try it on the sponge first so we can see how it works, and then we can see if it does something similar or different with this piece of glass. P g

specialized instrument to detect changes
happening at a scale we can't see directly
with our eyes will again help emphasize the
crosscutting concept of scale. It will also help

Show slide K. Have students bring their science notebooks opened to their handouts and a writing tool and gather on either side of the table
at the front of the room.
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The steps outlined below are demonstrated in https://youtu.be/N_LwGqvnOjk for your reference. Watch this video beforehand to see students recognize that phenomena

examples of all the surfaces being demonstrated. Follow similar steps when you demonstrate this equipment with students. observed at one scale may not be .
observable at another scale, and the function

of natural and designed systems may

Place the stick-on mirror material, bricks, sponge, and piece of glass near the center of the table. change with scale.

Go over to the laser cart and turn on the laser by clamping the clothespin down over the “on” button.

Move the cart and position the laser so that the laser dot is hitting the top of the sponge on the table.

Put a piece of the stick-on mirror material on the center of the sponge. Show that when you push on the sponge, the stick-on mirror
material remains stuck to the surface and moves as the sponge moves, tilting a different way depending on how the shape of the sponge
surface changes. Move the sponge as needed so that the laser is shining on the stick-on mirror material.

The reflected laser dot should bounce off the stick-on mirror material and appear on the opposite wall or a whiteboard on or near the
chart paper you put up ahead of time. Move the chart paper if needed so the reflected laser dot shows up on it.

Encourage students to line up along the path of the reflected laser light so everyone can see the dot on the chart paper. Tell them to be
careful not to block the laser light for the next tests. Explain that you are going to push on the sponge to make its surface bend and
change shape, and you want them to watch what happens to the dot on the chart paper. Push down on the sponge with your hand.

Ask students to describe what happens to the reflected laser dot when you apply a force to the sponge and why. Students should say they
see it move and that this is because the position or orientation of the surface of the sponge changes when the shape of the sponge changes.
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Ask students whether the laser would move if you dropped something on the sponge and why. Also ask if they expect it to move if you put a
weight on top of the sponge. Students will predict “yes” in both cases because both cases should cause the shape of the sponge to change.

Demonstrate how the sponge and reflected laser dot respond to these other contact forces. Direct students to write “sponge and laser” as a

new data source on their handouts, directly under “moving baseball colliding with a motionless bat”

Demonstrate both cases, first by dropping a golf ball on top of the sponge. Make sure you drop it to
the side of where the laser beam is shining so as not to have it fall or bounce up through its path. Have
students describe what happened to the laser dot on the chart paper when you did this. They should

say it moved.

Next, put a weighted cup on the sponge, again, out of the path of the laser. Ask students what it did to
the laser dot. Students should say it made the dot move. Ask them what the downward push from
the weight of the cup did to the shape of the sponge. Students should say it bent or compressed it.

Allow students to record observations on their handout next to the “sponge and laser” data source. Tell them not to worry about the “support

or refute” column just yet--our focus at the moment is making observations.

Use the equipment to test a new system (the piece of glass). Ask students to extend what they saw to explain how this method can be used
to see if glass bends or changes shape. Direct students to write in a new data source, “mirror and laser”, directly under the “sponge and laser”

row.

Suggested prompt

Sample student response

So what does the laser dot do when the mirror moves or tilts due to
shape change in the object it is stuck to?

Let’s get ready to stick the mirror material to a piece of glass. If we then
push on the piece of glass or the table by dropping something on
either or resting a weight on either, what would we see happen to the
laser dot if the object underneath the mirror bends or changes shape?

What if those objects don't bend or change shape?

openscied.org

It shifts position.

The laser dot will shift position.

The dot won't move.
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Shift the laser or the bricks and glass so the dot is now hitting the stick-on mirror material on the glass
laying across the two bricks. Optionally, tape the glass to one or both bricks for more stability. The
laser dot should bounce off the mirror material and show up on the chart paper. Smooth out the
mirror material if the dot isn't concentrated in one spot on the paper.

From 1-2 inches above the glass, drop a golf ball on the side of the glass that is out of the way of the
beam of the laser dot. Make sure not to drop it from a height greater than 1-2 inches to avoid
shattering the glass. Have students describe what happened to the dot.

Emphasize that this might be evidence of the glass bending or it just might be evidence of the mirror
and glass bouncing a bit. Say that keeping the mirror and glass from bouncing might help us better
determine if the glass is actually deforming. Have a student mark the bottom edge of the laser dot on
the chart paper. Explain that this is so we can see if it moves from that position after we put
something on top of the glass.

Place a cup half-filled with rocks in the middle of the glass but out of the way of the laser beam.
Explain that the weight of the rocks resting on the glass will apply a force to the glass. Have a student
mark the bottom edge of the laser dot and report if it moved from the previous position. They should
say yes.

Ask students to add a record of this set of observations on their handout.
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5 - MAKE PREDICTIONS AND ANALYZE CONCRETE LOAD TESTING PHOTOS

MATERIALS: science notebook

4 min

Organize students in a semicircle around the projected slides. Project slide L. Say, We have figured out something about how glass behaves
when a force is applied to it from something else making contact with it, but what about something like the floor that is made from a material like
concrete?

Make predictions. Ask students the question on the slide and take a poll. Use a quick count of thumbs up and thumbs down to check student
predictions. Direct students to write “concrete joint timelapse video” as our last data source on the last empty blank in the “Data source”
column of their handouts.

Analyze the results from the concrete testing. Display slide M. Tell students that the images they will be analyzing were from a video of
engineers testing how a concrete joint responds to different amounts of contact force applied to it. Explain that they are going to see
timelapse of a video from such a test where engineers slowly increase the amount of downward force applied to the concrete joint and then
observe how the joint responds. The timelapse was sped up 64x from the original speed so we can see if any changes occurred in a shorter
period of observation time rather than watching the entire test in real time.

Have students look for changes in the video. Before pressing play say, As the video plays, the engineers are applying a greater amount of
downward force. Watch closely so we can see if there is any change in shape associated with the force they are applying to the joint. Start the video
https://youtu.be/MVkmrG]BQAo and allow the video to play once in entirety. Ask students if they want to see any of the video again, and
replay if students wish to see it a second time. Give students a chance to record their observations on their handouts.

Say, OK, weVe seen the results from applying more and more contact force to a concrete joint. Go back now and evaluate all the data weve collected
on the handout to determine if any of it supports or refutes your initial claim. Even if we were in disagreement at the start of the period, all the
different data we analyzed should provide us adequate evidence to evaluate those initial claims and, if needed, revise them so we are all in consensus
on what common claim we can now all make about our original question.

openscied.org Unit 8.1+ Lesson 3 « 10/1/25

% SUPPORTING STUDENTS IN
DEVELOPING AND USING STABILITY
AND CHANGE

Previous to this activity, students have
looked at collisions by slowing down the
interactions. So far collisions have occurred
too quickly to see without slowing them
down. Now, students are looking at changes
over time that are happening very slowly,
and some of these changes could not be
perceived without speeding up the process.

Students have had experiences with slow
change over time before, such as the rate of
plate movement in OpenSciEd Unit 6.4: What
causes Earth’s surface to change? (Everest Unit).
They also determine that large sections of
rock (in plates) can bend when large forces
are applied to them. If students raise this
idea, emphasize this connection to the entire
class.
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6 - EVALUATE AND REVISE INITIAL CLAIMS

MATERIALS: science notebook, Claim and Observations Organizer

5 min

j|

Q/ Display slide N. Have students open their notebooks to a clean page and write their initial claim. Give students time to answer the

questions on slide W in their notebooks. Refer students back to their observations organizer on the handout to help them determine
if the data support or refute their original claim and summarize how the evidence from our investigations helps support or refute their initial

claim.*
ASSESSMENT Building towards: 3.A Construct and revise a written argument using evidence from various sources of data
OPPORTUNITY (slow-motion videos, photos, and firsthand investigations) to support or refute the claim that all objects do

bend or change shape when pushed in a collision.

What to look/listen for: By this point in the lesson, students should provide evidence and support or refute
their original claim to reflect that all objects do bend or change shape when pushed in a collision.

What to do: If students are not in agreement that all objects bend or change shape in a collision, observe what
evidence the students have collected in their organizers to verify that the evidence was recorded correctly. If
any evidence was not recorded accurately, have students review that part of the investigations and compare
this with their evidence on their handouts. Ask students to refer to the evidence collected from the laser
investigations and the concrete joint video to support or refute their original claim. All the observations made
by students should provide evidence that the objects are changing shape or bending as a force is applied. The
one exception would be the head of the golf club when it strikes the golf ball. But by the end of the lesson,
students should be able to argue that it too may actually bend or change shape, but this may be occuring at too
small of a scale for us to see in the video. If students are still struggling with this concept, pull up each video
again at the start of the next lesson and/or go over the glass demonstration individually with students, making
sure that they are observing that the objects are indeed changing shape when a force is applied. Pointing out
the observations and helping students connect the observations to their claim will help students understand
the key idea.

Introduce a new word. Say, We have been talking a lot about objects bending or changing shape. Scientists

call this deformation. When an object bends or changes shape, it deforms.

Add deform to the Word Wall.%
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% SUPPORTING STUDENTS IN
ENGAGING IN ARGUMENT FROM
EVIDENCE

During the course of the lesson, students
have engaged in investigations to determine
if all objects bend or change shape in a
collision. Students are now given the chance
to go back and revise their thinking around
their initial claim. By using evidence from the
investigations, students reason why they
support or refute their original claim.

% ATTENDING TO EQUITY

Emerging Multilingual Learners: A Word
Wall will become a useful space for recording
a shared meaning of new words as students
develop a deeper meaning for them. When
developing new vocabulary, some strategies
that may benefit emerging multilingual
learners are to use student-friendly
definitions, make connections to cognate
words when possible, and include a visual
representation of the word. Students may
find it helpful to have you add additional
images of objects deforming, both
permanently and temporarily, next to the
word deform on the Word Wall in the next
lesson as well.
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7 - NAVIGATION

MATERIALS: science notebook

8 min

Poll students over concrete joint findings. Remind students of the images of the concrete joint that they have previously viewed. Point out
that the object was seemingly very strong and rigid before the test, but it ended up deforming quite a bit before breaking. It deformed even
though it appeared very solid and rigid at the start.

Display slide O to gather results on the poll for this question:
¢ How many of you were surprised by the results of the concrete joint test?

Have students give a thumbs up if they were surprised and a thumbs down if they were not surprised.
Say, The engineers applied more and more force to the joint, and it made it deform before it broke.

Display slide P to gather results on the poll for this question:
¢ Do you think that the concrete joint began to deform with a small amount of contact force at the start of the test or did it take a lot
more force to start bending it?

Have students give a thumbs up if they think it started bending with a small amount of contact force applied to it and give a thumbs down if
they think it didn't start bending with a small amount of contact force applied to it and it needed more force before it started bending.

Say, We have seen how a sponge, a piece of glass, and a concrete joint behave when a force is applied to them. Let’s consider how all objects respond
to any amount of forces applied to them, since ultimately we want to explain what happens in all collisions that causes objects to get damaged in
some cases but not others.

Make predictions. Show slide Q. Have students discuss the two questions on the slide with a partner:
¢ Do you think applying any amount of force to any solid object would cause it to bend?
¢ How could we design an investigation like the engineers did with the concrete joint test to figure out if any amount of force would
cause any solid object to start bending or change shape?

After discussing these questions, say, | am interested in hearing what you all think. Lets plan to share the ideas you discussed with your partner and
also make a plan to investigate your ideas further in our next class.
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LESSON 4: How much do you have to push on any object to get it to deform
(temporarily vs. permanently)?

PREVIOUS LESSON We made a claim about whether all solid objects change shape when pushed during a collision. We analyzed slow-motion videos, carried out an investigation
with a laser and a mirror, and analyzed a concrete joint load testing video. We used these sources of data to argue for whether our original claims are supported
or refuted by the evidence

THIS LESSON We plan and carry out an investigation to look at the relationship between contact force applied and the amount
of deformation that occurs in different materials. We graph our data and compare these graphs to those from
other materials tests. We develop a model to represent the elastic and nonelastic behavior of all solid objects in

response to varying amounts of force applied to them.

INVESTIGATION

2 days

NEXT LESSON  We will carry out investigations to explore the strength of forces between two objects when they collide. We will plan and carry out an investigation about how
different speeds and masses of objects affect the amount of peak force on each object. We will develop and use a model to represent the relationship between
the energy of a moving object and the strength of the peak forces from a collision.

BUILDING TOWARD NGSS | WHAT STUDENTS WILL DO

MS-PS2-1, MS-PS2-2, MS-PS3-1, | 4.A Plan an investigation, identifying controls to keep constant, and carry out the investigation to produce data to serve as the basis for evidence to
MS-ETS1-2, MS-ETS1-3, MS-LS1-8 | develop a mathematical model for the relationship (pattern) between the amount of force applied to an object and the amount it deforms.

4.B Analyze and interpret graphical data (patterns) from tests of compression force vs. amount and type of deformation (temporary vs.
permanent) to provide evidence that supports an argument that all objects behave elastically up to a specific limit beyond which permanent
damage occurs (stability and change).

WHAT STUDENTS WILL FIGURE OUT

¢ All solid objects deform elastically when force is applied to them, up to a point.

¢ Different objects have different elastic limits, which is the maximum amount of deformation an object can withstand, beyond which it will
deform permanently.

« Different objects have different breaking points, which is the maximum amount of deformation an object can withstand, beyond which it will
crack or split apart.

¢ The type of material, the shape, and the thickness of an object all affect (a) how much it deforms when a force is applied to it, (b) its elastic
limit and, (c) its breaking point.

openscied.org Unit 8.1+ Lesson 4« 10/1/25 Page 91



Lesson 4 - Learning Plan Snapshot

4 min

NAVIGATION

Reflect on what we figured out in Lesson 3 and consider how to test how much force it
takes to bend or change the shape of any solid object any amount (permanently or
temporarily).

I Y S Y I S
1 A

2 7 min PLAN AN INVESTIGATION: MATERIAL DEFORMATION LAB Material Deformation Equipment Demonstration
Introduce the materials we will use in the investigation and demonstrate what the push-
pull spring scale measures.
3 7 min EQ/ IDENTIFY THE VARIABLES IN THE INVESTIGATION B-C  Independent, Dependent, and Controlled Variables,
— Discuss what the independent, dependent, and controlled variables would be for this Deformation Results, Investigation Procedures, chart paper,
investigation. markers
4 12 min CARRY OUT THE MATERIAL DEFORMATION LAB Independent, Dependent, and Controlled Variables,
Collect data in the Material Deformation Lab. Deformation Results, Investigation Procedures, impact goggles,
Material Deformation Lab
5 10 min [@ CONSTRUCT AND COMPARE GRAPHS D-H  Deformation Results, ruler (or straight edge like a wood
— Graph data from the Material Deformation Lab and draw and compare trend lines for stirrer), Example Line of Best Fit
their data.
6 3 min NAVIGATION G Deformation Results
Make predictions about trend lines for other materials tested.
End of day 1
7 5 min NAVIGATION H Deformation Results
Compare lines of best fit between different materials tested in the class using a jigsaw
strategy.
8 12 min GATHER INFORMATION I} Results from other materials tests
Gather additional information about materials testing.
9 15 min ADD TO OUR PROGRESS TRACKER K
Discuss key ideas we figured out in a Consensus Discussion to update the class Progress
Tracker.
10 10 min [@ ARGUING FROM EVIDENCE L
— Evaluate a claim using evidence.
1 3 min NAVIGATION M
Discuss ideas about collisions in which both colliding objects are moving.
End of day 2
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Lesson 4 - Materials List

e e T oy

Material Deformation Equipment
Demonstration materials

Material Deformation Lab materials

Lesson materials e Independent, Dependent, and Controlled
Variables

Deformation Results

Investigation Procedures

science notebook

impact goggles

ruler (or straight edge like a wood
stirrer)

¢ Results from other materials tests

Materials preparation (20 minutes)

Review teacher guide, slides, and teacher references or keys (if applicable).

2 bricks

2 or 4 wood stirrers or
Styrofoam strips

1 push-pull spring scale (10 N)
1 metric ruler

Make copies of handouts and ensure sufficient copies of student references, readings, and procedures are available.

Prepare a single class set of Investigation Procedures to reuse across classes.

Make one double-sided copy of Results from other materials tests per student.

If you are using science notebooks (9.75" x 7.5") and you have a paper cutter, trim all handouts to fit in the notebooks.

Make one copy of Example Line of Best Fit to introduce as a reference to add to the Word Wall for all your classes at the end of day 1 of this lesson.

Day 1: Material Deformation Equipment Demonstration
¢ Group size: whole class

e Setup
¢ Put two bricks on a lab table, 14 cm apart.
¢ Bundle and tape 3 wood stirrers together at both ends (using transparent tape).
¢ Leave a piece of duct tape out for taping one end of the stirrers down to one brick. Regular cellophane tape may work as well.
¢ Collect a class set of push-pull spring scales (10 N).
openscied.org Unit 8.1+ Lesson 4« 10/1/25

2 bricks

3 wood stirrers taped together

a piece of duct tape or cellophane tape
Truler

15 10-N push-pull spring scales
1digital scale

transparent tape
extra wood stirrers and styrofoam strips
(10-15 each)

chart paper
markers
Example Line of Best Fit
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Set out 1 digital scale and 1 ruler.

¢ Storage: All materials can be stored and reused indefinitely.

Day 1: Material Deformation Lab

¢ Group size: 3 students

e Setup

o Safety:

Prepare strips of %4"-thick Styrofoam by marking lines 2 cm apart down the length of 8.5 x 11 inch long Styrofoam panels, making
strips that are 11inches long by 2 cm wide. Cut along the lines with a utility knife or box cutter, using the side of a ruler as a cutting
guide.

Place supplies in a common area for students to pick up: Styrofoam strips, wood stirrers, and transparent tape.

Place two bricks, one ruler, and one push-pull spring scale (10 N) at each testing station.

Note: if you run short of foam strips or wood stirrers, you can use any extra rice noodles from lesson 2 as a substitute material.
Wood stirrers should break easily under 10N, if they are 4 mm or less thick. In recent years, some manufacturers have started
producing thicker wooden stirrers (6 mm of more) in response to customer complaints about the flimsiness of the earlier 4 mm
thick versions. These thicker wooden stirrers may have a breaking above 10N, which is above the upper limit of your push-pull
spring scale. You can still use these stirrers however, if you reduce their width, but not their thickness nor length. You can reduce
their width with scissors by cutting them down the length of their spine. This will reduce their breaking point (about in half). You
can do the same thing with foam strips too, reducing their width when you cut them out to reduce their breaking point.

Wear safety goggles or glasses during the setup, hands-on, and take-down segments of the activity.
Never eat any food items used in a lab activity.

Make sure all other fragile items are removed from the test area.

Secure loose clothing, remove loose jewelry, wear closed-toe shoes, and tie back long hair.
Immediately pick up any items dropped on the floor so they do not become a slip/fall hazard.
Follow your teacher’s instructions for disposing of waste materials. Wash your hands with soap and water immediately after completing this activity.

¢ Disposal: Used wood stirrers and Styrofoam can be thrown away in the trash.
¢ Storage: All materials can be stored and reused indefinitely.

openscied.org
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Lesson 4 - Where We Are Going and NOT Going
Where We Are Going

Most solid objects that are made of material that is relatively stiff don't appear to exhibit elastic behavior when observed with the unaided eye. However, all solid objects are springy or elastic
(up to a point,) and this can be determined through measurements at a different scale. When forces are applied to objects, they will change shape and will spring back to their original shape
when those forces are removed as long as those forces don't exceed an object’s elastic limit.

The elastic limit of an object is dependent on its material type and thickness. Once applied forces exceed that elastic limit, permanent deformation occurs to the object. This can be thought of
as a type of damage. If external forces on the object increase further, they will eventually reach the breaking point of the object (where fracturing occurs). Different materials have different
elastic limits and different breaking points.

The relationship between the force applied to an object and the amount it deforms when it exhibits elastic behavior is linear for all solid objects. The slope of this relationship is different for
different types of materials. For example, a 1-cubic-inch cube of rubber will deform 0.0001 inches per 1 lb. of compression force applied to it, steel will deform 0.0001 inches per 30,000 lb.
of force applied to it, and diamond will deform 0.0001 inches per 1,700,000 b. of force applied to it.

The region of elasticity of all solid objects helps explain why objects push back on things that push on them. It provides a mechanism for explaining why objects in contact exert equal and
opposite forces on each other, why collisions can cause changes in motion in the objects that collide, and why objects are damaged in some cases but not damaged in others.

Working with linear and nonlinear relationships is a target of one element of the SEP for analyzing and interpreting data in the middle school grade bands. It is also a target of the CCMS in 8th
grade. This lesson is the first introduction to working with linear and nonlinear relationships in graphs in OpenSciEd. Students will revisit the use and development of other linear and nonlinear
models for data they collect later in this unit and in subsequent 8th grade units, such as OpenSciEd Unit 8.2: How can a sound make something move? (Sound Unit) and OpenSciEd Unit 8.3: How
can a magnet move another object without touching it? (Magnets Unit).

This lesson leverages students experiences with planning an investigation where they identify an independent and a dependent variable and variables to keep constant. A standard structure
on the handout for planning an investigation and identifying variables in this lesson is one that students will have used in prior OpenScikd units. That should help make the investigation
planning in this lesson a very familiar process. Even so, you will build an anchor chart as a reference for that planning process since this is the first lesson in 8th grade where students will have
encountered it, and it will be useful for them to refer to in future lessons (e.g., the next lesson) and across all subsequent 8th grade units in the OpenSciEd sequence.

Where We Are NOT Going

The linear relationship between force and deformation is not a disciplinary core idea. The spring-like behavior of solids should be considered an important concept as it is cited in the
Framework for NGSS: “The role of forces between particles also begins to be discussed in grade 6--topics include the recognition that particles in a solid are held together by the forces of
mutual attraction and repulsion (which act like springs)” (p. 237). This lesson, however, makes no attempt to address that there are forces between particles that make up solid matter.

The elastic limit of an object is not only dependent on its material type and its thickness but also on the cross-sectional area to which the compression or tension force is applied. No attempt is
made to introduce this idea, which is connected to the ratio of stress to strain an object exhibits during elastic behavior (Young's modulus of elasticity). Known values of the ratio of force vs.
deformation for elastic behavior of known materials based on Young's modulus of elasticity were derived for 1-cubic-inch samples in the shape of a cube for the table used in Deformation
Results. Force vs. deformation data used in Deformation Results were extrapolated from machine-produced results in the graphs reported in Khlystov, N., Lizardo, D., Matsushita, K., and Jennie,
Z.(2013). Uniaxial Tension and Compression Testing of Materials 3.032 Lab Report. Retrieved from http://web.mit.edu/dlizardo/www/UniaxialTestingL.abReportVé.pdf.

Engineers typically graph force vs. deformation relationships using slightly different measures: stress vs. strain. Stress is the force per unit area. This is typically plotted on the x-axis of a graph,
and the corresponding ratio of deformation to the original object’s length (strain) is typically plotted on the y-axis. One reason for this graphing convention is that it allows easier calculation of
potential energy stored in the object, which can be done by integrating the area under the curve of stress vs. strain. Such calculations, however, are not a target idea in the NGSS in this grade
band nor in high school. We wanted to make teachers aware, however, of the rationale for why in this lesson we flipped the axes on which force and deformation are typically displayed. The
rationale is this: in this lesson, where force is the independent variable and deformation is the dependent variable, force is plotted on the x-axis and deformation is plotted on the y-axis, as per
typical conventions when developing mathematical models of quantitative relationships.

Students are introduced to qualitative fitting of a trend line to a scatter plot of data in this lesson. No attempt is made in this or other 8th grade OpenScikd units to introduce linear regression

to find this line. This is beyond the expectations for 8th grade Common Core Standards in mathematics. No attempt is made to calculate the slope of this line, though the data in the data table
on the last page of Deformation Results are derived from the slope of such lines.
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LEARNING PLAN for LESSON 4

1- NAVIGATION 4 min

MATERIALS: None

Recall what we figured out. Say, In our last lesson, we looked at slow-motion videos of really rigid objects, used a glass and laser setup, and looked
at a video of engineers testing a concrete beam. We figured out that even really rigid things can bend or change shape in collisions. We had some
questions at the end of Lesson 3 about how any amount of force would affect solid objects.

Discuss ideas with a partner. Present slide A. Say, What were some of your ideas for how we could figure out if any amount of force would cause
any solid object to start bending or to change shape? Turn and talk with a partner about the questions on the slide.
¢ What were some of your ideas for how we could investigate if any amount of force would cause any solid object to start bending or
change shape?

Say, In the concrete beam investigation, we noticed the beam bending and then cracking and then breaking into a lot of pieces. How much force do
you think it takes to bend or change the shape of any solid object any amount either permanently, like when it breaks, or temporarily, like when it
bends and bounces back to its original shape?

¢ How much do objects deform before they break?

¢ How could we tell how much force it takes to deform objects, either permanently or temporarily?
Listen for ideas such as these:

¢ More rigid or thicker materials take more force to deform or break.

¢ Very small forces might not cause really rigid or thich objects to deform or break.

¢ We need a way to measure the amount of force applied to an object.

¢ We need to test different materials using different amounts of force.

Say, I have some materials that | brought in for us to use. Let’s see how we could use them to investigate some of the things you suggested.

2 - PLAN AN INVESTIGATION: MATERIAL DEFORMATION LAB 7 min

MATERIALS: Material Deformation Equipment Demonstration

Introduce the materials and how they can be used for the investigation. Go through the process
below with students standing around a demonstration table.

Show the bricks and how materials can be positioned to test how much they deform in a similar way
to how the engineers tested the concrete beam.

Introduce push-pull spring scales. Say, We have a tool we can use to apply a certain amount of force to
an object and measure how much force we are applying. This tool is called a push-pull spring scale. You may
have seen similar scales used to weigh things like luggage, fish you catch, and produce at the market.
Scientists, engineers, and others use tools like this to determine the amount of force they are applying to an
object. Let’s see how these work.

ADDITIONAL Determine the mechanism for calibrating your push-pull spring scales. Before you pass these out, you may
GUIDANCE want to just double-check they all read “O” when they are held with the hook end down.

openscied.org Unit 8.1« Lesson 4+ 10/1/25 Page 96



Pass around a push-pull spring scale to each group of two or three students.

Suggested prompt Sample student response

Take one spring scale and push on the rod. What happens to the It feels like more force back on you the further you push the
amount of force you feel when you push on it further? spring in.

When you push it in further, you feel a bigger force and the

What do you notice about the numbers on the spring scale when you
numbers show a bigger number.

push on it with more force?

Introduce force units. Say, In science, when we use numbers to measure something, we like to include the units that we are measuring in, like meters,
feet, seconds, and hours. Sometimes engineers measure the amount of force in pounds, and sometimes they use newtons. We will use newtons. Your
push-pull spring scales have markings on them that range from zero to 10 newtons, or capital N. Let’s see how many pounds of force correspond to 5

newtons versus 10 newtons on the scale.

Demonstrate how the amount of force that registers on the push-pull spring scale (in newtons)
corresponds to a similar change that would be registered on a digital scale measuring the force from
the weight of an object on it. Demonstrate that pushing down with 5 N force results in a measured
force that is the same as a weight of just over a pound (~1.1 b.). Push down with a 10 N force and show
that the weight on the digital scale doubles to about 2.2 lb.. Emphasize that both scales--the push-
pull spring scale and the digital scale--are force measurement devices.

Explain that students can use this spring scale to apply more or less force to the object they are
testing. Explain that you are going to demonstrate the kind of testing we could do with an example
object: a 3-layer-thick beam of wood. Show the set of three wood stirrers that are taped together.
Explain that different groups will be assigned different thicknesses of wood or Styrofoam strips to test

in a manner similar to your demonstration.
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Place the 3-layer wood beam across the gap between both bricks. Tape down one end of the material
to the brick surface. Place the push-pull spring scale on the 3-layer wood beam and push down with a
2 N force. Ask students what they notice. They should say the wood deforms. Show the ruler that can

be used to measure how much the beam deforms.

Say, Let’s use what we've seen about this equipment so far to identify and document the variables in our experiment we want to change, measure, and

control.

3 - IDENTIFY THE VARIABLES IN THE INVESTIGATION 7min
MATERIALS: Independent, Dependent, and Controlled Variables, Deformation Results, Investigation Procedures, science notebook, chart paper, markers

Identify the variables in the investigation. Distribute to each student a copy of Independent, Dependent, and Controlled Variables and %k SUPPORTING STUDENTS IN
Deformation Results. Have students take these back to their seats and tape both in their notebooks. Continue planning the rest of the ENGAGING IN PLANNING AND
investigation together as a class. CARRYING OUT INVESTIGATIONS

Ask students to record the investigation question, How much do you have to push on any object to get it to deform (temporarily vs. permanently)?,

on their copy of Independent, Dependent, and Controlled Variables. Project slide B. Students will be planning other

investigations by identifying these variables
in future lessons in this unit and in other
units in this grade. Having an anchor chart

% Draw on chart paper a sketch of the beam between two bricks they will be testing.
Independent Dependent and their copy of Independent, Dependent,

Variable Vasiable . .
Discuss what the independent and dependent variables would be for this experiment. Review what The amaunt ;fy The, amaust and Controlled Variables will be a helpful
independent and dependent variables are in general, as needed, using the text on Independent, e et reference to serve as an example to work
L from as needed, for the remainder of their

Dependent, and Controlled Variables. I A5 Ne
investigation plans at the start of the year.

Add these definitions to the Word Wall:
¢ Independent variable--this is the variable to change each time you test.
¢ Dependent variable--this is the variable to observe the effects caused by a change in the
independent variable.

If students are struggling with the ideas of
variables, you may need to review some
examples from previous investigations they
have done in prior years. OpenSciEd units

Add this supplementary text in a different color, if needed, to further explain the variables: will have mUItlpl§ examples to draw from in
¢ Independent variable--this is the variable to change each time you test. This is what you are the following units:
manipulating in the experiment. o Open$c1Ed Unit6.2:Howcan
o Dependent variable--this is the variable to observe the effects caused by a change in the containers keep stuff from warming
independent variable. This is the results variable. l(lJP fi)f cooling down? (Cup Design
ni
Ask students what the independent and dependent variables are for this investigation. Students should say that the independent variable is * OpenSciEd Unit 6.3: Why does a lot
how much we push on an object or the amount of force applied and that the dependent variable is how much it deforms. Add this to the of hail, rain, or snow fall at some
anchor chart. Have students record these as the independent and dependent variables for their investigation. times and not others? (Storms Unit)

e OpenSciEd Unit 7.1: How can we
make something new that was not
there before? (Bath Bombs Unit)
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ASSESSMENT
OPPORTUNITY

Building towards: 4.A Plan an investigation, identifying controls to keep constant, and carry out the
investigation to produce data to serve as the basis for evidence to develop a mathematical model for the
relationship (pattern) between the amount of

What to look/listen for: Look for students to do the following in the planning of the investigation:
¢ identify the independent variable as the amount of force applied to an object,
¢ identify the dependent variable as the amount of deformation in the object, and
e identify control variables, including where the force is applied and how much of the object overlaps
the two supports (bricks) in each test.

What to do: If students are struggling with the ideas of variables, you may need to review some examples from
previous investigations they have done in prior years. OpenScikd units will have multiple examples to draw
from in the following units:
OpenSciEd Unit 6.2: How can containers keep stuff from warming up or cooling down? (Cup Design Unit)
¢ OpenSciEd Unit 6.3: Why does a lot of hail, rain, or snow fall at some times and not others? (Storms Unit)
e OpenSciEd Unit 7.1: How can we make something new that was not there before? (Bath Bombs Unit)
e OpenSciEd Unit 7.3: How do things inside our bodies work together to make us feel the way we do? (Inside
Our Bodies Unit)
¢ OpenSciEd Unit 7.4: Where does food come from, and where does it go next? (Maple Syrup Unit)

Remind students that we have a way to measure the amount of push by reading the amount of newtons on the push-pull spring scale. Ask
for ideas about how to measure how much the object bends or deforms. Help students narrow in on the idea of recording the height of the
beam before and after they push on it.

Discuss some things that would be important to keep constant in the investigation and
add them to the experimental setup diagram. If students don't suggest the placement of

the object and the scale as things to keep constant, ask if the location of the spring scale Independent De ‘a‘i't‘:
on the material would affect the results and if the distance between the bricks and the _L‘i‘;‘;kl‘——d _;"&_——t- h
amount of overlap of the material on the bricks would affect the results. Suggest that all —E}L& M.ﬁ:nipp' v % &“‘_’("‘ﬁ"immeﬁ

groups test their objects in the center of the beam and make sure that their beams
overlap the bricks by the same amount. A 2- or 3-cm overlap is suggested. Whatever
you pick as a class, write the measurement on the anchor chart. Have students record
these variables to keep constant on their Independent, Dependent, and Controlled
Variables handout.

+0 +he material l

\\\://

Post and save a copy of this anchor chart for students to refer to in this unit and future
units.%k

Assign groups their materials to test. Have students record which material you assigned Constants |

them to test above their data table on Deformation Results. The different options are as *Overlap on bricks( lw)b- (Lenter)
follows: a single wood stirrer, two wood stirrers stacked together, a single Styrofoam “Apply foree ok ame l“‘."l ’Z:.P d
strip, or two Styrofoam strips stacked together. Tell groups to replace their materials with ’ m w;mgfd) s
extras of these if after a test, it shows evidence of permanent deformation but has not

yet cracked or broken into separate pieces.

Distribute Investigation Procedures to students. Project slide C. Tell students to use the procedure described on the Investigation Procedures
handout to record the data from their investigation on the Deformation Results handout. Give students a couple of minutes to look through
the procedure and then ask if there are any questions.
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e OpenSciEd Unit 7.3: How do things
inside our bodies work together to
make us feel the way we do? (Inside
Our Bodies Unit)

e OpenSciEd Unit 7.4: Where does food
come from, and where does it go
next? (Maple Syrup Unit)
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4 - CARRY OUT THE MATERIAL DEFORMATION LAB 12 min

MATERIALS: Material Deformation Lab, Independent, Dependent, and Controlled Variables, Deformation Results, Investigation Procedures, science notebook, impact goggles

Monitor lab work.% 3% Check that groups are involving all members in the data collection. This is a lab that requires different roles in the data 3 SUPPORTING STUDENTS IN
collection process, such as the following: ENGAGING IN PLANNING AND

¢ someone to apply a given amount of force CARRYING OUT INVESTIGATIONS
¢ someone to measure amount of deformation and whether the material becomes permanently deformed or returns to its original

shape after the force is removed

. Encourage students to make careful
¢ someone to record these results to share with the other group members after all data are collected g

observations and measurements in this
investigation as they will be graphing their
data to look for patterns that serve as
evidence for cause-and-effect relationships
among the amount of applied force, the type
and thickness of the tested material, and the
resulting permanent or temporary
deformation.

% SUPPORTING STUDENTS IN
DEVELOPING AND USING STABILITY
AND CHANGE

Ask students to wait on graphing their data until all groups have completed collecting their data.

As students work, probe their thinking about
the relationship between the type and
thickness of the material tested and the
amount of force needed to cause both
permanent and temporary deformation.
Listen for ideas about the elastic nature of
different materials and how they can remain
stable and return to their original shape but
only to a point. Students should recognize
that even small amounts of force are causing
elastic deformation (stability) in these
materials, and then when enough force is
applied, these materials deform
permanently (change).

5. CONSTRUCT AND COMPARE GRAPHS 10/min
MATERIALS: Deformation Results, ruler (or straight edge like a wood stirrer), science notebook, Example Line of Best Fit

Assign new pairs of students to work together. Pair each student so that they are working with someone with results from a different % SUPPORTING STUDENTS IN

material testing group (either a different material or a different thickness of material or both). ENGAGING IN ANALYZING AND

Motivate determining common axis values. Say, In order to compare data between you and your partner, each of you is going to have to use the INTERPRETING DATA

same intervals on your x-axis. And you are going to need to use the same intervals on your y-axis. To determine what those should be, first look at the
maximum value for each of those across both of your sets of data. Then, talk about how you can stretch out your axis to use as much of the graph
paper as possible and still have room to plot the maximum x value and maximum y value. Each person only needs to plot their own data set, but

By 8th grade students should be able to
construct, analyze, and interpret graphed
data and identify linear and nonlinear
relationships. Ultimately, students should

openscied.org Unit 8.1+ Lesson 4+ 10/1/25 Page 100



both of you need to set up the same agreed-upon set of intervals for your axes before you plot your data. When you plot your data, be sure to use an
open circle anywhere the beam returned to its original shape after the weight was removed, use a closed circle anywhere the beam was damaged
from the weight that was added, and use an “x” at any point where your beam cracked.

% Observe Deformation Results for how students develop their graphs.

ASSESSMENT
OPPORTUNITY

Building towards: 4.B.1 Analyze and interpret graphical data (patterns) from tests of compression force vs.
amount and type of deformation (effect) to provide evidence that supports an argument that

What to look/listen for: student graphs should include the following:

¢ the x-axis labeled as the force applied to the object (in N)

¢ the y-axis labeled as the amount of deformation in the object (in cm)

e stretching out the intervals to maximize the use of the graph paper while still capturing the highest x
value and highest y value

¢ equal intervals identified on each axis

¢ astraight line of best fit through the data that are represented with points drawn as open circles
(anywhere the beam returned to its original shape after the weight was removed)

What to do: Since this may be the first time students have drawn a trend line in 8th grade, talk with your math
teachers in 8th grade to determine when students will be encountering this idea in their math class. Itis a
CCMS target learning goal for 8th grade.

If students struggle with these graphing skills, coordinate with the grade-level math teacher to ask about
additional contexts that students may be familiar with from math class that they can practice applying these
skills to. These examples can be a useful reference for students. You may want to post these as anchor charts in
your class to help students see how to transfer to their science class the ideas and skills they are developing in
math.

Introduce the additional data that were collected. Say, Next | want us to talk about how we can develop a mathematical model of the
relationship you see in your data. | have a set of data for us to look at together to help us think about how to do this.

Project slide D. Explain that the data on the slide were collected from three wood stirrers taped together. Emphasize that for every data
point, the object returned to its original shape and position after the force was removed. Give students a minute to look at the graph and
then ask them to share what patterns they notice.%

Suggested prompt Sample student response
What patterns do you notice in the data? The data look a bit scattered.
What tends to happen to the amount of deformation as the amount It tends to increase.

of force applied to this object increases?

Where on the graph do we see evidence of having recorded more than | At 3 N.

one deformation measurement for a certain amount of force?

openscied.org

At7 N.
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identify patterns in data to develop cause-
and-effect relationships about the amount
of force applied to an object and the amount
of deformation that results from the applied
force. Students should be able to explain the
meaning of trends they notice in their data
as well as what an individual data point
represents.
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Describe what a trend line is and how to make one. Say, When you have multiple data points and some of them are for the same value you
plotted for your independent variable, it can be helpful to plot all that data on a coordinate graph like weve done here. What we end up producing is
sometimes called a scatter plot. Because we haven't averaged any of our results yet, it can be useful to think about what the average trend in all of the
data is. One way to do this is to create a trend line to show how close the data are to a linear relationship. Constructing a trend line can be done by
holding up a ruler or straight edge over the graph and shifting its angle and position so that the slope and y-intercept of the line it would make is as
close as possible to all the data points on the graph. This line may pass through some of the points, none of the points, or all of the points. The key is
to try to fit the line as closely as possible to the average trend in the data.

Compare lines of best fit. Project slide E. Ask which line is a better fit to the average trend in the data. Students should say line C.

Say, This trend line is also sometimes called the “best fit line” or “line of best fit" It helps us see that the data might be closer to a linear relationship
than we suspected at first. If we collected and graphed additional data, this line also shows our best estimate of where we would expect that
additional data to fall.

Post a copy of Example Line of Best Fit on the Word Wall. Remember to cover this posting or remove it
before your next class.

Examplo Line of Best Fit

Deformation (in cm) vs. Doy

Instruct students to use an extra sheet of paper to cover the data points on their graph that represent
when the object showed evidence of permanent deformation (these data points will be a solid circle

or an “X"). Students should be looking at only the data points that are represented with an open circle
on the graph.

om)

Deformation (in

Downward force on beam (in N)

Construct trend lines for the data that students collected. Tell students, Sometimes data that don't look
that linear end up looking much more so after we draw a best fit line. Lets see what that looks like for your
data now. Show slide F. Give students a minute to construct on Deformation Results the best fit line for
their own data using a ruler (or wood stirrer) and a pencil or pen. Emphasize that students should only
be considering the data points that are represented with an open circle on the graph.

ADDITIONAL Universal Design for Learning: Students with high interest in materials science or engineering may be curious to

GUIDANCE learn more about how other materials deform in response to contact forces. For those students, you can
encourage them to test other materials or objects at home and bring in a graph to share with the class what
they found. Other materials that are easy to collect data from include strips of cardboard and plastic rulers.

6 - NAVIGATION

3 min

MATERIALS: Deformation Results
If time is short you may need to skip this step and related Turn and Talk.
Project slide G. Ask, Do you think the trend in your data will be similar to or different from the trend in data from other groups? Why or why not?

Students will likely compare their graph to their partners in this discussion. Give students time to do this during this Turn and Talk and tell
them they will have a chance to compare with all the other groups next time.

End of day 1
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7 - NAVIGATION > min

MATERIALS: Deformation Results

If you had time for students to do the Turn and Talk at the end of the previous class, say, At the end of our last class you drew lines of best fit for
your groups data and may have had time to compare it to one other group. Let’s see how it compatres to the rest of the groups.

Groups discuss findings in a jigsaw activity. Project slide H. Ask all students who investigated a single wood stirrer to raise their hand. Count
off by number and have them remember their number. Do the same for the students who investigated two wood stirrers. Do the same for
those who tested single Styrofoam strips. Do the same for double Styrofoam strips.

Instruct students to relocate to meet with all the members of the class who have the same number as them. Give students about 3 minutes
in these groups to compare and discuss what they notice in the different graphs.

Pause small-group discussion and ask 2-3 groups to share similarities or differences they noticed across all the graphs in the group and then

say, Just like the concrete beam data we saw earlier, scientists have studied other materials. Let's see how the patterns in our data compare to data
collected by engineers when they tested different metals.

8 - GATHER INFORMATION 12 min

MATERIALS: Results from other materials tests, science notebook

Make predictions. Project slide I. Read the text on the slide. Point out that the compression machine described is shown in the photo. Have
students turn and talk about their predictions. As students are doing this, hand out a copy of Results from other materials tests to each student.

Introduce the context of the reading. Emphasize that Results from other materials tests will summmarize the results from the materials testing
predictions they made with a partner. Project slide J. Instruct students to read and answer the questions on Results from other materials tests
individually. Tell them that you want to collect this at the end of the period and that the last instruction in the reading is to update their
individual Progress Trackers. Tell students that they should include anything they figured out from the lab and the reading that helps answer
our lesson question when they get to that point as we are going to share our discoveries in a Scientists Circle after this.

Give students the remaining activity time to work on this individually.

ADDITIONAL Extension Opportunity: Students with high interest in materials science or engineering may be curious to learn

GUIDANCE more about how other materials deform in response to contact forces. For those students, you could provide an
opportunity to research how the modulus of elasticity, yield strength, and ultimate tensile strength are related
to things like the linear region of the force vs. deformation graphs, the elastic limit, and the breaking point on
the graphs.
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9 - ADD TO OUR PROGRESS TRACKER

MATERIALS: science notebook

15 min

Lead a Consensus Discussion. Project slide K. Have students prepare a two-column Progress Tracker and record the lesson question in it.

Relocate in a Scientists Circle. Remind students that we first started researching this question by looking at slow-motion collision videos of
cars, a baseball bat, and a golf ball. Ask students what additional sources of data we used to investigate this question since then. Students
should recall four other sources of data. Help students agree on this list to add to their class Progress Tracker:

slow-motion videos of collisions

laser light reflected off a mirror on a piece of glass
concrete beam load video

force vs. deformation lab results (wood and Styrofoam)
compression test results from engineers

Shift to co-developing a list of key ideas that we figured out from our work with these sources of data. Have students look back at what they
wrote in their individual Progress Trackers for ideas. Use prompts similar to these, inviting students to contribute ideas and to work with the
ideas that others contribute:

Use follow-up prompts, such as Do you agree? and Did anyone say the same idea in a different way?, to encourage students to voice agreement
on ideas.

Who can suggest one idea we should add to our Progress Tracker about how materials respond when a force is applied to them?

Is this true for all solids? How do we know?

Can someone summarize an important idea about what it means when we say solids are elastic up to a point?

If all materials are elastic up to a point, what is the difference between a rigid material like steel or glass and something that is more
flexible?

Does someone have an important idea about elastic limits or breaking points related to forces that we haven' included yet in our class
Progress Tracker?

KEY IDEAS

openscied.org

Purpose of this discussion
e Summarize the main ideas about how solid objects respond to forces applied to them and how their
elastic limits and breaking points are affected by the material they are made of, their shape, and
thickness.

Listen for and have students make note of these ideas on their Progress Tracker:
¢ From previous lesson: All solid objects bend or change shape in a collision and when other contact
forces are applied to them.
¢ Allsolid objects deform elastically when smaller amounts of force are applied to them; they will
spring back to their original shape when this force is removed.
e How much a solid object deforms for a given amount of force applied to it is dependent on the type
of material it is made of, its shape, and its thickness.
¢ Different objects have a different
e elastic limit = the maximum amount of force or deformation they can withstand, beyond
which they will deform permanently.
¢ breaking point = the maximum amount of force or deformation they can withstand, beyond
which they will crack or split apart.

Unit 8.1+ Lesson 4+ 10/1/25

% SUPPORTING STUDENTS IN
DEVELOPING AND USING PATTERNS

Students will have evidence of repeating
patterns from their own investigations and
from the investigations of other scientists.
These should help them develop cause-and-
effect relationships describing how contact
forces can cause objects to break in some
cases and not in others. This is an important
sensemaking step in the progress toward
student understanding of the anchor
phenomenon.
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In addition to a summary of the ideas listed in the “What we figured out” section, have

students add to their Progress Trackers a visual representation of the ideas like the one ALL SouLID oBTecTS
shown here. Invite students to explain how these ideas help us answer our lesson
ion.%k rompts like these: >
question.%k Use prompts like these P'is’n U D K‘—‘/" .
¢ Can someone summarize how these ideas help us explain why some contact forces Lile ot Bﬂ' ’ 2::;:.,: o
damage objects and others don't? Push Gpvingy) direcHon oF
¢ How could these ideas help explain why some collisions might cause damage and . i";’jﬁi"
D Obed
others don't; Sy G Gty [ Longin oF
. . w=
Listen for student responses related to the amount of force applied, the amount of Gruaking voant o
deformation that it causes in the material, and whether the force exceeds the elastic Point- %_@gﬁf @— foree
limit of the object and/or its breaking point. 5%:“"’

of matert
frpalotpd gt

akfect — :
e amrind oF debormation duc +o applicd forcz.

-its elastic timit |
cond (k3 brealing point

10 - ARGUING FROM EVIDENCE

tad, the shape and +he fhickness

10 min

MATERIALS: science notebook

Say, We figured out a lot today about the deformation of materials due to forces, and we know that there is a force in a collision. Let’s see if we can
use these ideas to evaluate the claims that a company has recently made about creating an unbreakable screen for a phone.

Argue from evidence. Project slide L. Ask students to use a piece of paper to quickly demonstrate and explain how this might be
possible with a partner. Give students 2 minutes to talk. Look for students to fold or roll the paper without creasing it. Say, In your
notebooks, write an argument to share your thinking about this claim that there is a foldable phone that has an unbreakable screen. Support your

argument using evidence from all our investigations so far.% At the end of this activity, collect science notebooks to review student responses.

ASSESSMENT
OPPORTUNITY

openscied.org

Building towards: 4.B.2 Analyze and interpret graphical data (patterns) from tests of compression force vs.
amount and type of deformation (temporary vs. permanent) to provide evidence that supports an argument
that all objects behave elastically up to a specific limit beyond which permanent damage occurs (stability &
change).

What to look/listen for:

¢ Students make claims and defend their thinking using evidence.

¢ Students are selecting and including multiple sources of evidence from their own and others’

investigations.

¢ Students are organizing evidence so as to be persuasive in support of their claim.
What to do: Use questions to help students to organize and link evidence in support of their claim and to
consider strategies for arguing persuasively for the validity of their claim. Here are some examples:

¢ How does your evidence support your claim?

¢ Does your claim rely on any inferences or assumptions?

¢ Do you have enough evidence to support your claim?

¢ Is there evidence to support a claim that is counter to your claim?

Unit 8.1+ Lesson 4+ 10/1/25

% SUPPORTING STUDENTS IN
ENGAGING IN ARGUMENT FROM
EVIDENCE

This activity supports students in making an
argument that supports or refutes the
advertised performance of a device using
evidence from their own investigations and
the investigations of other scientists. This is
also an opportunity for students to begin to
think about the criteria and constraints that
are important in the design of materials used
to protect fragile things, which will be
addressed later in the unit.
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11- NAVIGATION

MATERIALS: None

3 min

Motivate the next lesson. Say, Weve been thinking about how forces cause the shape of any object to change. And in an earlier lesson we argued
that there are forces involved in a collision. Let’s consider forces in collisions again. Think back to the slow-motion videos we analyzed. All of those

situations we looked at involved one moving object and one motionless object before the collision. What about situations where both colliding objects

are moving, like when a baseball bat and ball collide in a game of baseball? Does the bat hit the ball or does the ball hit the bat? What would be
pushing on what? How about in the case of the golf club and golf ball?

Display slide M. Give students time to discuss the questions on the slide with a partner and tell them we will explore this further in our next

lesson. Remember to collect Results from other materials tests.

Additional Lesson 4 Teacher Guidance

SUPPORTING
STUDENTS IN
MAKING
CONNECTIONS IN
ELA

CCSS.ELA-LITERACY.SL.8.1.C Pose questions that connect the ideas of several speakers and respond to
others’ questions and comments with relevant evidence, observations, and ideas.

CCSS.ELA-LITERACY.SL.8.1.D Acknowledge new information expressed by others, and, when warranted,
qualify or justify their own views in light of the evidence presented.

Both of these ELA goals are the focus of the discussion in the Scientists Circle at the end of day 2 of this lesson
when the class is working together to decide how to update their Progress Tracker. The focus on connecting
questions, sources of evidence, what we observed, and key science ideas from other students in order to create
an agreed-upon set of consensus ideas to add to the Progress Tracker relies on the first ELA goal above.

SUPPORTING
STUDENTS IN
MAKING
CONNECTIONS IN
MATH
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CCSS.MATH.CONTENT.8.F.B.4 Construct a function to model a linear relationship between two quantities.
Determine the rate of change and initial value of the function from a description of a relationship or from
two (x, y) values, including reading these from a table or from a graph. Interpret the rate of change and initial
value of a linear function in terms of the situation it models and in terms of its graph or a table of values.

CCSS.MATH.CONTENT.8.F.B.5 Describe qualitatively the functional relationship between two quantities by
analyzing a graph (e.g., where the function is increasing or decreasing, linear or nonlinear). Sketch a graph
that exhibits the qualitative features of a function that has been described verbally.

Both of these math goals are a focus of the end of day 2 of this lesson when the class is working together to
determine a trend line for a set of data (material deformation due to compression force). Students make a
similar line for the data they plotted in the previous class and compare this to the lines of best fit made for data
sets from other groups. Students also compare graphs of linear relationships for the elastic behavior of other
materials and nonlinear regions in the graph as well. They interpret the graph to identify the point that the
elastic limit of the object is reached and it's breaking limit. They also interpret a table of values describing the
slope of the line in a graph for the elastic behavior of the different materials as the ratio of material deformation
in inches for a certain amount of compression force.

Unit 8.1+ Lesson 4+ 10/1/25
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LESSON 5: How does changing the mass or speed of a moving object before it collides
with another object affect the forces on those objects during the collision?

PREVIOUS LESSON  We planned and carried out an investigation into the relationship of contact force applied and the amount of deformation that occurs in different materials. We
graph our data and compare them to graphs from other materials tests. We developed a model to explain and represent the elastic and nonelastic behavior of
all solid objects in response to varying amounts of force applied to them.

THIS LESSON We carry out investigations to explore the strength of forces between two objects when they collide. We plan
and carry out an investigation about how different speeds and masses of objects affect the amount of peak
force on each object. We develop and use a model to represent the relationship between the energy of a

moving object and the strength of the peak forces from a collision.

INVESTIGATION

2 days

NEXT LESSON  We will look back at questions from our Driving Question Board and answer questions we have made progress on during Lesson Set 1. We will take an
assessment to apply our science ideas to a new context and will determine we need to figure out what causes more damage and energy transfer during a
collision--increases in mass or increases in speed.

BUILDING TOWARD NGSS | WHAT STUDENTS WILL DO

MS-PS2-1, MS-PS2-2, MS-PS3-1, | 5.A Plan and carry out an investigation and identify patterns in the data collected from the investigation to provide evidence that when pealk
MS-ETS1-2, MS-ETS1-3, MS-LS1-8 | contact forces on each object during the collision are equal in strength, the strength of those forces increases when the mass or the speed of the
object that was moving before the collision increases.

@ 5.B Develop and use subsystem models (free body diagrams) to represent how the peak contact forces on two different objects compare in a
collision and how these are related to corresponding changes in the kinetic energy of a moving object before it collides due to an change in its
mass or the speed.

WHAT STUDENTS WILL FIGURE OUT

Objects that make contact with each other apply equally strong forces on each other in opposite directions.

Objects that collide apply an equally strong peak force (maximum force) on each other during the collision.

A free body diagram can help represent the forces on the objects in a collision by considering each object separately.
Increasing the speed or mass of a moving object increases its kinetic energy (KE).

The more KE that objects in a system have, the higher the peak forces they can produce in a collision.
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Lesson 5 - Learning Plan Snapshot

5 min

NAVIGATION
Share predictions about forces between objects in collisions.

I Y % S
1 A

2 6 min EXPLORING FORCE INTERACTIONS WITH FINGERS B-C
3 10 min INVESTIGATING WITH PUSH-PULL SPRING SCALES D-E  Comparing Forces on Two Push-Pull Spring Scales, 2 5-N push-
Investigate how push-pull spring scales can help us see how the forces compare pull spring scales, 1S hook, 2 sticky notes, 1 marker
when two objects gently push or pull on each other.
4 12 min MAKING SENSE OF THE RESULTS AND TESTING FORCE INTERACTIONS F 2 5-N spring scales, 110-N spring scale, chart paper, markers
BETWEEN DIFFERENT-STIFFNESS SPRINGS
Make sense of how push-pull spring scales can help us see how the forces compare
when two objects gently push on each other.
5 8 min PLANNING OUR NEXT INVESTIGATION G-H  Lesson 5: Independent, Dependent, and Controlled Variables,
Plan an investigation to collect data for different collision conditions. chart paper, markers, transparent tape
6 3 min INTRODUCE THE READING Reading: How does touch work?
Orient to the reading that is related to finding out more about our fingers and other
parts of our bodies that are able to detect forces applied to them.
End of day 1
7 5 min NAVIGATION | Lesson 5: Independent, Dependent, and Controlled Variables,

8 8 min @

9 10 min
10 4 min
1 15 min
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Share new insights from the reading. Review what investigation question each group
is going to plan for and carry out and what led us to want to investigate these
questions.

PLANNING OUR INVESTIGATIONS J-K
Identify variables for the investigation and prepare a data table to record the results.

INVESTIGATING FORCE INTERACTIONS WITH DIFFERENT SPEEDS AND MASSES K
Carry out the Peak Force Collision Investigation.

INDIVIDUAL PROGRESS TRACKER UPDATE L
Record and share what students figured out related to the lesson question in their
individual Progress Tracker.

REVISE OUR CLASS CONSENSUS MODEL IN A SCIENTISTS CIRCLE M
Develop a classroom consensus model to represent the results in terms of changes in

the mass and speed of objects in the system and the resulting changes in the peak

forces between the colliding objects.

Unit 8.1« Lesson 5+ 10/1/25

Object Interactions During A Collision

Lesson 5: Independent, Dependent, and Controlled Variables, http
s://youtu.be/HRYcfOPCoRo, computer, projector

Lesson 5: Independent, Dependent, and Controlled Variables,
impact goggles, Peak Force Collision Investigation

colored pencils (black red blue green orange and purple),
Contact Force Interactions poster, chart paper, colored markers
(black, red, blue, green, orange, and purple)
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12 3min @ EXIT TICKET N scrap paper
— Use the consensus model to explain how the strength of the forces between a falling

phone and the ground would compare for three different scenarios.
End of day 2
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Lesson 5 - Materials List

e P, T

Peak Force Collision Investigation
materials

Lesson materials

Comparing Forces on Two Push-Pull Spring
Scales

science notebook

Lesson 5: Independent, Dependent, and
Controlled Variables

Reading: How does touch work?

Object Interactions During A Collision
impact goggles

colored pencils (black red blue green orange
and purple)

scrap paper

Materials preparation (45 minutes)

Review teacher guide, slides, and teacher references or keys (if applicable).

1 aluminum track secured to lab table with painters
tape

2 5-N spring scales attached to 2 carts with hook and
loop fasteners

1 twist tie collar on each spring scale plunger

6 washers

4-5 grams of modeling clay

2 5-N push-pull spring scales
1S hook

2 5-N spring scales

110-N spring scale

Make copies of handouts and ensure sufficient copies of student references, readings, and procedures are available.

Test the video link to make sure it is working:
¢ https://youtu.be/HRYcfOPCoRo

2 sticky notes

1 marker

2 5-N push-pull spring
scales

1S hook

chart paper

markers

transparent tape
https://youtu.be/HRYcfOP
CoRo

computer

projector

Contact Force Interactions
poster

colored markers (black
red

blue

green

orange

and purple)

Make a Contact Forces Interaction poster using two pieces of chart paper for representing the two subsystems in the system (the two carts with spring scales on them) as shown to the right.

Day 1: Spring Scale Investigations

¢ Group size: 6 groups of 3-4
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e Setup: Set aside two 5-N push-pull spring scales and one 10-N push-pull spring scale and one S hook per group (these
hooks are removed from the 5-N push-pull spring scales during the preparation described in Spring scale and cart

modifications and setup).
e Safety:
¢ Wear safety goggles or glasses during the setup, hands-on, and take-down segments of the activity.
¢ Never eat any food items used in a lab activity.
¢ Make sure all other fragile items are removed from the test area.
e Secure loose clothing, remove loose jewelry, wear closed-toe shoes, and tie back long hair.
¢ Immediately pick up any items dropped on the floor so they do not become a slip/fall hazard.

Follow your teacher’s instructions for disposing of waste materials. Wash your hands with soap and water
immediately after completing this activity.
¢ Storage: All materials can be stored and reused indefinitely.

Day 2: Peak Force Collision Investigation
¢ Group size: 6 groups of 3-4

Refore +he col lision

Durin q the colliston

¢ Setup: See Spring scale and cart modifications and setup for directions on how to prepare the spring scales for day 2 of the lesson. The preparation of the spring scales and stations will

take 30 minutes of the total preparation time for this investigation.

e Safety:
¢ Wear safety goggles or glasses during the setup, hands-on, and take-down segments of the activity.
¢ Never eat any food items used in a lab activity.
e Make sure all other fragile items are removed from the test area.
¢ Secure loose clothing, remove loose jewelry, wear closed-toe shoes, and tie back long hair.
L]

Immediately pick up any items dropped on the floor so they do not become a slip/fall hazard.

¢ Follow your teacher’s instructions for disposing of waste materials. Wash your hands with soap and water immediately after completing this activity.

¢ Storage: All materials can be stored and reused indefinitely.
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Lesson 5 - Where We Are Going and NOT Going
Where We Are Going

In day 1students figure out that it takes two objects to create a force and that forces come in pairs. When two objects touch, the first applies a force on the second and the second applies a
force on the first. They then use spring scales to figure out that these forces have the same strength. Finally, in their investigations on day 2 students will figure out that during a collision the
forces on each object are the same strength but opposite in direction, regardless of the speed of the objects and the masses of the objects in the collision. They will connect this outcome and
the results that different groups produced to identify two causes for increases in the peak forces on both objects in a collision. One of these is an increase in the mass of a moving object, the
other is an increase in the speed of a moving object, and both of these lead to an increase in kinetic energy of the object. The generalized understanding that students develop of the
connection between energy and forces is that the more kinetic energy that objects have, the higher the peak forces they can produce in a collision with another object.

This lesson leverages student experience with planning an investigation elicited in the previous lesson. In that lesson, as in this one, they identified an independent and a dependent variable
and variables to keep constant. A standard handout for planning an investigation and identifying variables was introduced for the first time in this grade band in the previous lesson. But that
handout is one that they have used in prior grade OpenScikd units. The structure of that handout is the same as the one they are using in this lesson: Comparing Forces on Two Push-Pull Spring
Scales. That should help make the investigation planning in this lesson a familiar process.

This lesson leverages students’ prior thinking about systems elicited at the end of Lesson 2, where the class develops a system model similar to the one they are drawing now where one part of
the system model was taking an energy perspective view of the phenomenon and the other part of the system model was taking a force interaction view of the phenomenon. You may want
to refer to the Lesson 2 model at the end of this lesson. In future lessons you will want to refer to the system model you develop on chart paper at the end of this lesson.

In physics and engineering, a free body diagram is a graphical illustration used to visualize the applied forces on a body or object in a given condition. In such diagrams, the object is often
represented as a box (or dot) and the forces acting on it are shown as straight arrows pointing in the direction they act on the body. Students will be introduced to standard conventions for
representations for the external forces on that object that include the following:

¢ The direction of the force arrow indicates the direction of the force applied on the object.

¢ Differences in length of an arrow represent differences in the relative magnitude of a force.

¢ The tip of the arrow indicates the surface on which the contact force pushes.

There is an important reading for students to do before Lesson 6. It introduces students to how the sense of touch works and how this is connected to other structures that relay information to
and from the brain. It is designed to be assigned as home learning at the end of day 1 of this lesson. In the reading students will be introduced to the structure of neurons and a substructure of
these cells: axons. In Lesson 6, they connect the structure and function of axons to ideas they have developed about breaking point, contact forces, and kinetic energy to explain phenomena
related to concussions in sports (and likely sources of it). This is one of many readings in the OpenScikEd program that are spread across multiple units and are designed to target different parts
of ideas related to MS-LS1-8.

Where We Are NOT Going

Students will not be using free body diagrams to represent coordinate systems since the grade-band focus of forces should be limited to the study of forces in one dimension.

We will not explore the amount of force required to change the motion of an object a certain amount. This will be explored in Lesson 7.

At the end of the lesson the class develops the idea that the more kinetic energy an object in a system has, the higher the peak forces it can produce in a collision with another object. The word
“can” is an important qualifier since this relationship holds true for any collision where one object is motionless before the collision and the other object moves into it. It also holds for when two
objects move toward each other head-on in a collision. The case where it doesn't hold true is where both objects are moving in the same direction. For example, if both object A and object B

are moving to the right and object A is catching up to object B, then any increase in the speed of object B that keeps the speed of object B less than that of object A will result in a collision
between them that reduces the peak forces between them. This case is not one students will encounter in lesson activities in this unit and therefore not worth introducing.
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LEARNING PLAN for LESSON 5

1- NAVIGATION

MATERIALS: None

5 min

Reintroduce the questions students were considering at the end of the last lesson. Say, Weve been using forces to explain deformation of
objects in a collision or any time they make contact. So let’s consider some of the cases weve looked at before using this force perspective. Show slide
A. Give students a moment to reread the text on the slide. Then say, What did you and your partner predict about these two different cases?

Were you in agreement or did you have different ideas?

Share ideas about forces between objects in a collision. Anticipate some disagreement in students' responses. Encourage students to weigh
in on the ideas that are shared so you can help students recognize that we are either not in agreement or we are uncertain about some of our

predictions and need additional evidence to support alternate ideas.

Suggested prompt

Sample student response

In each collision, what is doing the pushing and what is getting
pushed?

So what happens when something like a phone falls and hits the
ground and breaks? The two objects are the phone and the ground--
what’s pushing on what?

We figured out that for an object to break, it needs a force applied to it
that deforms it beyond its elastic limit. So if you drop a phone and it
breaks when it hits the floor, what could be pushing on the phone?

In the golf ball and golf club case, the force is only on the golf ball,
not on the club. The club is the thing moving, so it is the only
thing pushing. It is pushing on the golf ball.

I think that both the golf club and the golf ball are getting pushed.
Even if we can't see the club face bending, | think the stem of the
club bends, and you would feel it getting pushed too. So | think
both the ball and the club get pushed during the collision.

In the baseball and bat case, you can feel the bat get pushed
when you hit a ball. Sometimes the bat even breaks when a really
fast pitch hits it, which must mean it got pushed beyond its
breaking point.

We saw both the ball and the bat get deformed in the video even
when the bat was motionless and the ball was moving.

The phone pushes on the ground.

The ground pushes on the phone

| don't know!
Maybe the floor?

Maybe there is something we can't see pushing on the phone.
Maybe it's the phone pushing on itself?

Say, It seems like figuring out what is pushing on what is something we need to resolve in order to explain why some things break and others don't in a
collision. Let’s look more closely at the interactions between two objects to see if we can figure out what is getting pushed in a collision. Maybe if we
start by thinking about where the force is occuring during a collision, that will help us make progress on figuring out what is getting pushed and what is
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doing the pushing.

2 - EXPLORING FORCE INTERACTIONS WITH FINGERS 6 min
Begin the exploration of force interactions between two objects. Say, Let’s start our investigations with our own built-in force sensors: our % ATTENDING TO EQUITY
fingers.

If you have a student with a physical
Show slide B and instruct students to follow the directions on the slide either on their own or in tandem with a partner if they want to do so.  disability who can't use fingers for this

Don't take time to have students report out their results to the whole group yet though. activity, revise the instructions to include the
. . . ) ) option to use other parts of their body, such
After everyone has completed these steps, which should take under 2 minutes, say, We can use our fingers as a force sensor in a different way as their knees or elbows, to feel forces. Or if
too. Prompt students for an additional line of evidence we can use to determine that forces are being applied to any object. they are not able to do any of these, they
could do the activity with a partner at any
Suggested prompt | Sample student response place on their body that is appropriate for

them to interact with and report that they
can detect feeling (e.g., on their chin or
forehead).

What have we figured out will happen to the shape of any solid when It should deform.

we apply a contact force to it?

Suggest that we repeat the investigation again but that this time we look for deformation of our fingertips to determine which fingertip is
getting pushed on when they make contact with each other.

Show slide C and instruct students to follow the directions on the slide either on their own or in tandem with a partner if they want to do so.

After everyone has completed these steps, which should take under 2 minutes, bring students together to discuss the results. Encourage
students to look at what their fingers are doing again as they talk through these questions.

Suggested prompt Sample student response

Did you feel or see any push on your fingertips when they are not No.
making contact with each other?

Where did you feel a push or force on your fingertips when you tried | felt a push (force) on both my left and right fingertips.
this? On only one of the fingertips or both?

So, we only detect a force when our two fingers are touching, and we Both fingertip surfaces deformed.
don't feel a force on either of them when they are not touching. How
does this compare with where we saw evidence of deformation? Did
we see only one fingertip deform or both when they touched each

other?
What was it that was applying the force on your left finger? Ouir right finger.
What was it that was applying the force on your right finger? Our left finger.
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Suggested prompt Sample student response

When you pushed harder with either fingertip how did that affect the Both fingertip surfaces deformed more.
amount of deformation on each?

What can we say about the direction of the forces on each finger? Are The forces seem like they are in opposite directions.
they in the same direction or in opposite directions?

How do you think the forces compare? Is one stronger than the other? It's hard to say how the forces compare.
What is your evidence?
It feels like they might be the same.

The amount of deformation of my fingertips appears to be about
the same, so maybe the forces are the same.

3 - INVESTIGATING WITH PUSH-PULL SPRING SCALES 10 min

MATERIALS: Comparing Forces on Two Push-Pull Spring Scales, 2 5-N push-pull spring scales, 1S hook, 2 sticky notes, 1 marker

Ask for ideas for how we could measure and compare the amount of force on objects that make contact. Say, OK, so we can see evidence of
forces on both objects that make contact with each other when we use our fingers as force detectors. But our fingers have some limitations in terms of
comparing the amount of force on them. Though we can try to say whether we feel or see evidence of more or less force on them, they don't provide
an exact measurement of the strength of the forces applied to them. What tools have we used in previous investigations to help us get a more-exact
measurement of the strength of the force being applied to an object? Students will say the spring scales.

Say, Let’s use those again to investigate how the strengths of contact forces compare. First welll make some predictions for what the spring scales
would show if we pushed them against each other or hooked them together and pulled them apart . Distribute Comparing Forces on Two Push-Pull
Spring Scales. Show slide D. Give students about 2 minutes to complete their predictions.

ALTERNATE It is assumed that the photos on slide D will be adequate for helping students visualize what it will look like as

ACTIVITY they push the plunger ends of spring scales together and what it will look like as they pull the hooked ends of
them apart. As an alternative, however, you could demonstrate how they will use the spring scales by holding
up two 5-N push-pull spring scales as manipulatives. If you do this, put a sticky note labeled “A” on one and a
sticky note labeled “B” on the other. This labeling is used in student handout for the next investigation to refer
to one spring scale vs,. The other.. Demonstrate bringing them toward each other, stopping short of actually
making contact between them as you don't want to give away the results from the investigation they are about
to do. Demonstrate looping an S hook through the opening on both twisted wire ends of the push-pull spring
scales to do the pull investigation.

Have groups carry out the investigation steps summarized on slide E. It should take no more than five minutes for groups to get their spring
scales and S hook, carry out their investigation, and record their results.
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4 - MAKING SENSE OF THE RESULTS AND TESTING FORCE INTERACTIONS BETWEEN DIFFERENT-

STIFFNESS SPRINGS

12 min

MATERIALS: 2 5-N spring scales, 110-N spring scale, chart paper, markers

Ask students to push their spring scales away from them to the center of the table while the class has a brief discussion.

Suggested prompt

Sample student response

What did your results show you about how the strength of the forces
on each object compare when two objects make contact with each
other? Are those forces the same strength or different? What evidence
supports your claim?

Help students summarize their findings across the two investigations.

Suggested prompt

The forces are the same on each object. As we look across our
data table, we see that the amount of force was the same in every
single case.

Sample student response

Can one object apply a force on another object without the other
object applying a force back?

So what then is the minimum number of objects you need in order to
produce contact forces?

Did every object we tested deform when a contact force was applied
to it?

So if all objects are elastic up to a point and we know that even a
small amount of force causes objects to bend some, why don't we see
all objects visibly deform even when other things make contact with
them?

No, it seems that if one object applies a force, the other object
applies a force back. It didn't matter which one was doing the
pushing in the cases of the fingers or the spring scales.

It seems like you need at least two objects.

Yes.

Some objects are stiffer than others.

They deform such a small amount it is hard for us to detect it.

Say, Lets summarize what weVe figured out. Add this idea to a poster titled “Contact Force

Interactions”:

¢ When two objects make contact, each object applies a force on the other object on

the surface they touch.

ConYoct Torce |nierachions

‘When ‘wo Objecks make contact,
eacgh object applies a Sorae

Introduce another case to consider. Say, OK, so we know that all objects are elastic up to a point. bn e other object on ‘the
When we made contact between two of the same type of object, two fingers or two spring scales, we Surface +hey twch.

found that they always pushed back or pulled back with equal strength on each other. But we also

know that not all objects have the same level of springiness. Some deform a lot and some deform

relatively little for the same amount of force applied to them. | have some spring scales that are like

that too. Let’s see how we can use those to explore how the forces compare when objects with

different springiness push on each other.
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Make predictions. Say, Lets get ready to use these different spring scales to test what would happen to the forces between any two objects when
they make contact with each other, even when those objects have a different elasticity.

Describe how a 5-N vs. 10-N spring scale deforms when the same force is applied to them. Show slide F. Have students discuss predictions

with their group, related to the question on the slide:

¢ How will the forces on each spring scale compare when you push them against each other?

As they are doing this, distribute one 10-N spring scale to each group.

Test predictions. Once all spring scales are distributed, instruct students to take a couple of minutes to test their predictions they discussed
from the previous question. by pushing one 5-N spring scale against the 10-N spring scale.

After a couple of minutes, ask students to push their spring scales away from them to the center of the table while the class has a brief
discussion. Refer to the Contact Force Interactions poster and ask if the statement on it was supported or refuted by the evidence collected

from this investigation and what new ideas we can add to it.

Suggested prompt

Sample student response

Earlier, we said that when two objects make contact, one object
applies a force on another object and the other object applies a force
back. Did that happen in this investigation even when the objects have
different stiffness or elasticity?

What did your results tell you about the strength of the forces on each
object when two objects make contact with each other? Are they the
same strength or different?

Are these forces in the same direction or in opposite directions?

So what new idea could we add to this poster we started about
contact force interactions?

Yes.

The forces are the same on each object.

Opposite directions.

The strengths of the contact forces are the same but in the
opposite direction.

Add this idea to the Contact Force Interactions poster by revising the statement that is already

there. Then add the second statement to the poster:

Contact Woree |nterachons

¢ When any two objects make contact, each object applies a force on the other object %\‘f* .
on the surface they touch. The strengths of those forces are the same but in the When'™ two OBJCA‘ S nake contact,

opposite directions.
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5: PLANNING OUR NEXT INVESTIGATION

MATERIALS: science notebook, Lesson 5: Independent, Dependent, and Controlled Variables, chart paper, markers, transparent tape

8 min

Motivate an investigation about whether these generalizations hold true with collisions. Say, Weve seen support for these ideas when we are

holding the objects and applying a gentle push or pull to them. But do these ideas still hold true when we have collisions? Would the same equal
forces on both objects happen when something is moving without us holding onto it and it collides into something else? Would changing anything
about the moving object affect the forces between the two things when they make contact? Let’s brainstorm some different collision conditions that

we could possibly test with these carts.

Show slide G. Give students a minute to orient to the setup shown on the slide and then think on their own about the question on the slide

before discussing it as a class.

Suggested prompt

Sample student response

What are some different collision conditions that we could possibly
test with these carts?

We could change
e if one cart is moving or if both are moving
e if one cart is going slow or fast, or
e if one cartis really heavy or light.

Write student responses on a piece of chart paper and title it “How do forces on two colliding objects compare when we change ... ?". Guide
students to think about 2 different cases: changing how fast the carts move and changing the mass of the carts.

ADDITIONAL Students may come up with changing the material; at this point, that is OK. Since they already looked at this by

GUIDANCE seeing what happens when they use two push-pull spring scales of different stiffness, you can argue that rather
than immediately pursuing more investigations related to this variable in the next day of the lesson, we can
return to it in future lessons (e.g., after Lesson 9) and now should try to make progress on the two variables they
identified that we haven't investigated yet (mass and speed).

Say, Let’s start planning to collect data to investigate these two variables. Ask students about what challenges they anticipate in data collection

and investigation design.

Suggested prompt

Sample student response

What are some challenges you anticipate in collecting data so that
you can compare the amount of force on two different spring scales
on two different carts when you collide the two carts together under
these different conditions?

openscied.org

It is going to be hard to read the spring scales during the collision
because at least one of them will be moving before the collision.

The collision happens so quickly that it will be hard to read the
amount of force on both spring scales during that brief period of
time.

It could be hard to keep some things constant between different
conditions. For example, it might be hard to ensure that we are
colliding two carts together at the same speed if what we are
trying to change is just the mass.
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Say, These are all important challenges to consider in your investigation design, along with how much data you will need to collect to be certain of
your findings, since we know when there are potential sources of error, more data makes us more certain of what we can conclude. Since we have two
different variables to investigate as a class, we need some groups to investigate how changing speed of a moving object before it collides with another
object affects the forces on both objects during the collision, and we need other groups to investigate how changing the mass of a moving object
before it collides with another object affects the forces on both objects during the collision.

Write these two investigation questions at the bottom of the chart paper titled “How do forces on two colliding objects compare when we
change ... ?” and label each with a letter:
A. How does changing the speed of a moving object before it collides with another object affect the forces on those objects during
the collision?
B. How does changing the mass of a moving object before it collides with another object affect the forces on those objects during the
collision?

Distribute Lesson 5: Independent, Dependent, and Controlled Variables. Show slide H. Assign half the class (three groups of 3-4 students) one of

these questions to investigate and the other half of the class (three groups of 3-4 students). the other question. Instruct students to record
the question they have been assigned on their handout and tape the handout into their notebooks.

6 - INTRODUCE THE READING

MATERIALS: Reading: How does touch work?

3 min

Revisit using fingers as force detectors in prior investigation. Say, You have used your fingers as force detectors today. Other places on us can
detect contact forces against the skin too. Take a moment to touch the tip of your finger to the following: your forehead, your cheek, and your elbow.
Pay attention to which of these seems most sensitive to being able to detect something touching it. Give students a moment to do this as you
distribute Reading: How does touch work? to each student.

Summarize the focus of the reading. Explain that the home learning will give us more information about how our sense of touch works and
how this connects to what students figured out about neurons in (material.cl).

ADDITIONAL
GUIDANCE

This is an important reading for students to do before lesson 6, as they will encounter diagrams representing
the structure of neurons and damage to neurons as part of a related collision phenomenon that they will
explain in the individual assessment. This reading leverages prior work students did in OpenSciEd Unit 6.6: How
do living things heal? (Healing Unit). In Lesson 6 (the next lesson), they connect the structure and function of
axons to ideas they have developed about breaking point, contact forces, and kinetic energy to explain
concussions in sports and likely sources of it.

End of day 1
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% ATTENDING TO EQUITY

Universal Design for Learning: The ideas
presented in this reading can be
conceptually challenging for some students,
so having different modes for interacting
with the reading will provide different ways
to access the reading. Some students may
benefit from having this reading available as
an audio reading so they can listen as they
read along on the handout. Other students
may benefit from doing a partner reading.
Some students may benefit from expressing
their understanding by annotating and
adding to the existing diagrams in the
reading rather than drawing a new body
system diagram from scratch as is prompted
at the end of the reading.
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7 - NAVIGATION

MATERIALS: science notebook, Lesson 5: Independent, Dependent, and Controlled Variables, Object Interactions During A Collision

5 min

Follow up on the home learning assignment. If you assigned Reading: How does touch work? as home learning, ask students to turn and talk

with a partner and summarize the most interesting idea they uncovered in the reading. Have students turn in the reading for you to review

their responses.

Identify what we are planning to investigate today and why. Show slide I. Give students a minute to look at Lesson 5: Independent,
Dependent, and Controlled Variables in their notebooks to find which investigation question their group is going to plan for and think about
what they predict. Then report these in a whole-class discussion as well as what led us to investigate how the forces compare in collisions.

Suggested prompt

Sample student response

What are different groups going to investigate?

If you put one of the carts in motion and keep one stationary, which
things in the system will have kinetic energy and which will not?

So, for groups that are investigating changes in speed, how do we
predict that will affect the forces on both cart subsystems during the
collision?

For groups that are investigating changes in the mass of the moving
object, how do we predict that will affect the forces on both cart
subsystems during the collision?

With this predicted increase in the strength of the contact forces, will
the forces on both spring scales still remain equal in strength like in our
other investigations, or will they shift to being unequal?
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Some of us are going to investigate how changing the speed of a
moving object before it collides with another object affects the
forces on both objects during the collision.

Some of us are going to investigate how changing the mass of a
moving object before it collides with another object affects the
forces on both objects during the collision.

The moving cart and the push-pull spring scale attached to it will
have kinetic energy. The stationary cart and push-pull spring scale
will not.

More speed will lead to stronger forces.

More mass will lead to stronger forces.

Accept all responses:

e If the object is moving fast enough or has enough mass
it will probably push harder on the object it collides with
than that object will push back on it.

e Maybe they still will be equal in strength, since that is
what we saw in all of our previous investigations where
we slowly collided two objects together.
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Suggested prompt Sample student response

How is investigating these variables connected to the ideas weve All objects have an elastic limit and a breaking point. If the
developed so far about why things sometimes get damaged when amount of force applied to an object exceeds this it can become
they hit each other? permanently deformed (damaged).

We need to understand how these force interactions change in
collisions where the speed or the mass of the objects involved in
the collision change.

8 - PLANNING OUR INVESTIGATIONS 8 min

MATERIALS: science notebook, Lesson 5: Independent, Dependent, and Controlled Variables, , computer, projector

Introduce a peak force measurement device. Say, Before you design the rest of your investigation, | have one other device you can use to helpyou % SUPPORTING STUDENTS IN
record a measurement of the maximum amount of force on the push-pull spring scales during the collision. Its a simple twist tie collar that is wrapped ENGAGING IN PLANNING AND
on the plunger of the spring scale. Let me show you a video of how it works for a spring scale on a cart that collides with a brick. Show slide ). CARRYING OUT INVESTIGATIONS

Show https://youtu.be/HRYcfOPCoRo. Then ask students what they noticed happened to the twist tie collar and how this twist tie can help

: . . - In this investigation, students are now
us measure the maximum amount of force applied during collision.

determining the independent and
dependent variables they will be changing

Suggested prompt Sample student response and keeping constant and recording them on
Lesson 5: Independent, Dependent, and
What did you notice happens to the twist tie collar in the collision? It got pushed out a certain distance along the plunger beam. Controlled Variables. This is similar in

structure to what they did in the previous
lesson, but with less guidance. Students also
plan their own data table. And they are asked
to make note of any challenges or any
sources of error they encounter in the
investigation. This help motivates the later
What would happen to the twist tie collar if a weaker amount of force It wouldn't get pushed as far along the plunger beam. need for calibrating the system being used to
was applied to the spring scale during the collision? collect data in the investigation they carry
outin lesson 7.

What would happen to the twist tie collar if a stronger amount of force | It would get pushed further along the plunger beam.
was applied to the spring scale during the collision?

Say, This position of the twist tie collar can provide you a record of the maximum force or the peak force applied to the spring scale during a collision
since each of the marks on the plunger beam corresponds to two of the marks on the newton side of the scale for the amount of force. Make sure to
slide the collar back the first mark next to the scale (which is zero), after you record the result from a collision. Remember to develop a plan with your
group that includes a method for how to control for different variables and a data table to record the peak force on the push-pull spring scale for
each condition you test.

@ Review materials available and plan investigations. Show slide K. Say, The materials you have available are shown on this slide. Discuss

with your group the variables you need to change and measure for your investigation and record them on Lesson 5: Independent, Dependent,
and Controlled Variables. Everyone in the group should prepare a data table to record your results on the next page of your notebook as well as a
space to make note of any challenges or any sources of error you notice in your investigation. Everyone in the group should have impact goggles ready
to put on before going over to the lab area to carry out your investigation.
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ASSESSMENT Building towards: 5.A Plan and carry out an investigation and identify patterns in the data collected from the

OPPORTUNITY investigation to provide evidence that peak contact forces on each object during the collision are equal in
strength and the strength of those forces increases when the mass or the speed of the object that was moving
before the collision increases.

What to look/listen for

1. Identification of a single independent variable: mass or speed

2. Identification of the following dependent variables: the peak force measured on the push-pull spring
scale on cart subsystem A and the peak force measured on the push-pull spring scale on cart
subsystem B

3. Identification of important variables to keep constant: If students identified mass as the
independent variable then they should identify speed as an important variable to try to keep
constant. If students identified speed as the independent variable then they should identify mass as
an important variable to try to keep constant.

4. A data table with results from at least two conditions tested (e.g., no additional mass vs. added mass
or slower speed vs. faster)

5. Peak forces measurements and/or equalities or inequalities noted for both push-pull spring scales for
each condition tested

6. Results from repeated trials for each condition (optional)

7. Source(s) of error in the system (optional)

What to do: You may want to have groups check in with you before moving to their labs to collect data. This
would allow you to determine if the group members have properly considered 1-4 before carrying out the rest
of the investigation. Once all groups are collecting data, you can then attend to whether groups are correctly
recording data for 5 and 6. If time is short you could assign something related to 7 as a home learning
assignment or extension opportunity, along with a question asking about ways to redesign the system to
improve its reliability in terms of generating consistent results, eliminating more of the human error, and/or
better controlling for speed if mass is the independent variable. This may lead students to propose ideas that
are similar to what is in the procedure for the first investigation in Lesson 7 and can give you an opportunity to
assess student thinking around engaging another part of the practice of planning and carrying out an
investigation: revising an experimental design.

9 - INVESTIGATING FORCE INTERACTIONS WITH DIFFERENT SPEEDS AND MASSES 10 min

MATERIALS: Peak Force Collision Investigation, science notebook, Lesson 5: Independent, Dependent, and Controlled Variables, impact goggles

Monitor lab work. Keep slide K projected.

SAFETY Check that all students are wearing protective goggles.
PRECAUTIONS
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ADDITIONAL If your school allows cell phones or has student tablets that can record slow-motion video and students suggest
GUIDANCE taking slow-motion video of the results, you could encourage them to try to capture that data too.

10 - INDIVIDUAL PROGRESS TRACKER UPDATE 4min

MATERIALS: science notebook

Update individual Progress Trackers. Show slide L. Ask students to record in their Progress Tracker this question and what they observed
before we reconvene in a Scientists Circle to identify patterns in data and summarize what we figured out:
¢ How does changing the mass or speed of a moving object before it collides with another object affect the forces on those objects
during the collision?

Give students time to record their discoveries.

ADDITIONAL Go around and look at what students are writing in their Progress Trackers so you can determine if there are any
GUIDANCE lingering areas of disagreement or controversy about whether the forces are equal in every case tested. If so,
you could use this video as an additional source of evidence to resolve any remaining uncertainty: https://youtu.
be/qeO3FjODpik.
11- REVISE OUR CLASS CONSENSUS MODEL IN A SCIENTISTS CIRCLE 15 min

MATERIALS: science notebook, colored pencils (black red blue green orange and purple), Contact Force Interactions poster, chart paper, colored markers (black, red, blue, green, orange, and

purple)

Gather students in a Scientists Circle. Display slide M. Bring the Contact Force Refore e col lision Durin g Fhe collision :ESV[IJET_(PDC;FJ éNAGN?DTllngEI'\gST!;lBILITY

Interactions poster to the circle. Ask students to share what they wrote in their . e e AND CHANGE
individual Progress Trackers. e e g}

Add the term free body diagram to the Word

You will incrementally develop a system diagram to represent and summarize » e Wall after the lesson and post the completed
the key ideas that are developed in this Consensus Discussion by taping pieces poster next to it. For now, focus on finishing
of paper with accompanying annotations on them to this poster on half or full o=t o the example on the poster of what free body

sheets of paper to allow you to clear off the chart before the next class. ﬁijr_: 1 M diagrams ook like.

The introduction of free body diagrams here
is designed to help students keep track of
the forces acting on individual subsystems or
objects within a larger system. In physics and
engineering, the object is often represented
as a box (or dot) rather than drawing
something as elaborate as a cart with wheels
and a spring scale on top of it. But since this
is the first such free body diagram students
will have seen, make sure to keep a visual
representation of the cart and spring scale in
each diagram. You are introducing some
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KEY IDEAS

Purpose of this discussion: Help students come up with another generalization that adds to the rule that the

contact forces will be the same on each object in a collision regardless of changes in speed or mass. Connect
the results of the investigation to changes in the kinetic energy of the objects and changes in the peak forces in

the collision.

Look for these ideas (in bold below) to add to the Contact Force Interactions poster. Add these to the poster
under the statements already included (the sentences in italics below):
e When any two objects make contact, each object applies a force on the other object on the surface they
touch. The strength of those forces are the same but in opposite directions.
¢ This is true even when we change the speed or mass of the moving objects in the system.
¢ Increases in speed or mass of a moving object can result in an increase in the peak forces
that are applied to both objects that make contact during the collision.

Say, Let's summarize what we noticed happened to the peak forces on both objects, the push-pull spring scales, when they collided after putting one

of the subsystems they were attached to, a cart, into motion.

Suggested prompt

Sample student response

In the entire system we used for our investigation we collided two
subsystems together. What were those two subsystems again?

How does changing the speed of the cart subsystem before it collides
with the other cart subsystem affect the peak forces on both objects
that made contact (the push-pull spring scales) during the collision?

How does changing the mass of the cart subsystem before it collides
with the other cart subsystem affect the peak forces on both objects
that made contact during the collision?

How does the amount of deformation that happens on each spring
scale change as these peak forces increase?

openscied.org

One push-pull spring scale attached to a cart was one subsystem
and the other push-pull spring scale attached to a cart was the
second subsystem.

The peak forces on both objects increase.

But those forces remain relatively equal as this happens.

The peak forces on both objects increase.

But those forces remain relatively equal as this happens.

The amount of deformation increases as well

Unit 8.1« Lesson 5+ 10/1/25

standard conventions for representing the
external forces on the subsystem or object,
which include the following:

¢ The direction of the force arrow
indicates the direction of the force
applied on the object.

e Differences in length of an arrow
represent differences in the relative
magnitude of a force.

¢ The tip of the arrow indicates the
surface which a contact force
pushes on.
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Say, Let’s try to represent the relationship between these force pairs in a collision by Refore e col lsion
showing what we know about the state of the system before the collision and during
the collision when both objects in it experience peak forces.

Durm 3 +he collision

Suggest that since there are no contact forces between the two cart
subsystems until during the collision, and this is evident by there being no
compression of the spring scales, it would make more sense to take a force

perspective during the collision. ﬁ" T \:\\,
or P S et

Add the annotations shown in orange regarding deformation to each row. ﬂ-——% e\

Suggested prompt Sample student response

Are there any contact forces between subsystem A or subsystem B No.

before they collide?

ADDITIONAL In Lesson 8 students will argue that there are actually contact forces acting on the moving cart subsystem
GUIDANCE before the collision. These will include friction and air resistance. But the way the system is currently defined,

excluding the surrounding air and surfaces the carts are rolling over, is making reference only to the contact
forces between the two cart subsystems. If students bring up these ideas, honor these ideas by asking students
to add their questions to the Driving Question Board or by adding them to the class model by writing the idea
and putting a question mark next to the term or idea.

Ask students how many of the objects/subsystems experience a force applied to them during the collision. Students should say two.

Introduce a convention for modeling forces on a single subsystem or object (free body diagrams). Say, We could try to represent the forces
on both objects in the system in the same diagram. But, since every place where there is contact, there will be two subsystems making contact and
therefore there will be two forces between them, scientists and engineers usually switch to representing one single subsystem at a time in its own
drawing. When they do that, they refer to each subsystem they draw as a free body diagram. It’s called a free body diagram because in the diagram
you show only a single object or body in the system, but you don't show any of the objects that are actually making contact with it. You free it up from
the surroundings. But you still add in the forces that you know are acting on the object. Let’s draw two free body diagrams now, one for each of these
cart subsystems, to show how the forces on each compare.

Add a column labeled “Free body diagrams” to the right side of the chart paper. Ask students what is pushing on subsystem B during the

collision. Students should say the end of the spring scale in subsystem A. Ask students to point in the direction that shows which way the
force is pushing on subsystem B. Students should point to the right.
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Say, We can represent the direction of that force on subsystem B with a straight Pofore he. col lision
arrow going to the right, and we can show the tip of the arrow on the end of the

Durlf\ g +he colhston

spring scale plunger to indicate that this is the surface which the contact force is
pushing. Draw subsystem B on a separate piece of paper and tape it to the
chart.. Add an orange force arrow pointing to the right, touching the end of
the plunger. Label this as “Peak force on subsystem B”.

Dwm 3 +he col liston

Ask students what is pushing on subsystem A during the collision. Students Pefore e Col lision
should say the spring scale in subsystem B. Ask students to point in the R
direction that shows which way the force is pushing on subsystem A. : ﬂ”’i e m“}‘ '

Students should point to the left. oz F e B

Ask how we can show that the strength of the force is the same on
subsystem A as on B, but in the opposite direction. Students will say that we

can use the same-sized arrow as before but facing the opposite way. Add the ﬁ’_‘ ~
text “.. is equal in strength to .. and then draw subsystem A below it. Add an a

orange force arrow pointing to the left, touching the end of the plunger. Make m"" w2
sure it's the same size as subsystem B's force arrow. Label this as “Peak force

on subsystem A"

Ask students how we can represent what we know happens to the peak Pefore the: Collision
forces on these two subsystems when we have more mass or more speed.

Durin g +he col liston

Students will say that you can show this by including-arrows on both.

Ask whether those arrows should be different sizes from each other or the
same size and why. Students will say that they should be the same size to
show that the forces are still equal.

Add these representations and related labels to the model as shown to the :ﬁ_‘ o "

ore eed

right. %—a {1
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Qualify the relationship you established between the peak forces in a collision. Say, This relationship holds true for any collision where one object
is motionless before the collision and the other object moves into it. It also holds for when two objects move toward each other head-on in a collision.
Increasing the mass or the speed of one of the moving objects before the collision will increase the peak contact forces between those two objects
during the collision, and yet the strength of those forces will be the same on each object, but in opposite directions. %

Problematize where the ability to produce stronger contact forces is coming from. Say, We saw that these forces were produced during the
collision, but not before it. Why is that? What wouldn't these forces occur until the objects actually make contact? Accept all answers.

Say, So it seems like something is occurring before the collision that makes a difference, but if we describe things from a force perspective, we really
can only look at what is happening during the collision. What perspective can we use to analyze what is happening with these subsystems BEFORE
collision that affects the outcomes of a collision?

Guide students to determine that taking a force perspective doesn't seem like it would be useful, since there is no contact yet, but have
described differences between the movement of items using an energy perspective.

Transition to an energy perspective to describe the subsystems before the collision. Point out that subsystem A is moving in this system
before the collision and subsystem B is not. Refer students to the energy perspective we took when we were keeping track of differences in
motion in the model we made in Lesson 1. Ask students to identify how we referred to the difference in an object that was moving vs. not
moving, using the energy perspective.

Suggested prompt Sample student response

Before you carried out your investigations, neither cart subsystem was No.
moving. At that point does either subsystem have kinetic energy?

If you hold one cart stationary and push and release the other cart to The cart (subsystem) you put into motion has kinetic energy.

put it in motion, what parts of the system now have kinetic energy and

which do not? The cart (subsystem) that is stationary does not have kinetic
energy.

What happens to the amount of kinetic energy the cart subsystem has | It has more kinetic energy.
when you increase its speed?

What happens to the amount of kinetic energy the cart subsystem has | It has more kinetic energy.
when you put it into motion at the same speed as before but with
more mass?

Say, Weve already argued that there are no contact forces between subsystem A and subsystem B until they collide. But, we are arguing here that one
of those subsystems, the one in motion, has kinetic energy and that the amount of kinetic energy it has changes based on its mass or its speed.
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Add “(energy perspective)” in green under the column head “Before the
collision”. Ask students which part of the system shown in the top left cell of

Before +he collsion

lef\ 3 +he collision

the table should be labeled as having kinetic energy. Students should say [ sungn 3 s >
subsystem A has kinetic energy and subsystem B does not. Label this in the ; ‘@’A f "“@ }

model in green.

Ask students how we would describe the relative amount of kinetic energy of

i' ':“ R .,‘.swms\'m\g"‘hh...

WY Peal.
rriact ) = b
' i

energy. Ask the same about when the mass is increased. Again students

subsystem A when it is going faster. Students should say it has more kinetic ﬁ s
_or -
re eed

should say it has more kinetic energy. Label this in the model in green.

Tt s Sillegen inshagh.
i e T

A Strorger

E‘*Qﬂ-ﬂ

If students are uncertain about this, you can ask them to consider what has more kinetic energy, a single cart traveling at a certain speed or

two carts connected together traveling at that same speed.

Suggested prompt

Sample student response

ey o

Our model shows that the mass and speed of a moving object
influence its kinetic energy. What does our model show the
relationship is between the amount of kinetic energy in the system and
the peak forces between the objects in the system when they collide?

The more kinetic energy in the system the higher the peak forces
will be between the objects in the system when they collide.

Qualify the relationship you established between the kinetic energy in the system and peak forces in a collision. Say, This relationship holds
true for any collision where one object is motionless before the collision and the other object moves into it. It also holds for when two objects move

toward each other head-on in a collision.%

ADDITIONAL In the case where both objects are moving in the same direction, this relationship doesn't always hold. If both

GUIDANCE object A and object B are moving to the right and object A is catching up to object B, then any increase in the
speed of object B that keeps the speed of object B less than that of object A will result in a collision between
them that reduces the peak forces between them. This case is not one students will encounter in lesson
activities in this unit and therefore not worth introducing.

12 - EXIT TICKET

3 min

MATERIALS: science notebook, scrap paper

Q/ Refer to the model you developed to motivate testing the generalizability of these ideas in the upcoming assessment. Display

slide N. Say, Since peak forces could either be weak enough to not exceed the elastic limit of the objects in a collision or be strong enough to

cause permanent damage, it seems like we now have a chain of cause-and-effect reasoning that we can use to explain why some objects get
damaged and others don't in a collision. Let’s try to use this model to explain some of our initial collision-related phenomena as well as some new

openscied.org
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phenomena. Next time, you will have a chance to do that as part of a more-formal assessment opportunity. You will be able to use your notebook

and you can use the consensus model we developed on this chart paper too as reference. Before we do that more-formal assessment, lets complete a

short exit ticket to check in on how you are thinking these ideas we developed would apply to something from our anchoring phenomenon.

ALTERNATE If time is short, you can administer this exit ticket as an entrance slip at the start of the next lesson. If you do

ACTIVITY that, it is suggested that you have students gather around the consensus model to kick off that task at the start
of the next lesson.

ASSESSMENT Building towards: 5.B Develop and use subsystem models to represent how the

OPPORTUNITY

openscied.org

What to look/listen for: Transferring the representations of the ideas developed in the class consensus model
to a new context to explain a different phenomenon. The following ideas should be show up in students’
responses:

¢ A: Students identify one or both objects.

¢ B: The forces would be equal in strength.

¢ C: The kinetic energy would be less.

¢ D:The forces would be weaker but still equal in strength.

What to do: Review student exit tickets before Lesson 6. These can serve as a useful benchmark for whether
students are ready for more-formal and extended assessment in that lesson. If students struggle with the ideas
on this exit ticket, revisit the consensus model at the start of next class and ask those students to co-articulate
what the representations in it show and how these could be used to explain what is happening in another
collision scenario (e.g., the ball and the bat or the golf club and the golf ball).

Unit 8.1+ Lesson 5+10/1/25
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LESSON 6: What have we figured out about objects interacting in collisions? How can
we apply our new learning to answer questions about objects interacting in collisions?

PREVIOUS LESSON

THIS LESSON

PUTTING PIECES TOGETHER,
PROBLEMATIZING

1day

NEXT LESSON

BUILDING TOWARD NGSS

MS-PS2-1, MS-PS2-2, MS-PS3-1,
MS-ETS1-2, MS-ETSI1-3, MS-LS1-8

S
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We carried out investigations to explore the strength of forces between two objects when they collide. We planned and carried out an investigation about how
different speeds and masses of objects affect the amount of peak force on each object. We develop and use a model to represent the relationship between the
energy of a moving object and the strength of the peak forces from a collision.

We look back at questions from our Driving Question Board and answer questions we have made progress on
during Lesson Set 1. We take an assessment to apply our science ideas to a new context and determine we need
to figure out what causes more damage and energy transfer during a collision--increases in mass or increases in
speed.

We will carry out an investigation to determine how doubling the speed of an object vs. doubling its mass affects the amount of damage it does in a collision.
We will use a computer simulation to collect data on the relationship among the mass, speed, and kinetic energy of an object. We will develop mathematical
models of these relationships and use them to predict and explain how this could affect the amount of damage in a collision.

WHAT STUDENTS WILL DO

6.A Apply science ideas and use evidence to construct an explanation for how the amounts of peak force and energy transfer (cause) in soccer
collisions result in instability in the brain (concussions, effect) due to sudden changes at the cellular level.

WHAT STUDENTS WILL FIGURE OUT

We figure out these ideas:
¢ We have made progress on many of our DQB questions.
¢ We can apply our learning to answer questions about peak forces, damage, and kinetic energy of moving objects in soccer collisions.
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Lesson 6 « Learning Plan Snapshot

.

8 min NAVIGATION
Create a record of what we know so far about system interactions,
forces, and energy in a collision.

min -
2 12 mi @ REVISIT DRIVING QUESTION BOARD QUESTIONS B-C
Revisit the Driving Question Board and determine what questions
we can now answer.

3 20 min «/  LESSON 6 ASSESSMENT D
E Distribute Soccer Assessment. Complete an assessment over
interactions during a collision.

4 5min REVISIT QUESTIONS 6-7 E
Revisit questions 6 and 7 as a whole class.

What We Have Discovered poster, markers
Reviewing Our Driving Question Board, Driving Question Board question list from

Lesson 1, What We Have Discovered poster

Soccer Assessment

End of day 1
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Lesson 6 - Materials List

I 7 I S

Lesson materials e science notebook ¢ What We Have Discovered poster
e Reviewing Our Driving Question Board e markers
e Driving Question Board question list from Lesson 1
* Soccer Assessment

Materials preparation (20 minutes)

Review teacher guide, slides, and teacher references or keys (if applicable).
Make copies of handouts and ensure sufficient copies of student references, readings, and procedures are available.

¢ Create a list of all questions from the Driving Question Board (DBQ) and make copies for all students.
¢ Create a poster on chart paper titled “What We Have Discovered”.
¢ [f using the slides, exchange the picture of the example DQB on slide B with an image of the actual class DQB.
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Lesson 6 - Where We Are Going and NOT Going
Where We Are Going

This lesson provides an opportunity for students to revisit key ideas by taking stock of ideas learned in Lessons 1-5. We revisit the Driving Question Board and utilize the ideas to answer select
questions from the beginning of the unit. Students do this before applying those ideas to a real-world soccer scenario in Soccer Assessment. This assessment targets the key DCI of PS2.A: 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.
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 net force causes a larger change in motion.

Where We Are NOT Going

While students will be answering questions 6 and 7 on Soccer Assessment regarding whether a doubling of mass vs. speed would have a bigger impact on the kinetic energy of an object, these
questions will not be assessed. This is because the quantitative effects of changing mass and speed on kinetic energy and peak force have not been addressed at this point in the unit yet.
These ideas will be revisited in Lesson 7 during a student investigation of these factors and will be assessed later in Lesson 10. Although concussions affect various structures and regions of the
brain in many ways, the impacts of a concussion on structures other than axons in the brain will also not be discussed in the assessment.
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LEARNING PLAN for LESSON 6

1- NAVIGATION

8 min

MATERIALS: science notebook, What We Have Discovered poster, markers

Recall previous lessons. Project slide A. Say, Last class we figured out that the peak forces are equal on each cart during a collision, regardless of
the mass or speed of the individual carts. It's always an equal force, but in an opposite direction. We have also figured out a lot of other important
ideas along the way! Lets look back and see what we have learned so far.

Instruct students to look back at their Progress Trackers. Display the What We Have Discovered poster. Ask students to share what we have
learned so far. Record student responses on the chart paper. Potential responses include the following:

Sometimes objects get damaged in collisions, other times objects are not damaged.

All objects have an elastic limit.

The elastic limit is the point to which objects can spring back to their original position after a collision.

If an object goes past its elastic limit, it will reach its breaking point.

Energy is transferred in a collision.

Energy transfer can make objects change shape.

Contact forces cause a change in shape.

All solid objects bend or change shape when any amount of contact force is applied to them.

The amount an object deforms depends on the type of materials it is made of, how thick it is, and its shape.
There are forces applied to each object when they are touching during a collision.

The amount of the contact forces is equal on the objects that are colliding but opposite in direction.

The peak forces can help determine if an object gets damaged.

If the peak force is more than the elastic limit, the object will reach its breaking point

An increase in kinetic energy due to a speed or mass increase will increase the size of the peak forces between the objects in a
collision.

ADDITIONAL The list of potential responses above is an example. It is not all-inclusive, and students do not need to come up
GUIDANCE with every idea presented in the example list but should have some ideas of energy and forces in a collision to

help them think about their upcoming assessment.

If the ideas of energy are not presented, try asking questions such as these:
¢ What have we learned about energy in a collision?
¢ What does energy do in a collision?
¢ What does an increase in energy do to the forces on objects in a collision?

If ideas of forces are not presented, try asking questions such as these:
¢ What have we learned about forces in a collision?
¢ Are there any differences in the forces on objects when they are in contact with each otherin a
collision?
¢ What happens to the forces when the two objects in a collision touch?

As students review questions from the Driving Question Board,they will have an additional opportunity to
review what we have learned through the lesson set as they apply those ideas to answer part of our Driving
Question Board questions.

Say, Wow, we have figured out a lot! | think if we look back at our Driving Question Board we may be able to make progress on answering some of our

questions.
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2 - REVISIT DRIVING QUESTION BOARD QUESTIONS

12 min

MATERIALS: Reviewing Our Driving Question Board, Driving Question Board question list from Lesson 1, science notebook, What We Have Discovered poster

Review Driving Question Board questions. Project slide B. Distribute the Driving Question Board typed questions list you made from Lesson
1. If you plan to re-use these from class to class, then tell students not to mark on these handouts, but to make notes on the handout they
will receive. Ask students to spend a moment looking over the list of questions.

W Distribute the Reviewing Our Driving Question Board handout. Tell students they will spend some time working with a partner on
identifying at least questions they feel the class has made progress on and one question they feel they can answer from our Driving
Question Board.% Go over the handout before allowing students to begin.

ASSESSMENT Revisiting the Driving Question Board provides a low-stakes moment for students to apply their ideas to real-

OPPORTUNITY world questions. As students are working, use this opportunity for formative assessment and listen to group
discussions about what we can and cannot answer. Students should be able to answer questions regarding the
items listed on the What We Have Discovered poster.

Students are also asked to record one answer using evidence for a question of their choice on the bottom of
Reviewing Our Driving Question Board. Read over these answers as students are constructing them. If students
are struggling, see the questions provided in the next section to also aid students in making connections
between their key science ideas and a new scenario.

Circulate the room as students work in pairs to answer a question from the Driving Question Board. Listen carefully to student answers and
listen for students to use science ideas to support their answers. If students are not using their science ideas to fully answer questions, use
questlonlng to help students make the connection to their science ideas:

What evidence do we have from past investigations that supports your answer?

What patterns in past investigations and activities led you to that idea?

What patterns in data support your answer?

Did we collect any other data or evidence besides the piece you cited that helps support your answer?

Is there anything on our What We Have Discovered poster that helps you answer this question?

Did you see something change in our system as two objects interact in a previous investigation or activity that supports this
answer? What happened?

ADDITIONAL Some students may struggle with narrowing down the focus of a question. If students are having trouble
GUIDANCE coming up with answers for a related question on the Driving Question Board, ask students the following
question:

Is the question you chose about the forces in a collision, the parts of the system, or energy transfer in a collision?
e If students answer that it is not about a previously visited topic, help them select a question that can
be answered by our science ideas.
¢ |f students answer that it is about a topic above, check to make sure that the question is asking
something about these topics. If it is, then direct them to the poster with our discoveries and their
Progress Trackers. Go through the items on the poster and in the Progress Trackers and help students
identify which science ideas best help explain the answer to their questions.
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% SUPPORTING STUDENTS IN
ENGAGING IN CONSTRUCTING
EXPLANATIONS AND DESIGNING
SOLUTIONS

In Lesson 1, students engaged in the practice
of asking questions when experiencing the
anchoring phenomenon and brainstorming
related phenomena. Over the course of
recent lessons, students have developed
science ideas that help to answer some of
these questions. Revisiting the Driving
Question Board provides an opportunity for
students to review their questions about
real-world phenomena and apply their
science ideas to answer questions that did
not have a clear answer in Lesson 1.

% ATTENDING TO EQUITY

Universal Design for Learning: As students
read through their questions and think about
which one they can answer with evidence,
some students may find it easier to draw a
representation or model of the answer to the
question as they have been doing that in
class. Allowing students to represent their
answer in this way, for this low-risk
assessment, will support multiple access
points. If a student chooses to answer the
question in this way, allow them to. Then if
they answer a second question using the
same modality, you could choose to follow
up on their second drawing, by asking them
to explain in writing what they modeled. In
this way, the drawing provides the student
something to write about. With practice over
time, students will find more success writing
arguments with evidence as they find
confidence in their writing about models
they have constructed using other
modalities.
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Debrief the Driving Question Board. After about 10 minutes of work time, bring students back together as a whole group. Project slide C. Ask
students the following questions.

¢ How many of you can now answer a question that we could not answer at the beginning of the unit?

¢ What questions do you now feel comfortable answering? What were your answers?

¢ \Were there any questions about mass and speed that we couldn't answer yet? Which ones?

As students share their answers to questions from the Driving Question Board, it is possible that a student might share an incorrect answer.
Do not automatically correct. Instead ask the class after each question if we agree or disagree with the answer. If students disagree with the
answer, refer students to the What We Have Discovered poster and ask them to use our science ideas to justify if the answer is correct or
incorrect.

Collect the copies of the Driving Question Board questions from students. Save these pages for students to use in a later lesson.

Say, It seems like we can answer some of our questions on our Driving Question Board, but we still also have some questions we need to answer.
Before we move on and try to investigate those questions, let’s see if we can apply what we have learned so far to make sense of a new phenomenon.

3-LESSON 6 ASSESSMENT

20 min

MATERIALS: Soccer Assessment

Say, | was reading and came across this scenario about headers being banned in soccer. How many of you know what a header is? Listen for
students' responses. If students do not know what a header is, explain that a header is when a player strikes the ball using their head.

Explain that there have been discussions to ban headers in youth sports because some people believe they are dangerous and can cause
concussions. Ask, how many of you have heard of concussions before?
e Accept all responses.

Then ask, why might concussions be dangerous? Accept all responses. Some may include things that connect to the reading students did in the
prior lesson, such as:

e They indicate injury to the brain

e They may result in memory loss

Say, | thought we could dig into these ideas and see if we can explain using our science ideas if a header can actually cause a concussion and

determine if there are other collisions that occur in soccer that can cause concussions as well.

@ Distribute Soccer Assessment. Project slide D. Direct students to put their names at the top of the paper and read questions 1-5
together. Answer any clarifying questions students may have about the assessment.

Once students understand what questions 1-5 are asking, read questions 6-7 of the assessment. Explain that the whole class will revisit the

questions and answers from this section at the end of class. Tell the class to give their best guesses on questions 6-7 and to use experiences

from real life and our prior investigations to help answer the questions. Questions 6-7 are not part of the assessment that we may be able to
answer completely, but any ideas we have will help us determine our next steps as a class.

Ask students to complete Soccer Assessment on their own. Collect the assessment when students are finished.

ADDITIONAL
GUIDANCE

Lesson 6 Assessment provides an opportunity for both summative and formative assessment. The science
ideas built in Lessons 1-5 are applied in questions 1-5. Questions 6-7 are formative and will help gauge student
understanding of the relationship between changes in kinetic energy, peak forces, and the mass and speed of a
moving object.
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% ATTENDING TO EQUITY

For question 5 of the assessment, students
are asked to write an explanation supporting
which type of head collision would
potentially do more damage to the brain.
Because students are synthesizing what they
have figured out about collisions with new
information they are reading during the
assessment about the brain, offering
students a choice in modality to
demonstrate this synthesis provides equal
access for all students. Some students may
benefit from drawing a representation of the
one collision they feel will do the most
damage and labeling it to support why they
chose the one they chose. As another
alternative, some students may find more
success explaining this orally through
recording themselves and then turning in the
recording, or presenting to the class, or
presenting to you during an appropriate time
in the classroom.
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ASSESSMENT Building towards: 6.A Apply science ideas and use evidence to construct an explanation for
OPPORTUNITY (cause) in soccer collisions result in instability in the brain (concussions, effect)
due to sudden changes at the cellular level.

What to look/listen for:

¢ Peak forces on the head and the ball are shown as the same during a header, both drawn in the
diagram in question 1and the selected answer in question 2a.

¢ Contact forces are applied to both objects and are always equal regardless of speed or mass in
question 2b.

¢ A player hitting a nonmoving object should experience the least amount of peak force in questions 3a
and 3b due to the moving player #84 having the same amount of kinetic energy in each collision. The
masses and speeds of the other objects determine their kinetic energy before the collision, and the
less total kinetic energy in the collision, the less the peak forces on each object during the collision.

¢ Collisions with objects that are moving with a greater mass or speed in comparison with collisions that
have lesser mass and speed will experience more peak force, as seen in the two potential answers for
question 5.

¢ See Soccer Assessment Key for a more detailed analysis of what to look for in each question.

What to do: If after the lesson you find that students are struggling with equal and opposite forces with varying
masses and speeds, revisit Lesson 5. First, revisit the handouts and data to make connections to a small ball and
larger person from questions 1and 2 on the assessment. Take time before lesson 7 to do this. Vary the mass
and speed of different carts in collisions to simulate different collisions between the player and other objects in
questions 3-4 and have students make note of their force observations as masses and speeds change on the
back of the assessment. After reviewing the amount of force produced in each collision from the new
demonstration, ask students to keep their observations out as they work through questions 5-6 again. You may
also want to create a word bank with the key terms from Lessons 1-5 and refer students to the What We Have
Discovered poster to make connections between our science ideas and the assessment questions.

ADDITIONAL When evaluating student ideas on this assessment, it may appear that some students may need to receive

GUIDANCE additional support in understanding the science ideas. As interventions are being conducted that are listed in
the “what to do” area of the assessment guidance and students progress through Lessons 7-9, students may
find value in the revision of their ideas. As the unit progresses, ask students to go back to Soccer Assessment and
revise their answers. Students can then use this document of evolving understanding to aid in their responses
on the Lesson 10 assessment.
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4 - REVISIT QUESTIONS 6-7

5 min

MATERIALS: None
Discuss questions about mass and speed. Say, As | was walking around and looking at your assessments, it seems that we have different ideas

about whether the mass of a moving object or its speed is a bigger factor contributing to its kinetic energy and the resulting damage that it can do in a
collision. Let’s share some of our ideas about questions 6. Present slide E. Ask students to share their ideas about question 6.

Suggested prompt Sample student response

What do we already know happens to the kinetic energy of a moving It increases.
object when we increase its mass or its speed?

And how does that increase in kinetic energy impact the peak forces They peak forces would increase as well

produced in a collision between that moving object and a stationary

one?

If we were to compare one cart with double the mass and one cart Some students will likely say that the carts will have the same
with double the speed, would one have more kinetic energy than the amount of kinetic energy because it is just doubled.

other?

Other students may mention that the kinetic energy varies based
upon the mass or speed changes, due to real-life scenarios such
as a large car vs. a small car or a baseball being thrown lightly vs. a
fast ball.

If you think one factor will increase the kinetic energy of the object and | (Accept all student responses and ask students to provide real-
the resulting damage that it can do in a collision, which do you think is world evidence to back up their answers.)

a bigger factor: the speed of a moving object or its mass and why?
Students are likely to cite ideas related specifically to what would
happen when you double the mass of a moving object vs.
doubling the speed, as this specific comparison was something
they were asked to brainstorm investigation ideas for in question

How would damage in a collision be related to peak forces and the More kinetic energy should result in higher peak forces which
amount of kinetic energy in the system before the collision? should lead to more damage.

Say, This is really interesting. We can all seem to agree that increasing the mass or the speed of a moving object would increase its kinetic energy
which increases the peak forces in a collision. And we also agree this is related to the amount of damage in a collision. But where we have some
disagreement is around whether doubling the mass of that moving object or doubling its speed would have a bigger effect on the kinetic energy of a
moving object and the resulting damage it could do in a collision. So it seems like we have something we need to figure out to better understand these
relationships. | look forward to reading through some of the ideas you wrote down in question 7 for investigations that could help us figure that out.
Let’s plan on investigating this question by pursuing some additional investigations and analyzing some additional source of data next time.
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LESSON 7: How much does doubling the speed or doubling the mass affect the kinetic
energy of an object and the resulting damage that it can do in a collision?

PREVIOUS LESSON  We looked back at questions from our Driving Question Board and answered questions we had made progress on during Lesson Set 1. We took an assessment to
apply our science ideas to a new context and determined that we needed to figure out what causes more damage and energy transfer in a collision--increases
in mass or increases in speed.

THIS LESSON We carry out an investigation to determine how doubling the speed of an object vs. doubling its mass affects the
amount of damage it does in a collision. We analyze data to determine how to quantify the relative change in
the kinetic energy of an object. We use a computer simulation to collect additional data on changes in the mass
and speed of a moving object and the amount of kinetic energy. We develop mathematical models of these

relationships and use them to predict and explain how this could affect the amount of damage in a collision.

INVESTIGATION

2 days
A@E

NEXT LESSON  We will develop a model to show where energy is transferred between the spring, cart, and box and how contact forces cause this energy transfer. We will use
this to start brainstorming other places where contact forces may be causing energy transfer in the system.

BUILDING TOWARD NGSS | WHAT STUDENTS WILL DO

MS-PS2-1, MS-PS2-2, MS-PS3-1, | 7.A Construct, analyze, and interpret graphical displays of data collected from a computer simulation to identify patterns in the data, including a
MS-ETS1-2, MS-ETS1-3, MS-LS1-8 | linear relationship between the mass of a moving object and its kinetic energy and its kinetic energy and a nonlinear relationship between the
speed of a moving object and its kinetic energy.

@ 7.B Construct an explanation based on quantitative relationships (scale) for whether decreasing the mass of a moving object or decreasing its
speed would have a bigger effect on the peak forces produced in a collision between it and a stationary object and use these ideas to further
explain why this would cause damage in some collisions but not others (effect).

WHAT STUDENTS WILL FIGURE OUT

¢ In an investigation with multiple independent variables it is important to keep track of which variables are remaining constant and which are
changing.

¢ The more kinetic energy an object has the more damage it can do in a collision.

¢ The more kinetic energy an object has the more you have to push against the direction of its motion to get it to stop.

¢ The kinetic energy of an object is directly proportional to its mass; the KE of an object is proportional to the square of its speed.
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Lesson7 - Learning Plan Snapshot

e

5 min NAVIGATION chart paper, markers
Recall what was figured out in the prior lessons.

2 12 min PLANNING OUR INVESTIGATION B Changes in Kinetic Energy: Investigations #1 & 2, chart paper with
Plan an investigation to collect data about the effects on kinetic energy of a colliding investigation question, markers
object when the mass or the speed of the object is doubled.

3 14 min CARRY OUT AN INVESTIGATION ON DAMAGE FROM DOUBLING MASS VS. C Procedure for Investigation 1, Changes in Kinetic Energy:

SPEED Investigations #1& 2, Damage from Doubling Mass vs. Speed
Carry out an investigation to collect data about how doubling the mass and Lab

doubling the speed of an object affects the kinetic energy and the damage done in a

collision.

4 4 min ARGUE FROM EVIDENCE FOR WHICH FACTOR AFFECTS KINETIC ENERGY
MORE
Argue from evidence about how the changes in the mass or the speed of an object
affect the amount of kinetic energy that is transferred.

5 12 min ANALYZING DATA FROM A QUANTITATIVE MEASURE OF ENERGY TRANSFER D-G  Changes in Kinetic Energy: Investigations #1& 2, computer,
Analyze videos of a spring-launched cart colliding with and pushing a box different projector, https://youtu.be/ygl bCFuqYFo, https://youtu.be/Xgcz
distances depending on the mass and speed of the cart when launched. gVAICYk, https://youtu.be/3RztOWNQATO

End of day 1

6 5min NAVIGATION H Changes in Kinetic Energy: Investigations #1& 2
Share patterns and predictions related to scaling up the mass or speed of a moving
object and the relative increase in its kinetic energy.

7 5min PLANNING FOR USING A COMPUTATIONAL SIMULATION 2 copies of Graphing Kinetic Energy Relationships, optional: 1 copy
Orient to a computational simulation for collecting additional data on the each of Alternate: Graphing Mass vs. Kinetic Energy and Alternate:
relationship between changes in mass or speed and the kinetic energy of an object. Graphing Speed vs. Kinetic Energy, computer, projector, https://w

ww.openscied.org/collision2-simulation/

8 15 min @ COLLECTING AND GRAPHING DATA FROM A COMPUTATIONAL SIMULATION J 2 copies of Graphing Kinetic Energy Relationships, optional: 1 copy

— Use a computational simulation to collect additional data on the relationship each of Alternate: Graphing Mass vs. Kinetic Energy and Alternate:
between changes in mass and speed and the kinetic energy of an object. Graph the Graphing Speed vs. Kinetic Energy, computer, https://www.opensc
data collected. ied.org/collision2-simulation/

9 10 min ANALYZE AND INTERPRET RESULTS OF OUR INVESTIGATION K calculator, 2 copies of Graphing Kinetic Energy Relationships,

openscied.org

Discuss the relationships in the graphs and tables for changes in mass and speed
and the kinetic energy of an object.

Unit 8.1« Lesson 7 - 10/1/25

optional: 1 copy each of Alternate: Graphing Mass vs. Kinetic
Energy and Alternate: Graphing Speed vs. Kinetic Energy, chart
paper, markers
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CELT M S S E— i —

10  5min EJ/ INDIVIDUAL EXPLANATIONS 2 copies of Graphing Kinetic Energy Relationships, optional: 1 copy
Construct an explanation for whether decreasing the mass of a moving object or each of Alternate: Graphing Mass vs. Kinetic Energy and Alternate:
decreasing its speed would have a bigger effect on the peak forces produced in a Graphing Speed vs. Kinetic Energy, Looking back: Explaining and
collision and use these ideas to further explain why this would cause damage in predicting kinetic energy changes in the system

some collisions but not others (effect).

1 5 min NAVIGATION M 3 sticky notes (3" x 3”), marker, Interactions in the System
Generate new questions about where energy is coming from and going to in the poster from Lesson 2
spring-launched cart and box collision system.

End of day 2
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Lesson 7 - Materials List

I S " S BN

Damage from Doubling Mass ¢ impact goggles ¢ 1aluminum track with 110-N spring scale

vs. Speed Lab materials

attached to it with hook and loop fasteners
2 pieces of painters tape (4" long each) to
secure track to table top

1cart

5 large washers

sticky putty (1 small-gumball-sized piece)
2 fresh crackers

1 brick

2 sheets of blank paper

2 index cards (3" x 5”)

calculator

timer

Lesson materials ¢ science notebook chart paper
¢ Changes in Kinetic Energy: Investigations #1& 2 markers
* Procedure for Investigation 1 chart paper with
¢ 2 copies of Graphing Kinetic Energy Relationships investigation question
L]

optional: 1 copy each of Alternate: Graphing Mass vs. Kinetic

computer

Energy and Alternate: Graphing Speed vs. Kinetic Energy projector
computer https://youtu.be/yglLbCFu
https://www.openscied.org/collision2-simulation/ qYFo

calculator
Looking back: Explaining and predicting kinetic energy changes in

https://youtu.be/XgczgVA
iCYk

the system https://youtu.be/3RztOw
¢ 3 sticky notes (3" x 3") NQATO
e marker https://www.openscied.o

Materials preparation (30 minutes)

Review teacher guide, slides, and teacher references or keys (if applicable).

Make copies of handouts and ensure sufficient copies of student references, readings, and procedures are available.

rg/collision2-simulation/
Interactions in the
System poster from
Lesson 2

If you anticipate that some students may struggle with setting up the axes and intervals for their graphs in investigation 3 using the blank graph on two copies of Graphing Kinetic Energy
Relationships, make a copy of alternate handouts Alternate: Graphing Mass vs. Kinetic Energy and Alternate: Graphing Speed vs. Kinetic Energy for each of those students. In addition, you may wish
to have extra copies of Graphing Kinetic Energy Relationships if students need to remake a graph or relabel axes.

Test the video you will use on day 1:

¢ https://youtu.be/ygLbCFuqYFo

openscied.org
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¢ https://youtu.be/XgczgVAICYk
¢ https://youtu.be/3RztOWNQATO

Test the simulation you will use on day 2, located at https://www.openscied.org/collision2-simulation/. After it loads, press “setup” and the “go/pause” button to confirm that the model runs.

Day 1: Damage from Doubling Mass vs. Speed Lab

* Group size: Make groups 3-5 students (\.@
e Setup

¢ Safety:

e Storage:
materials can be stored and reused indefinitely.

openscied.org

Attach the fuzzy side of hook and loop fasteners stuck to each 10N push-pull spring scale per group. Attach two corresponding pieces of the m
rough side of hook and loop fasteners to one end of each track at the same distance apart as the fasteners on the spring scales. Remove the
hook from the push-pull spring scale and replace it with a twisted piece of wire, as you did for the 5N push-pull spring scales in lesson 5.
Mount the 10N push-pull spring scale on the track. Tape the end of the track to a table top or to the smooth side of a 4 ft. long piece of
laminate flooring.
Test the results produced by investigation 1, described on Procedure for Investigation 1, to ensure that the cracker does get damaged at least in condition C. The investigation
as written assumes using a generic soda cracker, which cracks relatively easily. But there are other crackers that might crack even easier, such some brand name crackers with
“crispy & thin” designations. You may want to try those in place of generic soda crackers. Fresh crackers damage more easily than stale ones,
and high-humidity environments can prevent damage from occurring on the crackers. If this happens to you, there are two suggested options
to remedy this:
¢ One option is that you can boost the strength of the spring scale launchers by a factor of 2 by mounting two 10N push-pull spring
scales side by side on the track.
¢ A second option is to swap in a stronger spring scale. If you do this, change by the same scale factor the corresponding amounts that
students should use to launch their carts in conditions A B, and C. For example, if you swap in a 20N push pull spring scale for a 10N
one, double the launcher force values from 5N, 7N, and 10N to 10N, 14N, and 20N respectively in Procedure for Investigation 1.

Wear safety goggles or glasses during the setup, hands-on, and take-down segments of the activity.

Never eat any food items used in a lab activity.

Make sure all other fragile items are removed from the test area.

Secure loose clothing, remove loose jewelry, wear closed-toe shoes, and tie back long hair.

Immediately pick up any items dropped on the floor so they do not become a slip/fall hazard.

Follow your teacher’s instructions for disposing of waste materials. Wash your hands with soap and water immediately after completing this
activity.

Discard used crackers in the trash. Unused crackers tend to go stale and do not crack as easy when this happens. Recycle used paper. All other
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Lesson 7 - Where We Are Going and NOT Going

Where We Are Going

In day 1 of this lesson students are introduced to the idea that experiments are not required to have only a single independent variable. Rather, the goal is always to keep careful records of
which variables you intend to keep the same between different conditions and which you are not, as this can allow you to ensure that only one variable is changing between at least 2
conditions that you are testing. They then use this approach in the investigation they carry out. This deepens their understanding of the practice of planning and carrying out investigations.

In day 1 of this lesson students are reminded how quantitative data can be graphed to determine whether the relationship between the independent variable and the dependent variable is
linear or not, in reference to the work they did in Lesson 4. They will engage in this sort of graphing and data analysis using the data they collect from a computer simulation on day 2 of this
lesson. And the related mathematical thinking, where they determine scale factors to describe how much the y values and corresponding x values change between different conditions, will
help prepare them for the type of quantitative data analysis and mathematical thinking they will need to do again in the Lesson 9 assessment. These experiences are helping students develop
fluency engaging in the practices and using the related crosscutting concept (scale, proportion, and quantity) for meeting 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.

There are multiple connections to make to the prior work students have done in math class regarding grade 6 and grade 7 CCS math standards and to how you can help students develop and
use CCC3: scale, proportion, and quantity related to the target lesson-level performance expectations.

To support using the crosscutting concept of scale, proportion, and quantity in this lesson you will help students calculate and use a type of ratio called a scale factor. Students will have
encountered this concept before in math class when engaging in work around these two learning goals from the CCS for mathematics in 7th grade:
¢ 7.G.A.1 Solve problems involving scale drawings of geometric figures, including computing actual lengths and areas from a scale drawing and reproducing a scale drawing at a different
scale.
¢ 7.RP.A.2 Recognize and represent proportional relationships between quantities.

There are multiple connections to make to the work students will be doing in math class this year in grade 8 CCSS for math and to how you can help students develop and use SEP4 (analyzing
and interpreting data) related to the target lesson-level performance expectations. Since students may develop and use these related concepts in math class later in this year, it is
recommended you coordinate with the grade-level math teacher to determine when students will be doing such work so that you know what examples you can draw from or whether such
work comes later in the year.

When students describe and compare the qualitative relationships between the mass of a moving object and its kinetic energy and the speed of a moving object and its kinetic energy they are
developing and using ideas related to this current-grade math standard:
¢ 8.F.B.5 Describe qualitatively the functional relationship between two quantities by analyzing a graph (e.g., where the function is increasing or decreasing, linear or nonlinear).

When students describe and compare the quantitative relationships between speed of a moving object and its kinetic energy they are developing and using ideas related to this current-grade
math standard:
¢ 8.EE.A.1 Know and apply the properties of integer exponents to generate equivalent numerical expressions.

Students will be working with squared relationships and cubed relationships in mathematics in 8th grade. They will be developing and working with expressions and equations that represent
these relationships in symbols, particularly in the context of geometry, with their work on the Pythagorean theorem and determining the volume of cones, cylinders, and spheres.

Students start connecting new ideas about the relationship between forces applied to objects and changes in their kinetic energy. In investigation 1, they collect evidence that relates the
amount of force needed to move an object to its mass and its change in speed, both of which determine that object's kinetic energy. In investigations 2 and 3, they collect evidence that
objects with more kinetic energy need to be pushed more (over a longer distance) to get them to stop moving compared to objects with less kinetic energy.

Where We Are NOT Going

When students compare the relative amount of kinetic energy an object has by determining how far a cart can push a box it collides with and maintains contact with across a surface, they are
using relationships that are part of the work-energy theorem. This theorem describes the quantitative relationship between the change in kinetic energy of an object and the force applied over
a distance on that object. That quantitative relationship is not a focus of the unit and is beyond the grade-band learning targets. But, establishing a qualitative relationship between the net
force applied to an object and how much this changes an object's motion (and the kinetic energy it has) is a focus of the unit. The source of that force (the friction between the box sliding over
the track) is introduced in the next two lessons. But the fact that the strength of this friction force when the box is sliding is nearly constant is not addressed in this unit.
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No attempt is made to assign units to the amount of energy an object has. The focus of this lesson is on the relative changes in amount of energy in terms of scale factors, which are unit
independent. The simulation that students use is https://www.openscied.org/collision2-simulation/.

The focus of this lesson is not on developing an equation that relates the kinetic energy of an object to both its speed and its mass together. Such an equation (kinetic energy = %2 mass x
velocity?) is a high school learning target for PS3.B. In high school students will need to develop mathematical expressions, which quantify the amount of energy in different parts of a system
in order to develop and use models that account for the idea that total change of energy in any system is always equal to the total energy transferred into or out of the system. This lesson lays
the groundwork for that equation but avoids going into that territory as it is well beyond the appropriate learning targets for 8th grade CCS in mathematics as well.
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LEARNING PLAN for LESSON 7

1- NAVIGATION

MATERIALS: chart paper, markers

5 min

Summarize what we figured out so far. Say, Let’s remind ourselves what we figured out so far and where we think we need to head next. Show
slide A. Discuss the questions on the slide as a whole class. This can be a quick check-in on the set of ideas the class should already be in

consensus about.

Suggested prompt

Sample student response

How does increasing either the speed or the mass of a moving object
affect its kinetic energy?

How do such changes affect the peak forces in a collision between
that moving object and a stationary object?

How would such changes affect the amount of damage done in a
collision? Why?

Increasing either the mass or the speed of an object increases its
kinetic energy.

They increase the peak forces on both objects.

It should increase the damage if the peak forces exceed the elastic
limit.

It should increase the amount of shape change or the amount of
permanent deformation.

It may lead to it breaking into pieces if the peak forces are greater
than the breaking point of the object.

Connect to the areas of disagreement in the predictions students shared last time and how we might go about investigating our

competing predictions.

Suggested prompt

Sample student response

Were we in agreement about whether doubling the mass or doubling
the speed of a moving object has a bigger effect on the kinetic energy
of a moving object?

What were some of our different predictions?

openscied.org

No.

Some of us thought doubling the mass would have a bigger
effect, and some of us thought doubling the speed would.

(Some students may say that they would have the same effect.)
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% SUPPORTING STUDENTS IN
ENGAGING IN PLANNING AND
CARRYING OUT INVESTIGATIONS

Though students have planned other
investigations before identifying the
independent and dependent variables in an
investigation they will benefit from seeing
you develop an anchor chart for identifying
the variables in this investigation. This is
because the form of this investigation, where
there is more than one independent variable
to investigate and where students are going
to change the value for more than one
independent variable within a single
investigation, is something they have not
thought through in prior OpenSciEd unit
investigations. Since the procedure for this
investigation is relatively complex and is
already provided for students and this is the
first example of a multi-independent
variable approach to an investigation that
students will have seen, this is not a place
where it would be worth having students
develop the investigation plan on their own.
Instead, have students focus on contributing
to the discussion in the next section about
the variables in the investigation and ways to
ensure that the spring-scale launch method
can be calibrated to produce more-reliable
results.
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Suggested prompt

Sample student response

How could carrying out an investigation where we compare the
amount of damage done in two different collisions help us figure this
out?

If something with twice as much mass does just as much damage
as something with twice as much speed, then they must have the
same amount of kinetic energy.

If doubling the mass results in more damage than doubling the
speed, then increasing mass has a bigger effect on kinetic energy
than doubling the speed.

If doubling the speed results in more damage than doubling the
mass, then increasing speed has a bigger effect on kinetic energy
than doubling the mass.

Say, So if we weren't in agreement on our predictions related to this question, we will need some data in

order to resolve this question about whether changes in mass or changes in speed have a bigger effect on the
kinetic energy of a moving object and the damage it can do in a collision. Let’ think through what we will
need to do to collect that kind of data from an investigation using our cart system in order to try to answer

this question.

Wirite this question on chart paper:

/L/DW mUCA does ”‘”D’”"’f The
g +he mass affect

Speed oF dou bl
pee of on oSJPC" and(

the kinetic €recgy
the resvlting damage 1 can do in &

Collisian ?

¢ How much does doubling the speed or doubling the mass affect the kinetic energy of an

object and the resulting damage that it can do in a collision?

2 - PLANNING OUR INVESTIGATION

12 min

MATERIALS: science notebook, Changes in Kinetic Energy: Investigations #1 & 2, chart paper with investigation question, markers

Identify independent variables. Ask students what variables we will need to change in an investigation that answers the question recorded
on the chart paper. Students should say the mass and the speed of a moving object.

Suggested prompt

Sample student response

If we want to investigate how doubling the mass affects damage in a
system, how would we measure its mass to ensure that we have made
this change to the system?

If we want to investigate how doubling the speed affects damage in a
system, how would we measure or calculate its speed to ensure that
we have made this change to the system?

openscied.org

Using a digital scale.

Use a timer and measure how far it goes in a certain amount of
time.

You can divide the distance the cart travels by the time it takes to
travel that far to determine its speed.%
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% SUPPORTING STUDENTS IN
ENGAGING IN ANALYZING AND
INTERPRETING DATA

Though this summary and related recall of
what students did in Lesson 4 is an
important one to do at this point in the
lesson as it not only reminds students how
quantitative data can be graphed to
determine whether the relationship between
the independent and dependent variables is
linear or not, it is also foreshadowing
something that students will argue for doing
with the data they collect from the computer
simulation in day 2 of this lesson. And it also
helps students understand that this is one
important trade-off to consider in whether
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you design an investigation so that it has

SUPPORTING Working with unit rates and ratios is within the 6th and 7th grade Common Core Math Standards. By the only one independent variable, which lend
STUDENTS IN beginning of 8th grade, students should be well versed in how to do this calculation. If students struggle with themselves to mathematical models that
MAKING coming up with using unit rates to figure out how to measure speed, you may need to prompt them and can be derived from quantitative data vs.
CONNECTIONS IN support them in finding this calculation. designing the investigation so that it has
MATH more than one independent variable, which

allows for comparing the relative impact of
many different factors on a particular
Introduce the idea that we can have more than one independent variable we want to investigate. Say, In your experiences in science so far, outcome.
youve had a lot of experience planning and carrying out investigations where only a single independent variable is changed at a time and you are
trying to keep all other variables constant. This is often a very useful way to approach the design of an investigation since it tends to allow for more % SUPPORTING STUDENTS IN
straightforward data analysis after you collect your data. This is particularly true when the data you are planning on collecting are quantitativeand ~ ENGAGING IN PLANNING AND

you want to graph it afterward to see if there are any interesting trends in it, such as whether the relationship between the independent and CARRYING OUT INVESTIGATIONS
dependent variable is linear or not. You did something like this in Lesson 4 when you graphed the results from your force versus deformation
investigations of wood stirrers and foam. In this investigation, students are provided a

. . . .. . ) method for calibrating the system. This is
Ask students which variables they put on which axis in that case and why. If needed, you can prompt students to look back in their notebook  part of building progression for this practice

to Deformation Results where they graphed these data. that comes together in lesson 12, where
students carry out an investigation where
Suggested prompt Sample student response they must figure out how to calibrate their

system themselves for a control condition
that all other groups are also using, and
which they will use to gather data on a
unique material they are testing and
reporting out the results for.

What was the independent variable that you plotted values for along It was the force we applied to the beam.
the x-axis of your graph? Was it the force you applied to the material
or how much the material deformed?

And then when you plotted the corresponding deformation on the y- It was linear.
axis, what sort of relationship did we see?

Continue explaining ways you can extend this approach to cases where you have more than
one independent variable to investigate. Say, In such cases like the one you just described from
Lesson 4, you are able to see interesting trends in the data on a coordinate graph. As our
investigations become more complex, we may sometimes find that we have more than one Speed or dov sl
independent variable we need to change. In such cases it will be helpful to use a table to keep track of the kinetic €necgy
all the conditions we plan to test before we carry out our investigation so that we can identify which the resylting damege i can doin &
variables we are trying to keep constant between different conditions and which we are not. Let’s
create a table to help us keep track of this for our investigation.

How Much does cevdlng The
the mass offect

cf an OEJ(":'f ancf

Collisian ?

C ov’\df‘h'G_ﬂ:S

Add the following table to the chart paper on which you recorded the question being

g q dend
investigated. \ndepen

Vaciables {
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ALTERNATE
ACTIVITY

Use the suggested prompts below to have students think about what would be an important variable to keep constant between the different

The most common approach to investigating the effects of multiple
independent variables in an experiment is called factorial design. In a
factorial design approach, each level of one independent variable
(which can also be called a factor) is combined with each level of the
others to produce all possible combinations. In this context, doubling
mass and speed would result in testing four conditions, the three
outlined in the table below as well as a fourth, where both the mass
and the speed are doubled. But in the context of the question
students are investigating it doesn't make sense to test that fourth
condition as well. This is what a factorial design approach for this
investigation would look like, in case you want to demonstrate how
to set up the additional table on the bottom of the poster to support
this approach

conditions and how one could measure it to ensure that this variable doesn't change.

Suggested prompt

/

bod v bling Fhe
HDW Much coes clevding
dou bling the mass affect

SP(’ed or ) -
the kinetic enecgy of on object an
the resv /f/ng damage 1# can do in @
Collision ?

arigina/

A
\ndependend Mass |ofiginal
Vaciables speed ociginal

Inde pendart variable #2,
mass

original | double

—_——
origl nal double

independent Oﬁ?“" condition A | condition 15
vacisble
1 :jveq] Qouble | conditien € | conguten B

Sample student response

What would be an important variable to keep constant between Speed.

conditions A and B.

What would be an important variable to keep constant between Mass.

conditions A and C.

So how many variables are we changing between conditions Band A? | One. The mass.

Which one is it?

How many variables are we changing between conditions C and A? One. The speed.

Which one is it?

Summarize that this is an example of building a table to keep track of the variables that we plan to change in each condition we plan to test
and that this can help us recognize which variables are important to keep constant between each condition.

Distribute Changes in Kinetic Energy: Investigations #1 & 2. Instruct students to add this to their science notebooks to record their data in later.

Show slide B. Say, Because you need a repeatable way to launch the cart at the same speed in condition B as you did in condition A, we are going to

use a spring scale as a launcher. Lets think about how using a spring scale as a launcher can help us do that.

Ask the following questions to raise issues related to the spring scale’s use, the accuracy of the launch method, and the need to calibrate the

system.

openscied.org
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Suggested prompt Sample student response

If you push the cart against the spring scale and hold it at that position | It will move down the track.
and then release it, what do you expect to see the cart do?

If you repeat what you did so that you push the cart against the spring | It should move down the track in the same way.
scale just as far as the previous time and hold it at that position and
then release it, how should its motion compare to the previous launch? | It should launch it at the same speed.

What are some sources of error in this system that might cause it to You might not be putting it at exactly the same position as before.
not launch at exactly the same speed each time you release it from
the same position as before? You might have forgotten to zero the scale.

Your fingers might get in the way of the release.

There might be stuff on the track that gets in the way.

What might be some sources of error when comparing the damage Crumbs might break off and they aren't part of the damage.

results?
You might lose track of the pieces that break off.

Motivate the need for multiple trials and calibration for each condition based on these possible sources of error. Say, The sources of error
weVe identified mean that before adding the damage target, the cracker, to the setup you will want to do a few trials to make sure you are confident
that the speed of the launch isn't changing when you launch the cart from the same launch position every time. % Follow the procedure you will
receive as it will describe this in more detail and will provide you steps on how to ensure that you capture all the pieces that might fall off the
damaged object, the cracker, on a piece of paper under the brick. An image of this is shown on the slide.

ALTERNATE The cracker shown on the side is a generic soda cracker. It cracks relatively easily. But there are other crackers

ACTIVITY that might crack even easier, such as some brand name crackers with “crispy & thin” designations. You may want
to try those in place of generic soda crackers. If you do, you can swap in a new photo on this slide showing
these new crackers in place of the default one on the slide.

3 - CARRY OUT AN INVESTIGATION ON DAMAGE FROM DOUBLING MASS VS. SPEED

MATERIALS: Damage from Doubling Mass vs. Speed Lab, science notebook, Procedure for Investigation 1, Changes in Kinetic Energy: Investigations #1& 2

14 min

Show slide C. Distribute Procedure for Investigation 1 to students. Point out where in the room you want students to bring their damaged test
objects (broken crackers and the index cards they were attached to with sticky putty and the papers used to collect the related debris from
these crackers) at the end of their investigation, such as a back table or counter. Ideally this is a place students can either pull their chairs
around or gallery walk along to be able to see the results. The purpose here is to provide them a space where everyone can do a quick glance
over multiple sets of results quickly.
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SAFETY Remind students of safety considerations. Students should wear impact goggles during this investigation.
PRECAUTIONS

Monitor groups as they carry out investigation 1 following the procedure on Procedure for Investigation 1.

4 - ARGUE FROM EVIDENCE FOR WHICH FACTOR AFFECTS KINETIC ENERGY MORE

4 min

MATERIALS: None

Argue for what the data show us. Gather students around the pooled class results (crackers on paper) or give them a couple minutes to do a
gallery walk past all the collected results. Ask students to study the results and be prepared to make an argument for the answer to this

original question based on our results:
¢ How much does doubling the speed or doubling the mass affect the kinetic energy of an object and the resulting damage that it

can do in a collision?

Briefly discuss what the data tell us. Students will argue that doubling the speed of a moving object has a bigger effect on its kinetic energy,

which causes it to have a greater amount of damage. Ask multiple students to weigh in on how the evidence supports this conclusion.
Students should say that objects from condition C (doubling the speed) show more damage (more pieces and/or more cracks) in them than
the same objects from condition B (doubling the mass).

ADDITIONAL Students may also note that this may be because the spring scale was pulled back further in condition C than in
GUIDANCE condition B. The lesson, as written, plans for students to start thinking about the qualitative relationship
between changes in the maximum force from the launcher on the cart and the amount of energy transferred to
the cart subsystem at the end of the lesson, rather than now. But if students spontaneously raise these
noticings now during the investigation, follow up with additional questions in the moment to encourage
additional reasoning about what they notice. Suggested prompts include the following:
¢ What does this tell you about the relationship between the force needed to move an object and its
mass?
¢ What does this tell you about the relationship between the force needed to move an object and its
speed?
¢ What does this tell you about the energy needed to get a stationary object to speed up twice as much
as compared to getting an object to move at the original speed with twice as much mass?
¢ What does this tell you about which object might take more force to slow to a stop? (This question will
help students anticipate the results from investigation 2.)
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5. ANALYZING DATA FROM A QUANTITATIVE MEASURE OF ENERGY TRANSFER 12min

MATERIALS: science notebook, Changes in Kinetic Energy: Investigations #1& 2, computer, projector,

Problematize the unanswered part of our question (quantifying “how much”). Say, Though we can use our observations to argue that doubling
the speed of a moving object has a greater effect on its kinetic energy than doubling its mass, our original question we were investigating was asking
us “How much does doubling the speed or doubling the mass affect the kinetic energy of an object and the resulting damage that it can do in a
collision?” Knowing how much of an effect one thing is having on something else can be answered through simply ranking our results to determine
which thing has a bigger effect. But knowing specifically how much more is not something we can say unless we have some sort of way to quantify all
the variables that are part of this question. We have a way to quantify the mass and speed of an object, but we don't have a way yet to quantify the
amount of kinetic energy that object has.

Introduce the potential advantages of a quantitative measure of kinetic energy. Say, Finding a way to quantify how much kinetic energy an
object has when we change its mass or its speed could provide us another tool for explaining why some things get damaged in a collision and others
dont. It could also help us more precisely predict the amount of damage a moving object could do and maybe even give us ideas about ways to
design solutions to prevent such damage from happening.

ADDITIONAL This is the first time you will have raised the suggestion of designing solutions to prevent damages in a collision.
GUIDANCE This is designed to start foreshadowing the direction of Lesson 9 and beyond in the unit.

Introduce a way to quantify the relative amounts of kinetic energy an object has. Say, Scientists and engineers have developed different ways
to measure and compare how much more kinetic energy one object has compared to another. One of those ways is to measure the entire distance
over which two objects push on each other during a collision. This method involves colliding the moving object into a stationary object in such a way
that the object that was moving remains in contact with the object it collided with and continues to push it along a surface until both have stopped
moving, without causing any damage. Let’s see what an example of this method looks like.

Orient students to an example of such a measurement by showing this video clip: https://youtu.be/yglLbCFuqYFo.

Share likely sources of error in the system. Say, We have seen the result from only one trial for one condition. If the person who made this video
ran multiple trials for this one condition, using the same mass and speed each time, why might it be reasonable to still expect that there would be
some amount of variation in how far the box is pushed in each trial? What might cause that variation? Anticipated responses will reference
sources of error students mentioned earlier in the lesson.

Say, If we know there might be slight variation in the results, lets look for some really general patterns in the data from just one trial of the same three
conditions we collected data on with our first investigation.

Show slide D. Explain to students that you will show the video again and that they should prepare to record the related data for investigation
2 on Changes in Kinetic Energy: Investigations #1& 2. Show the video for condition A again: https://youtu.be/yglLbCFuqgYFo. Pause the video as
needed. Give students a minute to record the related data.

Show slide E. Have students turn and talk about the questions on the slide. %

¢ When we double only the mass of the cart, how much further will it push the box?
¢ When we double only the speed of the cart, how much further will it push the box?
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ALTERNATE If time is short, you can pause the end of the first day of the lesson here on a cliff-hanger and tell students that

ACTIVITY we will collect the remaining data to check our predictions next time. If you do this, carry over the video analysis

as well as the discussion of predicting the effects of tripling the mass or speed of the cart from slide G to the
start of the next day.

Show and record data from the related videos. Show slide F.

¢ Show video 2: https://youtu.be/XgczgVAiCYk. Give students a minute to record the related data in their investigation 2 data table on

Changes in Kinetic Energy: Investigations #1& 2.

¢ Show video 3: https://youtu.be/3RztOWNQATO. Give students a minute to record the related data in their investigation 2 data table

on Changes in Kinetic Energy: Investigations #1& 2.

These are all the values that students will end up recording in their data table for investigation 2:

The same spring-scale launcher position (force in N)
were used for these conditions as were used in investigation 1

mass (g) original: double: original:
64.2 128.4 64.2
average cart speed original: original: double:
(cm/sec) 93 93 186
distance the box was 10.2 204 40.5
pushed before
coming to a stop (cm)

Show slide G. Have students turn and talk about the questions on the slide. Give three minutes for this discussion:
¢ About how many times further did the box get pushed when the mass was doubled?
¢ About how many times further did the box get pushed when the speed was doubled?
¢ What does this tell us then about how much more kinetic energy the cart had in each case?
¢ Based on these patterns, make a new set of predictions:
e [f you tripled only the mass of the cart, how many times further will it push the box?
e If you tripled only the speed of the cart, how many times further will it push the box?

Summarize that we will revisit these predictions next class to help us develop a mathematical model for quantifying the amount of kinetic
energy an object has in order to be able to more accurately predict and explain what causes damage in some collisions and not others.

End of day 1
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6 - NAVIGATION

MATERIALS: science notebook, Changes in Kinetic Energy: Investigations #1& 2

5 min

Show slide H. Cue students to look back at the results they recorded for investigation 2 on Changes in Kinetic Energy: Investigations #1& 2.

Discuss the questions on the slide.

Suggested prompt

Sample student response

About how many times further did the box get pushed when the mass
was doubled?

About how many times further did the box get pushed when the speed
was doubled?

What does this tell us then about how much more kinetic energy the
cart had in each case?

Based on these patterns, what predictions did you and your partner
make about the following: If you tripled only the mass of the cart but
kept its speed the same, how much further will it push the box?

If you tripled only the speed of the cart but kept its mass the same,
how much further will it push the box?

About twice as far.

Doubling the mass almost doubled the distance the box was
pushed (compared to condition A).

About four times as far.

Doubling the speed almost quadrupled the distance the box was
pushed (compared to condition A).

It had double the kinetic energy when we doubled its mass, but it
had four times as much kinetic energy when we doubled its
speed.*k

Tripling its speed would push the box six times as far, but tripling
its mass would push it only three times as far.

Tripling its speed would push the box nine times as far, but tripling
its mass would push it only three times as far.

ADDITIONAL

Listen for this key idea, as helping students see that the relative increase in the distance the box is pushed is a

% SUPPORTING STUDENTS IN
DEVELOPING AND USING SCALE,
PROPORTION, AND QUANTITY

To support using the crosscutting concept of
scale, proportion, and quantity in this lesson
you will refer to an idea from mathematics
called a scale factor. Students will have
encountered this concept when engaging in
work around two related learning goals from
the CCS for mathematics in 7th grade. In this
lesson, scale factors are used to describe the
ratio of two different masses or two different
speeds or two different amounts of kinetic
energy. So for example, doubling any
amount of mass would mean the ratio of the
new mass to the old mass is 2, which is the
scale factor. Halving the speed would mean
the ratio of the new speed to the old speed
is 0.5, which is the scale factor. Predicting
and ultimately discovering how such
changes affect the corresponding scale
factor for kinetic energy (the ratio of the new
kinetic energy to old kinetic energy) is the
key discovery students will be making in the
next investigation.

GUIDANCE measure of the relative increase in the kinetic energy of the object.

Connect to the idea of scale factors from math class. Say, When you are saying you predict the new value compared to the old value will be 3
times more or 6 times more, you are describing the ratio of the new value to the old value as a scale factor.

Motivate the need for a mathematical model. Say, Notice that just one set of results is allowing us to make more mathematically precise
predictions about the effects of scaling up the mass or speed by a different scale factor than 2. More data could help us develop an even more general
mathematical model so that we can accurately predict how any change in the mass or change in the speed of a moving object would affect its kinetic
energy. But to develop such a general mathematical model we are going to need more data.

Problematize the limitations of the setup shown in the video. Emphasize that the track we used is only a meter or less long and that is true
of the track we saw in the video too, so in our classroom space and with the limited supplies we have, we would run out of space and/or track
if we keep increasing the kinetic energy of the cart and try to see how far it pushes the box.
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Recall previous examples where students used computational simulations study. Say, Youve seen many cases in your previous science work
when you were limited in your ability to study the entire system in some way. Sometimes when this happened, you switched to using a computational
simulation to collect additional data. What were some of the systems you've studied where youve used a computational simulation to collect
additional data about the system?
Students will say things like these:

e particle collisions in Cup Design Unit

¢ absorption of food in the small intestine in Inside Our Bodies Unit

¢ photosynthesis in the chloroplasts of a leaf in Maple Syrup Unit

e orangutan ecosystem interactions in Palm Oil Unit

7 - PLANNING FOR USING A COMPUTATIONAL SIMULATION

MATERIALS: science notebook, 2 copies of Graphing Kinetic Energy Relationships, optional: 1 copy each of Alternate: Graphing Mass vs. Kinetic Energy and Alternate: Graphing Speed vs. Kinetic

Energy, computer, projector,

5 min

Introduce the computational simulation students will use for investigation 3. Say, Let’s prepare to collect some additional data from a
computer simulation that will allow us to further explore the relationship between the mass and speed of a moving object and its kinetic energy. First
let’s orient ourselves to the interface we will be using.

Demonstrate a model run for the default simulation settings. Load the simulation, located at https://www.openscied.org/collision2-simulatio
n/. After the model loads, press “setup” and ask students what they notice. They will say that they see a cart, a track, and a box.

Press “go/pause” and run the model. Ask students what they notice. They will say that the cart coasted down the track and ran into the box
and pushed it a certain distance down the track.

Ask students, using the prompts below, how this simulation would allow us to collect the data we need to answer the question we have been
considering.

Suggested prompt Sample student response

We were debating the effects of tripling the mass or speed of a moving
object on its kinetic energy. How would this simulation allow us to
answer this question?

What is the relationship between how far the box moves and the
kinetic energy of the virtual cart?

In addition to tripling the mass or the speed, lets remember that we
want to get a more complete sense of the mathematical relationship
between changes in the mass or the speed and resulting changes in
kinetic energy of a moving object. How many different data points do
you think youd need in order to determine what the trend is in a graph
of your data?

We could triple the mass and see how much further it pushes the
box and we could do the same for tripling the speed.

The distance the box is pushed is a measure of the kinetic energy
of the cart.

More than two.
Four.

As many as possible.

Set up data collection tables. Show slide I. Distribute two copies of Graphing Kinetic Energy Relationships to each student as students are
setting up their science notebooks to collect their data. Ask students why they will need two pieces of graph paper. They will say that they
will need one for each data table or one for the effects of speed changes on kinetic energy and one for the effects of mass changes on

kinetic energy.*

openscied.org
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% ATTENDING TO EQUITY

Universal Design for Learning;: If you have
students who may struggle with setting up a
graph, use Alternate: Graphing Mass vs. Kinetic
Energy and Alternate: Graphing Speed vs.
Kinetic Energy in place of the two copies of
Graphing Kinetic Energy Relationships. These
two alternate handouts have the axes
labeled already for the students and will
provide an access point for students who
may not know how to do this yet or may
struggle with this math skill.
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8 - COLLECTING AND GRAPHING DATA FROM A COMPUTATIONAL SIMULATION 15 min

MATERIALS: science notebook, 2 copies of Graphing Kinetic Energy Relationships, optional: 1 copy each of Alternate: Graphing Mass vs. Kinetic Energy and Alternate: Graphing Speed vs. Kinetic

Energy, computer,

Q/ Provide instructions for investigation and graph creation. Show slide J. Tell students that you want to collect their graphs at the end
of the investigation as a formative assessment.

Cue students to launch the simulation (https://www.openscied.org/collision2-simulation/) on their own computers.
Monitor students during the investigation. Seven minutes into the investigation, cue students to start graphing their data if they have

sufficient data in their data tables. This will leave eight minutes for developing the graphs, which some students will need, particularly since
they are setting up the x-axis and y-axis and related intervals for both graphs on their own.

ASSESSMENT Building towards: 7.A Construct, analyze, and interpret graphical displays of data collected from a computer
OPPORTUNITY simulation to identify patterns in the data, including a linear relationship between the mass of a moving object
and its kinetic energy and a nonlinear relationship between the speed of a moving object and its kinetic energy.

What to look for/listen for:

¢ the y-axis on both graphs labeled as “kinetic energy of the cart (measured as the distance the box is

pushed)”

¢ the x-axis on one graph labeled as “mass” and the x-axis on the other graph labeled as “speed” or
additional detail in the labels such as “mass of the moving object for a fixed speed” on the x-axis and
“speed of moving object for a fixed mass” on the y-axis.
some major intervals marked on both graphs
equal intervals used along each axis
coordinate data points plotted on both
a directly proportional pattern [linear and passing through (0,0)] in the mass vs. kinetic energy graph
a nonlinear (quadratic) pattern curving upward from (0,0) in the speed vs. kinetic energy graph

What to do:

¢ |f you see students assigning the mass or the speed to the y-axis rather than the x-axis, encourage
them to reference their graph from Lesson 4 to identify which variable was their independent variable
and which axis they put it on in that graph.

¢ |f you see students trying to assign a label to every interval on their axes, suggest they take the
approach they see on a metric ruler, where only major intervals are labeled, such as every 10 mm
intervals, so that the in-between interval lines are assumed to be 1/10 of the value between each
major interval.

¢ If you see students alter their y-axes scale to go by nonlinear intervals, point out that it's easier to see
linear vs. nonlinear patterns in coordinate graphs if the intervals for each axis are always equal along
that axis and give students a new piece of graph paper to reset these up on.
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9 - ANALYZE AND INTERPRET RESULTS OF OUR INVESTIGATION

MATERIALS: science notebook, calculator, 2 copies of Graphing Kinetic Energy Relationships, optional: 1 copy each of Alternate: Graphing Mass vs. Kinetic Energy and Alternate: Graphing Speed vs.

Kinetic Energy, chart paper, markers

10 min

Show slide K. Give students 4 minutes with a partner to discuss the questions and do the calculations described on the slide. After this,

discuss these questions as a whole class.

Suggested prompt

Sample student response

Let’s start with changes in the mass. What patterns do you notice in
your graphs and tables?

If we think back to Lesson 2 and work you have done in math class,
how could we describe this relationship between mass and kinetic
energy.

A linear relationship is one way to describe this. We also can say it is
“directly proportional” so that when one thing goes up, the other goes
up the same.

Let’s see what this means: How much would the kinetic energy of a
moving object increase if it had three times as much mass but the
same speed?

How about four times as much mass but the same speed?

So are you saying that however many times more the mass is, that
tells you how many more times kinetic energy the object has?

When the mass goes up, the kinetic energy goes up the same
amount.

The ratio of kinetic energy to mass is constant.

Itis linear.

Three times as much kinetic energy.

Four times as much kinetic energy.

Yes.

Start an anchor chart where you can summarize the relationships. Say, We can represent that relationship in a general way. Add a title to the
poster: “How changes in mass and speed affect the amount of kinetic energy an object has”

Under this add the following:

For changes in mass
however many times more mass there is
= however many times more kinetic energy there is

openscied.org
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% SUPPORTING STUDENTS IN
ENGAGING IN PLANNING AND
CARRYING OUT INVESTIGATIONS

Students should readily recognize that the
relationship between mass and kinetic
energy is directly proportional, as such a
relationship is one they have encountered in
graphs many times in Common Core
mathematics since 6th grade. Recognizing
the relationship between speed and kinetic
energy as nonlinear will also be
straightforward. But describing the change in
kinetic energy as being related to the square
of the speed of an object will be challenging.
To help students see this, you may find it
useful to talk about the scale factors related
to the changes.

One useful way of talking about scale factors
is the number that describes how many
times larger a new number is compared to
an old number. Another way to think about
scale factors is as a ratio of a new value to an
old value.

Students will have encountered working with
squared relationships in 6th grade, in finding
the surface area of a cube with sides of
length s, and in 8th grade they will be
working with squaring the side lengths of a
right triangle in their work with the
Pythagorean theorem. Coordinate with your
math teachers to determine where you
students will be at in their familiarity with
thinking about symbolic relationships like
this.
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Ask about scaling down the mass.

How ohanges 1n wass and speed affect e
vy Yo vukic energy an oojeck has

for cranges  In_ mass
however  many fimes more MAss thore (s
= however many tmes mee lanefic erargy +hore (S

Suggested prompt Sample student response

What if we scale the mass down so that it has one-third as much It should be one-third of what it was.
mass. How much should the kinetic energy of the object change?

Suggest that what we wrote should also therefore have the phrase “or
fraction of it there is” in it to show that we can scale the mass up or down Wow  Changes n  mass  and speed afect e ‘
and the amount of kinetic energy scales up or down accordingly. Add this Ot © of  kesnehic bect

phrase to the statement on the chart paper. el s has

Aol pelatoshis )

Tor changes In  rass (#is Js a Lniar djrectly
o

For changes in mass (this is a linear, directly proportional relationship) Vikiaer roavi i e e S St TS e
however many times more mass there is or fraction of it there is ACE mj,e is
= however many times more kinetic energy there is or fraction of it thereis  _ /= a0y simss oo Kinebe energy Hhere

: F ot e
Shift to describing and representing the relationship between speed and s o HriciierEt e S

kinetic energy. Say, What about for the general relationship between speed

and kinetic energy?
Suggested prompts Sample student responses Follow-up questions
What about patterns about speed? What The more you increase the speed of an How does the graph help you see that?
patterns do you notice in your graphs and object, the more the kinetic energy of it
tables? goes up. Can you show us what you mean?
How much would the kinetic energy of a Twenty-five times as much kinetic energy. How did you figure that out?
moving object increase if it had five times as
much speed but the same mass?
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Suggested prompt Sample student response

How about four times as much speed but the same mass? Sixteen times as much kinetic energy.

So are you saying that however many times more the speed is, you
can just take that number and square it and it tells you how many
more times kinetic energy the object has?

Yes.

What if we scale the speed down so that it has one-third as much as

It should be one-ninth of what it was.
before? How much should the kinetic energy of the object change?
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Say, We can represent that relationship in a general way. Add this to the chart
paper: Pow  Clanges n mass and speed  affed e
Omovnt " of  kehic enery  an ohject  has

For changes in speed (this is a nonlinear relationship) % : " ~ ,
: . ; . . (nis s a lnear, directty
(however many times more speed there is or fraction of it there is)2 T Sangs ¥ 'm“ propertioral  reldtoashif) .
= however many times more kinetic energy there is or fraction of it there is l””"é’gfﬁg m“”je 75';/;25 bae. PR g T3 o el
| -M Qv

= however many hmis o Kinehe enzrgy e
15 or +Packhon of M Huwe IS

Yor_croages 10 peed _

(nowerex oy hmes mp;e $Peed Hue 15 OF Lrackusn
oF i+ P 1s>

= \owever many) Hmes more  kehc energy
duve 15 or krackipn of it here 1S

ADDITIONAL Extension opportunity: For students who find more-complex computational thinking highly engaging, you
GUIDANCE could give them an optional set of questions to consider to express their understanding of how combined
effects of changing both the mass and the speed of an object would affect its kinetic energy. These possible
questions include the following:
¢ How would the kinetic energy of an object change if it had three times as much mass and double the
speed? (answer: It would have 12 times the kinetic energy as it did before.)
¢ How would the kinetic energy of an object change if it had half as much mass and half as much
speed? (answer: It would have one-eighth as much kinetic energy as it did before.)
¢ How would the kinetic energy of an object change if it had ten times as much mass but moved 1/10th
as fast? (answer: It would have 1/10th the kinetic energy as it did before.)
¢ How would the kinetic energy of an object change if it had sixteen times as much mass but 1/4th the
speed. (answer: It would have the same amount of kinetic energy as it did before.)

10 - INDIVIDUAL EXPLANATIONS 5 min

MATERIALS: science notebook, 2 copies of Graphing Kinetic Energy Relationships, optional: 1 copy each of Alternate: Graphing Mass vs. Kinetic Energy and Alternate: Graphing Speed vs. Kinetic

Energy, Looking back: Explaining and predicting kinetic energy changes in the system

Celebrate that we have a way to quantify changes in kinetic energy. Say, We made some real progress in figuring out a mathematical model
that predicts how changes in mass versus changes in speed affect the kinetic energy of a moving object. But how does this help us more fully explain
our anchoring phenomenon? Early in our work we said there is energy being transferred in collisions and that there are forces at work too. Let’s try to
unite those two perspectives more fully by thinking about all the places energy is getting transferred in our launcher system.

EQ/ Have students connect what we have figured out back to our anchoring phenomenon. Show slide L. Distribute Looking back:

] Explaining and predicting kinetic energy changes in the system. Emphasize that this is a formative assessment that you want to collect
along with the graphs at the end of the period and that it focuses on the work we have done in this lesson. Give students the remaining time
to complete the questions on Looking back: Explaining and predicting kinetic energy changes in the system and have them turn this in along with
their graphs at the end of the period. Students may use their science notebooks as reference for this task. If time is short, assign this as home
learning to turn in at the start of the next lesson or move it to the start of that lesson as an entrance ticket.
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ASSESSMENT Building towards: 7.B Construct an explanation based on quantitative relationships (scale) for whether

OPPORTUNITY decreasing the mass of a moving object or decreasing its speed would have a bigger effect on the peak forces
produced in a collision between it and a stationary object and use these ideas to further explain why this would
cause damage in some collisions but not others (effect).

What to look for/listen for: On Looking back: Explaining and predicting kinetic energy changes in the system, any
answers for questions 1and 2 are acceptable. Many students will say that all three investigations were useful for
question 1 (understanding the relationship between kinetic energy and damage). Most students will say
investigation 3 in particular was most useful for question 2 (understanding the relationship between changes in
mass and speed of a moving object and the amount of kinetic energy it has). Look for the following answers for
questions 3 through 5:
¢ Q3): Reducing the mass of an object in half should reduce the kinetic energy to be half of what it was.
¢ Q4): Reducing the speed of an object in half should reduce the kinetic energy to be one quarter of
what it was.
¢ Q5): We can predict how much more or less kinetic energy an object has when its speed or mass
increases or decreases. These changes in kinetic energy would affect the peak forces produced in a
collision. And if those peak forces don't exceed the elastic limit of the materials or objects that collide,
then no damage will occur, but if they do exceed it then damage will occur.
What to do: If students incorrectly answer Q3 or Q4, have them refer to specific data they gathered from
investigation 3 where the mass was halved and the speed was halved and have them calculate the related
fraction of kinetic energy that resulted from this change, then have them use this calculation to support, refute,
or revise their claim. If students don't connect to ideas about peak forces or elastic limit in Q5, ask them, What
ideas can you use about peak forces and the elastic limit of materials to develop a chain of cause and effect between
how factors that affect kinetic energy like mass and speed are related to what is happening during the actual collision
that helps explain why damage occurs or not?

11- NAVIGATION >min

MATERIALS: science notebook, 3 sticky notes (3" x 3”), marker, Interactions in the System poster from Lesson 2

Unite two additional ideas related to energy transfer. Say, You've just used the model we developed to explain how changes in the mass or the % SUPPORTING STUDENTS IN
speed of an object would affect whether damage would result in a collision. This model uses kinetic energy of a moving object as an important way of DEVELOPING AND USING ENERGY

predicting what will happen in a collision. AND MATTER

Refer to the Interactions in the System poster you made at the end of Lesson 2 . .

that summarized an energy perspective and a force perspective in a collision. Fevrach in +he sustem These are just a few examples of the kinds of
: X 8y Persp rce persp ; FrerasTns i 3 phenomena you could reference from other

Point out thgt th|§ poster reminds us of how we lpltlally argued that energy is pooce e - 1 W OpensSciEd units students have completed.

transferred in collisions and that there are forces involved. cotisto , | Instead of repeating the examples here

ey “ : \ verbatim, cite the actual examples and how
. . . . . P Oyect 2| | [gect 2 |9, Kinetic energy i

Problematize where the energy is coming from and going to in the system. Say, %( ssﬂ W* i (g | T ek students %G_SC'Ebed th;m that they

But when we initially made this poster you provided a lot of examples of other LZ e ] | erenge mentioned in Lesson 2.

systems where you tracked the energy flow across the system. You gave examples of E”“’/?Ee B vk This cross-unit connection is an important

phenomena that included things like cold liquid in a cup warming up or the formation . one to make now to helo recall hovs

of a hailstorm or the changes in the size of orangutan populations as a result of \ j’;:f:’“e W common and therefore Ff:ow eneralizable

changes in the amount of accessible fruit trees in a forest ecosystem. In all these Torce e 15 e paneg | e IS qubing |owes o e e and powerful the use of the cgrosscuttin

examples, we tried to track where the energy came from and where it went to in the P | e e e ‘ b ;?ﬁa; e P concF:: t is across the brior svsterm mo d%ls

system in order to better understand the phenomena. % e 5 ek end o e P prior sy

srofe when qushed that students have developed in OpenScikd

[ a colliston
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Problematize where the energy comes from in the system and where it is going. Say, Thinking about where the energy is coming from and units: The transfer of energy can be tracked as
where it is going in a collision could help us understand and explain even more about collision-related phenomena. So let's consider an energy energy flows through a designed or natural
perspective for the entire system we used in this lesson with the cart, spring scale launcher, track, cracker, and box. system.

Show slide M. Have students turn and talk to discuss the questions on the slide.

Save the last minute to have students make note of what new questions they have. If time permits you could have them write these new
questions on sticky notes and add them to their science notebooks to share next time. Either way, suggest to the class that we will pick up
our next lesson with this line of thinking by having students share some of the new questions that they are now considering about the entire
system we used in the first two investigations in this lesson.

SUPPORTING Students calculate and use a type of ratio called a scale factor in this lesson. Students will have encountered
STUDENTS IN this concept before in math class in one or both of these contexts:
MAKING ¢ 7.G.A.1 Solve problems involving scale drawings of geometric figures, including computing actual

lengths and areas from a scale drawing and reproducing a scale drawing at a different scale.

CONNECTIONS IN ¢ 7.RP.A.2 Recognize and represent proportional relationships between quantities.

MATH
There are multiple connections between the work students will be doing in this lesson and the work they will be
doing in math class this year (grade 8). These include the following:

¢ 8.F.B.5 Describe qualitatively the functional relationship between two quantities by analyzing a graph
(e.g., where the function is increasing or decreasing, linear or nonlinear).

¢ 8.EE.A.1 Know and apply the properties of integer exponents to generate equivalent numerical
expressions.
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LESSON 8: Where did the energy in our launcher system come from, and after the
collisions where did it go t0?

PREVIOUS LESSON  We carried out an investigation to determine how doubling the speed of an object vs. doubling its mass affects the amount of damage it does in a collision. We
used a computer simulation to collect data on the relationship among the mass, speed, and kinetic energy of an object. We developed mathematical models of
these relationships and used them to predict and explain how this could affect the amount of damage in a collision.

THIS LESSON We develop a model to show where energy is transferred between the spring, cart, and box and how contact
forces cause this energy transfer. We use this to start brainstorming other places where contact forces may be
INVESTIGATION causing energy transfer in the system.

1day

7o)
oy

NEXT LESSON  We will conduct investigations to gather evidence to explain what other forces affect the kinetic energy of an object before a collision. We will develop claims

using our evidence and provide and receive feedback with peers to synthesize our ideas. We will revise our model to show additional places in the launcher
system where energy is transferred and how contact forces cause this energy transfer.

BUILDING TOWARD NGSS | WHAT STUDENTS WILL DO

MS-PS2-1, MS-PS2-2, MS-PS3-1, | 8.A Develop and use a model to identify other parts of the system the cart and box are making contact with or colliding into that could be
MS-ETS1-2, MS-ETS1-3, MS-LS1-8 | producing contact forces on these subsystems, causing energy to be transferred to or from them as the box and cart travel down the track.

@ WHAT STUDENTS WILL FIGURE OUT

The more force you apply to an object the more that object speeds up.

It takes more force to speed up a more-massive object the same amount as a lower-mass object.

Potential energy can be stored in some systems when you change the shape or arrangement of parts in that system (e.g., a spring).
Contact forces transfer energy between different objects or subsystems within the larger cart-launcher system.
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Lesson 8 - Learning Plan Snapshot

8 min

2 5min

3 20 min

4 7min @

5 5 min

NAVIGATION
Share new questions related to where energy was transferred
from and to in the spring-scale cart-launcher and box system.

INDIVIDUAL EXPLANATIONS

Construct explanations about where and how energy was
transferred from and to in the spring-scale cart-launcher and box
system.

DEVELOP A CONSENSUS MODEL OF ENERGY TRANSFERS IN
THE SYSTEM

Develop a model in a Scientists Circle to show where energy was
transferred from and to in the spring-scale cart launcher and how
contact forces caused this energy transfer up to the point of the
collision between the cart and the box.

INDIVIDUAL MODELS

Develop and use a model to identify other parts of the system the
cart and box are making contact with or colliding into that could
be producing contact forces on these subsystems.

NAVIGATION
Discuss other parts of the system that the box and cart are making
contact with that could be producing contact forces.

I Y S ) S S
1 A

Tracking energy transfers in our launcher system

Energy transfers and contact forces in the launcher, cart, track, and box system, colored
pencils, Energy transfers and contact forces in the launcher, cart, track, and box
system poster, colored markers, 13 prelabeled post-its (9 triangular with words, 2
square with red dots, and 2 rectangular with blue curved arrows).

Energy transfers and contact forces in the launcher, cart, track, and box system,
Modeling other force interactions in the launcher, cart, box, and track system, colored
pencils, Contact Force Interactions poster from Lesson 5 (optional)

4 index cards, 1 rubber band, Investigating Surface Interactions, Investigating
Interactions with the Air, Energy transfers and contact forces in the launcher, cart,
track, and box system poster, 18 prelabeled post-its (14 triangular, 2 square, and 2
rectangular).

End of day 1
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Lesson 8 - Materials List

oo T, T

Lesson materials science notebook Energy transfers and contact forces in the launcher
Tracking energy transfers in our launcher system cart
Energy transfers and contact forces in the launcher, cart, track, and box system track

and box system poster

colored markers

13 prelabeled post-its (9 triangular with words

2 square with red dots

and 2 rectangular with blue curved arrows).

Contact Force Interactions poster from Lesson 5 (optional)
18 prelabeled post-its (14 triangular

2 square

and 2 rectangular).

°
L]
°
¢ colored pencils

* Modeling other force interactions in the launcher, cart, box, and track system
e 4index cards

¢ 1rubber band

* Investigating Surface Interactions

e Investigating Interactions with the Air

Materials preparation (20 minutes)

Review teacher guide, slides, and teacher references or keys (if applicable).
Make copies of handouts and ensure sufficient copies of student references, readings, and procedures are available.

Make a copy of Investigating Surface Interactions and Investigating Interactions with the Air for each student as you may find that most students elect to do both rather than just one of the
investigations as home learning.

Before class begins, make a poster titled “Energy transfers and contact forces in the launcher, cart, track, and box system” so that it mirrors the top portion of Energy transfers and contact forces
in the launcher, cart, track, and box system and includes only time O through time 3.

Cut 9 sticky notes (3" x 3”) in half along the diagonal, keeping the sticky backed halves. Label the diagonal pieces as shown in the farthest photo to the right. Take 2 uncut sticky notes (3" x 3")
and label them with a curved blue arrow. Cut out 2 rectangles out of another sticky note that are approximately 1" x 1.5”. and draw a red circle on each. This will make 13 total sticky notes.

Position all of these sticky notes on the poster ahead of time to make sure you can lay them out in the positions shown. Remove these sticky notes and set them to the side to reuse between
classes so that you can interactively place them on the poster with your next class.

Prepare sets of 4 index cards and a rubber band wrapped around them for each student to take home.
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Lesson 8 - Where We Are Going and NOT Going
Where We Are Going

Students learn that contact forces are causing energy transfer through the launcher system, and they generalize this idea as
contact forces can cause energy transfer in any system. Students will use this idea in the Lesson 9 assessment and will revisit it in
future OpenSciEd units, including OpenSciEd Unit 8.2: How can a sound make something move? (Sound Unit).

They learn that potential energy can be stored in some systems when the shape or arrangement of parts in that system is changed
(e.g., a spring). This is the first introduction to stored (potential) energy in the OpenSciEd unit sequence. Students will expand and
deepen their understanding of this form of energy in OpenSciEd Unit 8.3: How can a magnet move another object without touching it?
(Magnets Unit), where they figure out that the field between objects stores potential energy in the field and exerts distance forces
on the objects that produced the field and also .

Students brainstorm additional sources of matter the box and cart are in contact with that may be producing contact forces on
them to account for where the energy in the system is transferred to explain why those objects eventually stop moving. They are
likely to generate two main sources of matter in the system: the track and the air. These two subsystems will be ones they
investigate further in their home learning and in investigations in the next lesson. The at-home investigations and those in lesson 9
will help them identify interactions with the air (air resistance) and sliding surface friction as two important contact force
interactions causing energy to transfer from the cart and box to their surroundings.

Where We Are NOT Going

Students will not identify other energy transfers to the surroundings such as those due to sound or infrared radiative cooling. The
former is addressed in the next OpenScikd unit of study in the 8th grade scope and sequence: OpenSciEd Unit 8.2: How can a sound
make something move? (Sound Unit). The latter is beyond grade-band targets for the disciplinary core ideas.

The energy transfer and force interaction model that you develop for the launcher system in this lesson and revise in the next
lesson will include contact forces acting in the horizontal direction only. The model will not include contact forces that are the
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result of gravity (e.g., normal forces). Considering forces in more than one dimension at a time is also an off-grade-band learning target (high school).
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LEARNING PLAN for LESSON 8

1- NAVIGATION

8 min

MATERIALS: None

Share questions that were raised at the end of the last lesson. Say, At the end of the last class, we started considering energy transfer in the

launcher, cart, track, and box system in order to better understand what is happening in that system. What new questions did thinking about energy

transfer in the entire system raise for you? Display slide A. Discuss these questions as a class.

Suggested prompt

Sample student response

What new questions did thinking about energy transfer into and
through the entire system raise for you?

Do we put energy into the system?
How does the cart get energy anyways?
Does the tension of the spring have energy?

Does pulling the spring back different amounts give it different
amounts of energy?

How does energy from you get to the cart?
Does the energy go into the ground?
Does energy go into the cracker or the brick?

Do the opposing forces between objects cancel out some of the
energy in the system?

Is all the energy that goes into the cart going into the box?

If energy goes into the ground, what happens to it when it goes
there?

Does the energy go other places outside of the system and we
just can't detect it?

Say, In order to think about the energy transfer into and through an entire system, scientists and engineers often break bigger systems into

subsystems to try to figure out what is going on. Youve done this in many of the previous units in earlier grades. Let’s recall a few of those examples to
think about how powerful this type of system thinking has been for us in the past. Ask students for examples based on the prior OpenSciEd unit

experiences.

openscied.org
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% SUPPORTING STUDENTS IN
DEVELOPING AND USING SYSTEMS
AND SYSTEM MODELS

Prior to this lesson students have been
thinking about different components of the
cart subsystem with a lens of the matter
moving and the resulting damage due to this
movement. Now students are beginning to
think about how energy is part of this
system. They make connections to how
objects within the larger cart system interact
with each other and how different
components of the system and subsystems
are interrelated, causing objects to move and
eventually stop.
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Suggested prompt Sample student response

What were the subsystems you used to try to explain why different Two different rooms, the surface of the mirror, different people at
people saw different things on either side of a one-way mirror in your different locations.

work in OpenSciEd Unit 6.1: Why do we sometimes see different things
when looking at the same object? (One-way Mirror Unit)?

What subsystems did you identify for the cup in your work in The liquid, the walls and lid, the air between separate walls, and
OpenSciEd Unit 6.2: How can containers keep stuff from warming up the air outside the cup.

or cooling down? (Cup Design Unit) to try to think about how energy
was transferring through the larger system?

What subsystems did you focus on to think about energy transfer into The light's interaction with the ground and/or surface.

the formation of a hailstorm in OpenSciEd Unit 6.3: Why does a lot of

hail, rain, or snow fall at some times and not others? (Storms Unit)? The interaction between the Earth's surface and the air above the
surface.

Parcels of air rising and falling.

What subsystems did you break the body into to think about what was | The digestive system, the circulatory system, and the respiratory

causing M’Kenna to feel the way she did in OpenSciEd Unit 7.3: How system.
do things inside our bodies work together to make us feel the way we
do? (Inside Our Bodies Unit). Cells within specific tissues or organs.

Say, These are great examples of where breaking the bigger systems into subsystems helped us figure out what was going on. Such system thinking is
a powerful crosscutting concept that helped us make sense of more complex systems in the past. In addition to breaking up the system into smaller
objects or smaller subsystems, it can also be useful to try to take what is happening in a given period of time and try to break it down into smaller
chunks of time. In our launcher system, there was a lot happening between getting ready to launch the cart and seeing what the results were. So it
may be useful to think about specific moments in time before, during, and after the cart is launched as well as before, during, and after the box is
pushed. Throughout each period of time it may also be useful to think about the interactions occurring between different subsystems and objects
within the larger system.

2 - INDIVIDUAL EXPLANATIONS 5 min

MATERIALS: science notebook, Tracking energy transfers in our launcher system

Develop initial explanations for where energy transfers may be occuring. Display slide B. Distribute Tracking energy transfers in our launcher
system. Have students add this to their science notebooks. Give students about four minutes to answer the questions on the handout.
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3 - DEVELOP A CONSENSUS MODEL OF ENERGY TRANSFERS IN THE SYSTEM 20 min

MATERIALS: science notebook, Energy transfers and contact forces in the launcher, cart, track, and box system, colored pencils, Energy transfers and contact forces in the launcher, cart, track,

and box system poster, colored markers, 13 prelabeled post-its (9 triangular with words, 2 square with red dots, and 2 rectangular with blue curved arrows).

Discuss where energy transfer is occuring in the system. Display slide C. Convene students in a Scientists Circle to discuss some of their
ideas.

Suggested prompt

Sample student response

What did your group do to the launcher so that it could eventually
transfer energy to the cart?

What did your group do differently to the launcher so that it could
transfer more energy to the cart for condition B or C compared to
condition A?

What part of the launcher subsystem directly transferred energy to the
cart to get it moving?

How did that part of the launcher subsystem
transfer energy to the cart?

What did the launcher do after you released it that enabled it to
transfer more energy to the cart in condition B or C than in condition

We used our hands to pull it back.

We pushed into the plunger or against the cart to push it
backward.

We compressed the spring in the launcher.

We pulled it back further.

We pushed it back harder or further.

The tip of the plunger.

It pushed on the cart as it returned to its original position.

Contact forces between the plunger and the cart.

It pushed with a stronger force at first when it was released from a
more-compressed position.

A?
It pushed the cart over a longer distance (or time).

Switch to a diagrammatic representation of the system. Say, Let’s capture all of these ideas in a system diagram of the spring launcher, cart,
track, and box system. We can use this model to show how energy was transferred through the spring-scale-launched cart system that collided with
the box.

Distribute Energy transfers and contact forces in the launcher, cart, track, and box system. Ask students to compare the objects or subsystems
represented for each of the times shown in the model and describe what is different and what is the same for each time shown.

Suggested prompt | Sample student response

What objects or subsystems are represented in this system model? ‘ The launcher, the cart, the box, and the track,.
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Suggested prompt

Sample student response

What is different about these objects in some of the times?

What does time O show?
What does time 2 show?

What does time 5 show?

The launcher spring is compressed in time O, but not the other
times.

The cart is moving in times 1 through 4, but not in time O or time
5.

The position of the box is the same in times O through 2, but
changes in times 3 through 5.

The cart before it is launched.
The cart traveling down the track after it is launched.

The box and cart after they came to a stop.

Post the premade poster that you created representing the Energy transfer and contact forces in the launcher, cart, box, and track system
model. You will use the 13 prelabeled post-its (14 triangular, 2 square, and 2 rectangular) to annotate this model so that you can remove
these annotations before the next class and repeat this interaction-system-modeling exercise and discussion with your next class.
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Direct students’ attention to time 2 and time O. Ask students
which objects or subsystems have kinetic energy and which
do not at time O and time 2. Students should say only the
cart in time 2 has kinetic energy and nothing else does.

Add the triangular sticky note “has kinetic energy” to the cart
at time 2.

Add the triangular sticky note labeled “has no kinetic energy”

to the cart at time O and the box at both time O and time 2.

Have students add the same annotations to their copy of
Energy transfers and contact forces in the launcher, cart, track,

and box system.
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Introduce the idea that energy can be stored in systems in some cases when the shape or position of parts or objects change. Say, When
we compressed the spring scale and held the cart motionless against it, it wasn't moving, so therefore it has no kinetic energy. But we know energy is
transferred from the launcher to the cart when we release it. The compressed spring scale is an example of a subsystem that can store energy that
can be transferred out of it later. Compressing the spring by pushing on it allowed us to transfer energy into that part of the subsystem. Holding the
spring in place allowed it to remain in a particular shape or position where it could continue to store that energy. And letting go of it allowed the
launcher to spring back to its original shape or position. As it returned to its original shape or position, the energy that was stored in that part of the

subsystem was transferred back out of it. Scientists also refer to the stored energy in a system that is the result of a change in the position of objects in

the system as potential energy.
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ADDITIONAL
GUIDANCE

Referring to this energy stored in the configuration of the parts of a system as “potential energy” has some
trade-offs in terms of simplicity of understanding versus accuracy of representation. But it will be beneficial for
future work--thinking about energy stored in magnetic fields due to the position of the magnets relative to
each other--in OpenSciEd unit OpenSciEd Unit 8.3: How can a magnet move another object without touching it?
(Magnets Unit). The spring launcher will be an analogous physical structure that students use to visualize what is
happening when a magnetic field is deformed. Springs are a more-concrete way to visualize how energy can be
stored in a system before introducing the idea that energy is stored in the field of a system due to distance
forces. So more exactly, it's not the spring that is storing the potential energy, it is the spring system. In that
system it ultimately is the electric field between the atoms that make up the spring launcher and the matter
that it is in contact with that holds the spring in a compressed form. In that form, the position and orientation of
the atoms that make up the matter shift and the field between them stores the energy in the system. This is
beyond grade-level understanding and would not be beneficial to introduce here.

Review what is causing the energy to get transferred into and out of the system.

Suggested prompt

Sample student response

What did we do to the push-pull spring scale system that provided it We compressed it.

energy that it could later transfer to the cart?

What happens to the amount of stored or potential energy in the It increases.

spring-launcher system as we compress the spring more?

How did letting go of the cart cause the potential energy in one part of | The kinetic energy from the push of the spring scale as it
the system to get transferred out of it into the cart as kinetic energy? uncompressed transferred from the spring to the cart.

openscied.org
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Add the triangular sticky note labeled “has stored
energy” to the launcher at time O.

Make a key on a piece of letter sized paper taped to
the side of the poster. Add a curved blue arrow to the
key and label it “energy is being transferred”.

Add a rectangular sticky note with a curved, blue
arrow going from the launcher to the cart at time 1.

Add a red dot to the key and label it “due to contact
forces here”. Then ask students where the contact
forces are between the launcher and the cart at time
1that are causing this energy transfer. Students
should say where the plunger is touching the back of
the cart. Add a small square sticky note with a red dot
on it to that location at time 1.

Add the triangular sticky note labeled “kinetic energy
increases” to the cart at time 1.
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Have students add the same annotations to their copy of Energy transfers and contact forces in the launcher, cart, track, and box system.

Point out that the red dot shows where the contact forces are occurring in the system but doesn't show how many forces there are at that
point of contact nor their relative strength like we showed earlier when we made a free body diagram of each object or subsystem in a

collision.

For time 1, review how many forces there are at this point of contact and their relative strength.

Suggested prompt

Sample student response

If we did make individual free body diagrams to represent the contact A force acting on both.

forces at work in the system, would we show that there is a single force
acting on the launcher, a single force acting on the cart, or a force

acting on both?

How would the relative strength of the forces on both compare?
Would they be different strengths or would they be the same strength?

How would the direction of the forces on both compare?
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Prompt students to consider time 3. Ask students what
happens to the stationary box when the cart collides with
it. Students should say it starts moving.

Ask students where the energy was transferred from that
causes the kinetic energy of the box to increase. Students
will say from the cart.

Add the triangular sticky note labeled “kinetic energy
increases” to the box at time 3.

Add a rectangular sticky note with a curved, blue arrow
going from the cart to the box at time 3.

Then ask students what must be happening to the kinetic
energy of the cart if energy is being transferred from it to
the box during the collision. Students will say it must be
decreasing.

Add the triangular sticky note labeled “kinetic energy
decreases” on it to the cart at time 3.

Ask students to identify where the contact forces are
between the cart and box. Add a small square sticky note
with a red dot on it to that location.
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Emphasize that, again, we have identified a location in the system where energy transfer is occurring due to contact forces between two
objects or subsystems. Have students add the same annotations to their copy of Energy transfers and contact forces in the launcher, cart, track,

and box system.

Direct students to time 5, suggesting that you want to identify a few things here first before returning to time 4.

Ask students what we can say about the kinetic energy of all the objects or subsystems at time 5 if everything has stopped moving. Students will say
that they have no kinetic energy. Have students add these annotations to the cart and the box in time 5 on their copy of Energy transfers and contact

forces in the launcher, cart, track, and box system.

Direct students to time 4, asking what is happening with the speed of the cart and the box as they slide along the track to a stop. Students will say
they are slowing down. Have students label both the cart and the box with “KE decreases’.

Problematize something missing from the model. Say, Wait, where did the energy in the system go between time 3 and time 5. Some of the objects
had kinetic energy at time 3, but by time 5 there is no kinetic energy in the system. Energy cant just disappear. It can be transferred from one object,
subsystem, or system to another. We saw that happen due to contact forces between certain objects and subsystems at time 1 and time 3. But here at
time 4 it's not obvious where that energy went, nor is it obvious what contact forces would have caused this energy transfer. So | don't think we are
done with this model yet. But let's have you think on your own a bit more about what else might be going on in this system from both an energy

transfer perspective and a contact forces perspective.
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4 - INDIVIDUAL MODELS 7 min

MATERIALS: science notebook, Energy transfers and contact forces in the launcher, cart, track, and box system, Modeling other force interactions in the launcher, cart, box, and track system, colored

pencils, Contact Force Interactions poster from Lesson 5 (optional)

Say, We put red circles in our systems model to show where contact forces are occurring. In the past, when we wanted to show more about what the
forces are at those red circles, we drew free body diagrams. We haven't done that for any of our points in time in the model so far. But let’s not forget
that free body diagrams are a helpful tool for visualizing the forces acting on objects in the system. Let’s get ready to develop and revise some free
body diagrams for both the box and the cart at time 4. Before we do, let’s look back at how we drew the free body diagrams we made in the past.

Review what was included in past free body diagrams the class made in Lesson 5. Cue students to look back at an example of the ones
they made in their notebooks and/or on the poster you made as class from Lesson 5.

Suggested prompt Sample student response

Even though there are two objects interacting when there are contact One.

forces between them, how many objects do we show in a single free

body diagram?

What do the arrows in the diagram represent? A force acting on the object.

What does the direction of the arrow represent? The direction of the force on the object.
What are we trying to show when we put the tip of the force arrow on Which surface that force is acting on.
one surface of the object instead of another?

Up to now you have only shown a single force acting on an object. Use more than one arrow.

Next you will be asked to consider if there are other forces acting on

those objects as well. If you decide there are, then how would you

show more than one force acting on an object?

@ Show slide D. Distribute Modeling other force interactions in the launcher, cart, box, and track system. Say, Use the annotations we made to
Energy transfers and contact forces in the launcher, cart, track, and box system and consider what else might be going on at time 4, starting
first by thinking about forces in the system using free body diagrams. Emphasize that you want to collect this as a formative assessment to see
how students are thinking about other forces acting on the box and the cart at this point in time as well as how and where energy transfer
may be occuring.

Collect the completed responses before moving to the end of the lesson.
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ASSESSMENT Building towards: 8.A Develop and use a model to identify other parts of the system the cart and box are
OPPORTUNITY making contact with or colliding into that could be producing contact forces on these subsystems, causing
energy to be transferred to or from them as the box and cart travel down the track.

What to look for: See Key for modeling force interactions in the launcher, cart, box, and track system for guidance

on what to look for.

What to do: Treat this as an informal assessment of prior knowledge related to how forces from friction and air
resistance act on moving objects. Do not correct preconceptions at this point. Make a copy of student
responses on Modeling other force interactions in the launcher, cart, box, and track system so you can return the
original to students to revise at the end of the next lesson (Lesson 9) as a home-learning assignment. This will
provide you a reference to compare student thinking before Lesson 9 to what they are thinking by the end of

Lesson 9.

5 - NAVIGATION

MATERIALS: 4 index cards, 1 rubber band, Investigating Surface Interactions, Investigating Interactions with the Air, Energy transfers and contact forces in the launcher, cart, track, and box

system poster, 18 prelabeled post-its (14 triangular, 2 square, and 2 rectangular).

5 min

Discuss other sources of contact forces as a whole class.

Suggested prompt

Sample student response

What other objects or subsystems is the box either making contact
with or colliding with at time 4 besides the cart?

The track is something that is easy to see the box making contact with.
But the cart also makes contact with it or the surface under it. Are
there any other sources of matter that the box and cart are colliding
with or making contact with besides the track and surface under it?

If we were to zoom in and try to visualize what is happening to the
particles that make up the air, what do you picture happening to those
patrticles when the box and cart run into them?

What part of the box would be hitting the most air particles as it is
sliding down the track?

What part of the box is making contact with the track as it is sliding
down it?

The track.

The air.

They would get pushed out of the way.

They would hit the box or cart and bounce off.

The front.

The bottom.

Introduce the ideas of friction and air resistance. Students may or may not have used the words friction and air resistance at this point in the
unit. If students have used these terms, acknowledge the terms here. If they have not, start to link the words with the concepts. Use one of

the two prompts below that best fits your classroom case.
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% ATTENDING TO EQUITY

Universal Design for Learning: You may find
that some students want to engage with
these investigations and ask to do both at
home. If so, encourage them to do so, but
don't require this of all students. Providing an
option of which investigation to do rather
than requiring both gives students a choice
to pursue a line of inquiry that is more
relevant to them. Some may consider both
intriguing, and for those students, giving
them the choice to pursue both is also an
important option to engage students as well.
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¢ Option 1: Introduce what these two sources of contact forces are commonly called. Say, The contact forces between a moving object
and something it is sliding against are commonly called friction, and the contact forces between a moving object and the air particles it
collides with are commonly called air resistance.

¢ Option 2: Acknowledge the use of the words friction and air resistance. Say, | hear you all saying the word friction to describe the forces
between an object and something it is sliding against. | also hear you using the word air resistance to describe contact forces between a
moving object and the air particles that it collides with. These are interesting words. Let’s see if we can really develop our ideas of what these
terms mean as we explore these contact forces.

Ask students for a few examples in other systems or phenomena where they think that contact forces due to friction affect the kinetic
energy of an object as it moves. Do the same for air resistance. Accept all responses.

ADDITIONAL Don't add the term:s friction or air resistance to the Word Wall yet. You will do that at the start of the next lesson
GUIDANCE after all students have gathered some first-hand experiences with related phenomena in the home learning.

Suggest that since these forces may be part of many other systems where there are objects moving, what causes these forces and how they
affect the motion of objects before, during, and after a collision appears to be another part of the system model we will need to figure out
more about in order to answer our unit driving question, “Why do things sometimes get damaged when they hit each other?”.

Introduce home learning. Show slide E. Say, Tonight you have an option to do one of two investigations. One of these involves folding and
dropping index cards to see which shapes you can get to travel more quickly and more slowly through the air. The other involves pulling on a shoe with
a rubber band to see how much force it takes to get it to start moving when it is on different surfaces. I will give you supplies that can be used for either
investigation, which are four index cards and a rubber band. You pick which investigation you want to do. If you do the latter investigation you will
also need a shoe and a ruler.

Distribute four index cards with a rubber band wrapped around them to each student.

Distribute Investigating Surface Interactions to students who select the first investigation to carry out. Distribute Investigating Interactions with
the Air to students who select the second investigation to carry out.

Tell students that they will share their results with other students at the start of the next class.

Remove the 16 prelabeled post-its (14 triangular, 2 square, and 2 rectangular) from the poster and set them to the side before the next class
so they can be reused for placement on the poster.
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LESSON 9: How do other contact forces from interactions with the air and the track
cause energy transfers in the launcher system?

PREVIOUS LESSON  We developed a model to show where energy is transferred between the spring, cart, and box and how contact forces cause this energy transfer. We used this to
start brainstorming other places where contact forces may be causing energy transfer in the system.

THIS LESSON We conduct investigations to gather evidence to explain what other forces affect the kinetic energy of an object
before a collision. We develop claims using our evidence and provide and receive feedback with peers to
INVESTIGATION synthesize our ideas. We revise our model to show additional places in the launcher system where energy is
transferred and how contact forces cause this energy transfer.
2 days

A

NEXT LESSON  We will revisit the Lesson 1 collision types and explain why some objects were damaged when others were not in different collisions. We will use these ideas to
answer questions on the Driving Question Board and take an assessment to apply our new ideas to a new set of collision-related phenomena in the context of
baseball.

BUILDING TOWARD NGSS | WHAT STUDENTS WILL DO

MS-PS2-1, MS-PS2-2, MS-PS3-1, | 9.A Apply scientific ideas and evidence to construct an explanation for the causes of motion and kinetic energy changes that happen before and
MS-ETS1-2, MS-ETS1-3, MS-LS1-8 | after collisions and how these affect the outcome of a collision.

9.B Respectfully provide and receive critiques about claims to identify relevant evidence to support an explanation for how energy transfers
through the cart-launcher system before and right after a collision.

9.C Develop and revise a model to identify other parts of the system the cart and box are making contact with or colliding into that are producing
contact forces on these subsystems, causing energy to be transferred to or from themn as the box and cart travel down the track.

WHAT STUDENTS WILL FIGURE OUT

¢ Friction is a contact force due to interaction between surfaces in contact and is produced by the bumps (roughness) on surfaces as they
push against each other.
Interactions due to friction and air resistance apply contact forces to a moving object that are in a direction that is opposite its motion.
Force interactions due to friction and air resistance transfer energy to the surfaces of the objects that slide over each other; this results in an
increase in particle-level kinetic energy (a temperature increase).

¢ Energy can be transferred to and from collisions between objects and particles in the air.
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Lesson 9 « Learning Plan Snapshot

S I

5 min SHARING RESULTS FROM OUR HOME LEARNING INVESTIGATION Investigating Surface Interactions, Investigating Interactions with the Air, optional:
Discuss observations from home learning investigations assigned at 1shoe, optional: 1 rubber band, optional: 1 carpet square, optional: 4 index
the end of Lesson 8. cards

2 5 min NAVIGATION B Investigating Surface Interactions, Investigating Interactions with the Air
Recollect ideas about how speed and mass both affect the kinetic
energy of an object.

3 25 min CONDUCTING INVESTIGATIONS: OTHER FORCES IN OUR C Divide into Stations: Other Forces in Our Collision System Investigation
COLLISION SYSTEM
Conduct station investigations to explore other forces in a collision
system.

4 10 min @ CONSTRUCT AN EVIDENCE-BASED EXPLANATION D blank sheet of paper (optional)

— Construct explanations for investigations done at the stations.
End of day 1

5 5 min NAVIGATION E
Connect to previous explanations of each investigation station.

6 22 min @ JIGSAW FEEDBACK GROUP DISCUSSION F-G  Jigsaw feedback discussion

— Present and defend explanations for the cause-effect relationships for
the motion and kinetic energy changes in the launcher system.

7 14 min REVISE OUR MODEL H-1  Energy transfers and contact forces in the launcher, cart, track, and box system,
Gather in the Scientists Circle to revise our collision system model and colored pencils, Energy transfers and contact forces in the launcher, Lesson 8
describe motion and KE changes that result from friction and collisions cart/box/track system poster
with air particles.

8 4 min @ NAVIGATION J Modeling other force interactions in the launcher, cart, box, and track system,

— Introduce home learning. colored pencils, Key for modeling force interactions in the launcher, cart, box, and
track system
End of day 2
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Lesson 9 - Materials List

_

Divide into Stations: Other Forces in Our Collision System ¢ Data collection from stations
Investigation materials

¢ T1aluminum bar track (3 ft x 1.5 in x % in)
e 2carts

¢ 1lindex card taped to cart

e painters tape

e 1timer

e 1fan

¢ 1meter stick

e Station 2 data cards

¢ 1large rubber eraser

¢ 1Styrofoam takeout container

¢ 1linfrared thermometer

¢ 2 copies of Lab station instructions

e Microscopic image cards

® computer

¢ https://www.openscied.org/friction-simulation/

Lesson materials Investigating Surface Interactions
Investigating Interactions with the Air
science notebook

blank sheet of paper (optional)

Jigsaw feedback discussion

optional: 1shoe
optional: 1 rubber band
optional: 1 carpet square
optional: 4 index cards
Energy transfers and contact forces in the launcher
Energy transfers and contact forces in the launcher, Lesson 8 cart/box/track system poster
cart, track, and box system Key for modeling force interactions in the launcher,
colored pencils cart, box, and track system
¢ Modeling other force interactions in the launcher, cart,
box, and track system

Materials preparation (60 minutes)

Review teacher guide, slides, and teacher references or keys (if applicable).
Make copies of handouts and ensure sufficient copies of student references, readings, and procedures are available.

Modify slide F to replace it with the classroom norms your classes developed, if they are different than those shown on the slide.
Be prepared to distribute the completed copies of Modeling other force interactions in the launcher, cart, box, and track system you collected and copied from last time.

Have the Energy transfers and contact forces in the launcher, cart, box, and track system poster from the last lesson along corresponding sticky note annotations added to it from the last
lesson.

Test the simulation link to make sure it is working: https://www.openscied.org/friction-simulation/

Day 1: Other Forces in Our Collision System Investigation
¢ Group size: 3-4 students
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e Setup: Gather materials for 8 stations, 2 each of the following 4 stations:

e Safety:

e Storage

openscied.org

Materials for station 1
e Taluminum bar track (3 ft x 1.5in x % in)
2 carts
1index card attached with transparent tape to 1 cart
1small fan
4 6-inch pieces of painters tape to secure track
1timer
¢ 1meter stick
Materials for station 2
e Station 2 data cards
Materials for station 3
¢ 1large rubber eraser
¢ 1Styrofoam takeout food container broken into 2 pieces
¢ 1infrared thermometer
Materials for station 4
¢ Microscopic image cards
¢ 1 computer or tablet with access to https://www.openscied.org/friction-simulation/
Make single-sided copies of station handouts:
¢ 2 copies of Lab station instructions
¢ 2 copies of Station 2 data cards
¢ 2 copies of Microscopic image cards

Wear safety goggles or glasses during the setup, hands-on, and take-down segments of the activity.

Never eat any food items used in a lab activity.

Make sure all other fragile items are removed from the test area.

Secure loose clothing, remove loose jewelry, wear closed-toe shoes, and tie back long hair.

Immediately pick up any items dropped on the floor so they do not become a slip/fall hazard.

Follow your teacher’s instructions for disposing of waste materials. Wash your hands with soap and water immediately after
completing this activity.

All materials from this lab can be stored and reused indefinitely.
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Lesson 9 - Where We Are Going and NOT Going

Where We Are Going

In this lesson, students account for forces due to friction and air resistance that are not yet accounted for in the collision system model. This serves three purposes:
¢ Investigating kinetic energy and motion changes that result from friction and air resistance forces sets the stage for revising the class collision system model and tracking the flow of

energy more completely through the system.
¢ Students will have a better understanding of how multiple forces affect the motion and kinetic energy of an object and will use this to build an explanation for net force in Lesson 10.
¢ Students also consider how friction and air resistance forces can cause a collision to be less severe, which foregrounds the design challenge in Lesson Set 3.

These ideas are part of the DCI PS2.A and contribute to meeting MS-PS2-2 with regard to exploration of unbalanced forces: “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”

Where We Are NOT Going

Students will account for forces due to friction and air resistance in the class collision system model, but there will be some points of contact in the model that are not yet explained. This
wondering at the end of class sets the stage for a better understanding of how objects behave when they experience multiple forces and the concept of net force in future lessons.
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LEARNING PLAN for LESSON 9

1- SHARING RESULTS FROM OUR HOME LEARNING INVESTIGATION > min

MATERIALS: Investigating Surface Interactions, Investigating Interactions with the Air, optional: 1 shoe, optional: 1 rubber band, optional: 1 carpet square, optional: 4 index cards

Revisit home learning. Say, After our last lesson, you completed some investigations at home, so let’s share our results with a partner. Display slide 3 ATTENDING TO EQUITY
A. Have students stand up and move to one of 3 different areas of the room that corresponds to the investigation(s) they completed:

A. Interactions with the Air investigation
B. Surface Interactions investigation
C. both investigations

Emerging Multilingual Learners: It may be
helpful to intentionally pair emerging
multilingual students with peers whose
English language development is similar to

Instruct students from area A to pair up with someone from area B. Any extras in either group should pair up with someone from area C. Any  theirs to explain their home learning results.

extras in area C after that can pair up with each other.

2 - NAVIGATION

Encourage students to express their ideas
using linguistic and nonlinguistic modes such
as drawings, symbols, and gestures. If
possible provide hands-on materials (e.g.,
shoe, rubber band, carpet square, index
cards) for students to demonstrate their
ideas.

5 min

MATERIALS: Investigating Surface Interactions, Investigating Interactions with the Air

Lead a whole-group discussion using the question on the slide. Say, We know from our last lesson that speed and mass both affect the kinetic
energy of an object. We also know that something is causing objects (like the cart and box) to lose kinetic energy after a collision. Display slide B. Use

the prompts below to support this brief discussion.

Suggested prompt

Sample student response

What ideas do you have from the home learning that could help
explain other contact forces in the system that may be causing the box
to slow down and eventually stop?

So what other places in the system would the energy that the box had
get transferred to then?

What do we know about air from earlier units, like Cup Design Unit,
that could be causing things that interact with the air to slow down?

Do you think that contact forces between the cart and the air also
cause the cart to slow down as it travels down the track?

openscied.org

There is a contact force between the bottom of the box and the
surface it is sliding over.

There also is a contact force from running into air particles as the
box slides down the track.

To the air.

To the track.

Air is made of small particles that can collide with objects.

The air would. The cart would still be colliding with air particles
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Suggested prompt | Sample student response

Do you think that contact forces due to friction between the cart and

Maybe. But there is probably less friction than for the sliding box.
the track also cause the cart to slow down as it travels down the track?

Connect this to energy transfer questions from the last lesson. Say, In our last lesson we raised some new questions about where energy was
going to in the system. Let’s decide what we should do next.

Motivate the need for further investigations. Say, OK; it sounds like we are going to need to update this system model. And it sounds like we should
collect some more evidence about some of the places where these contact forces are causing energy to be transferred to other parts of the system. |
have some equipment and materials we can use to investigate these types of interactions further. Lets make note of the question we are trying to
make further progress on.

Write this question on the board:
¢ How do other contact forces, like friction and air resistance, cause energy to be transferred between a moving object and other
parts of a system?

3 - CONDUCTING INVESTIGATIONS: OTHER FORCES IN OUR COLLISION SYSTEM 25 min
MATERIALS: Divide into Stations: Other Forces in Our Collision System Investigation

Share directions for station investigations. Display slide C. Explain that student groups will rotate through four stations where they will %k SUPPORTING STUDENTS IN
investigate other instances of objects slowing down or producing another interesting outcome related to one of the two additional types of ENGAGING IN PLANNING AND

contact forces we have discussed are missing from our system model--friction and air resistance. CARRYING OUT INVESTIGATIONS

Be sure to post the activity instructions, Lab station instructions, at each station. Distribute Data collection from stations and tell students to

record on the handout their observations and any insights they have about these other forces that are not accounted for in our model.% The current collision system model is only

partially complete in terms of energy
transfers. As students are conducting station
activities, their focus should be on gathering
evidence to explain additional effects from
friction and air resistance that cause changes
in motion and KE of subsystems within the
collision system. An important goal of the
observations and data collected under
different conditions at stations is to push
students to think about evidence of changes
in motion and KE in terms of particle motion.

Allow students approximately 20 minutes to engage in the stations, asking them to rotate every 5-6 minutes.
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4 - CONSTRUCT AN EVIDENCE-BASED EXPLANATION

MATERIALS: science notebook, blank sheet of paper (optional)

Construct an evidence-based explanation. Display slide D. Say, Next time, we will work as a class to identify the most relevant ideas we have for
developing a more-complete model of the forces affecting moving objects before, during, and after a collision. Today, let's spend the last few minutes

of class organizing the ideas you have now into some explanations.

Have students count off 1-4 to assign each student one of the stations from today’s investigations. Explain that each student will

@ create an explanation for the one station they have been assigned, not all stations they visited. This will allow for multiple individuals

to analyze the same data, and as a class we can compare findings later, which is what scientists also do in their professions. Say, When you
develop your explanation you will focus on the evidence collected and the observations and insights you recorded from only one station. Your
explanation should help answer the question: How do other contact forces, like friction and air resistance, cause energy to be transferred
between a moving object and other parts of a system? Be sure to describe what causes these forces, how these forces transfer energy in the
system, and the evidence from your assigned station investigation that supports your explanation. %3 [ will collect your explanations so | can get a
sense of what you are thinking and then return them to you next time.

Give students time to write and collect their work at the end of class. Students can write explanations in their notebooks or on blank paper

for ease of collection.

ASSESSMENT
OPPORTUNITY

Building towards: 9.A Apply scientific ideas and evidence to construct an explanation for the causes of motion
and kinetic energy changes that happen before and after collisions and how these affect the outcome of a
collision.

What to look/listen for: As you formatively assess student explanations look for these ideas:
For friction-related explanations

When surfaces in contact with each other slide along each other, the bumps (roughness) on their
surfaces cause an interaction (effect).

That interaction (cause) results in the surface deforming (effect).

That deformation (cause) results in that part of the matter pushing back on the object it is in contact
with (effect).

This force applied against the moving object is friction. It causes the cart or box to slow down (effect).
These contact forces (cause) cause energy to be transferred to the surfaces in contact with each other,
resulting in an increase in the particle-level kinetic energy (an effect measurable by a temperature
increase).

For air resistance-related explanations
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When an object moves through air (cause), it collides with air particles (effect).

These collisions cause contact forces (effect) on both the object and the air particles.

The force applied against the moving object is air resistance. It causes the cart or box to slow down
(effect).

These contact forces (cause) cause energy to be transferred to the surrounding air, moving it out of
the way of the cart (or speeding up those particles).

In the interaction with the cart being pushed by a headwind, the wind is a resistant force and KE is
expelled on the wind.

In the interaction with the cart being pushed by a tailwind, the wind is not a resistant force but adds
KE to the overall cart system.

There often is more than one contact force on a moving object (such as surface friction, air resistance,
and wind).
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10 min

% SUPPORTING STUDENTS IN
THREE-DIMENSIONAL LEARNING

Scientific explanations often center around
events that have unobservable causes and
that generate observable effects. Each of the
stations provides students with opportunities
to look for changes in the macroscopic
motion of an object (patterns) and the
relationship to the microscopic particle
nature of matter to explain what causes
force pairs from friction and air resistance in
general, as well as where this is occurring in
the class's cart-launcher system in a specific
case.

% ATTENDING TO EQUITY

Universal Design for Learning: If students
struggle to get started, you can provide the
sentence frames for cause-effect statements
used in Lesson 2, such as these:
¢ When the cart traveled along a
track with a sail/without a sail,
_(cause)__, which results in a
__(effect)..
¢ When a boat or cyclist travels into a
headwind/in the same direction as
a tailwind, _(cause)__, which
results in a __(effect) .
¢ When two surfaces slide past each
other, _(cause)__, which results in a
__(effect)..

% SUPPORTING STUDENTS IN
ENGAGING IN ARGUMENT FROM
EVIDENCE

Emphasize to students that claims should be
written so as to answer the lesson question.
Encourage them to think carefully about
organizing their evidence and reasoning so
that their explanation is persuasive. This is
important because in the next class meeting
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ASSESSMENT
OPPORTUNITY

5 - NAVIGATION

What to do: You can scaffold the activity to support students in identifying appropriate data and justifying their
explanations with reasoning by providing sentence frames. This will help them organize data and observations
and reference the science ideas they've figured out so far.

Referencing data
e When we did the (description) investigation, the data showed that
¢ We saw _(description of the data)_ from our investigation.

Using science ideas
e This means that caused (effect) because we know _(science idea)_.

End of day 1

they will shift to sharing this as an argument
they make to their peers in mixed groups so
that all stations are represented.

% SUPPORTING STUDENTS IN
DEVELOPING AND USING PATTERNS

In student explanations, it's important for
them to connect the macroscopic changes in
motion and kinetic energy they observe to
the microscopic arrangement of particles of
objects and subsystems. Students should
draw on what they already know about how
matter pushes back and that forces occur in
equal and opposite pairs. The particle-level
thinking in this lesson supports developing a
deeper understanding of why matter pushes
back.

5 min

MATERIALS: science notebook

Connect to explanations for investigation stations from the previous class. Return student claims. Display slide E. Say, Today we are going to

work in jigsaw feedback groups to share our claims. Each group will consist of students who wrote claims about different stations. Each station will

have at least one person in the group who wrote a claim about it. Before we begin, take some time to think about how you will share your claim and

highlight or underline the important ideas you want to emphasize with your classmates.
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6 - JIGSAW FEEDBACK GROUP DISCUSSION

MATERIALS: science notebook, Jigsaw feedback discussion

22 min

Discuss norms for giving and receiving feedback.% Display slide F. Ask students to revisit the classroom norms and to share ideas for which
norms are especially important when giving and receiving feedback. Allow a few students to quickly share their thinking with the class and
listen for ideas such as the following:

¢ We critique ideas, not people.

¢ \We encourage other voices that haven't been heard yet.

e We listen carefully and ask questions to help us understand.

Say, These are all important to help us learn from each other as we share our explanations in our groups.
Qy Display slide G. Explain that group members will each take turns sharing and defending their explanations. Distribute Jigsaw feedback
discussion. Guide students to use the discussion questions on this handout to push thinking about each of the four stations so that
students can explain the cause-effect relationships for the motion and kinetic energy changes in the launcher system.%

Say, Spend five minutes discussing the explanation made for each station. As you engage in discussion with your group, listen for similarities and
differences in your claims and identify the most relevant ideas to add to our model and add those to your handout.

Determine a way to keep time and let students know each time 5 minutes has passed.

ADDITIONAL Student jigsaw feedback groups should consist of 4 students so that there are 4 different claims to discuss in

GUIDANCE alignment with the 4 stations investigated in the previous class meeting. To save time, make and post these
group assignments in advance. Make as many groups of 4 that represent all 4 stations as possible, and if there
are groups missing any station claims, ask them to discuss all questions on Jigsaw feedback discussion even
though they may not have a claim for a particular station.

ASSESSMENT Building towards: 9.B Respectfully provide and receive critiques about claims to identify relevant evidence to

support an explanation for how energy transfers through the cart-launcher system before and right after a
collision.

OPPORTUNITY

What to look for: Students should be citing evidence and providing scientific reasoning to support their
explanations. Group members ask clarifying questions to elicit details that reveal similarities and differences in
their claims and to make connections between patterns in macroscopic observations and the particle nature of
matter. Some parts of the student discussion should be focussed on why friction and air resistance affect the
motion and kinetic energy of objects in the class collision system model as well as how the interactions that
produce these forces would also affect the motion of particles in the air and on the surface of the track, box,
and wheels of the cart.

What to do: If some groups aren't making some of these connections, ask those groups to focus their
discussions on a subset of the questions on Jigsaw feedback discussion.
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% SUPPORTING STUDENTS IN
ENGAGING IN ARGUMENT FROM
EVIDENCE

Sharing ideas clearly and persuasively is an
important aspect of scientific
communication. As students are engaged in
jigsaw group discussions, circulate and
encourage students to cite evidence to
support their explanations. Group members
should clarify thinking and surface similarities
and differences in their explanations. In
order for students to make connections
across the different lines of evidence from
their investigations, encourage students to
share and defend their claims with supports
such as these talking stems:

¢ My ideais similar to s idea.

¢ |agree with that .

¢ | hadn't thought of that.

¢ |see what you mean.

¢ | disagree with 's idea because ...

¢ |heard say , but I think .

% SUPPORTING STUDENTS IN
DEVELOPING AND USING CAUSE AND
EFFECT

Students should relate the forces due to air
resistance and friction (cause) to changes in
motion of the box and cart and decrease in
the kinetic energy of both (effect)
subsystems in the cart-launcher system
model. Although each station provided
different data, students should see
similarities in their explanations related to
how both friction and air resistance can
cause changes to motion and kinetic energy
before and after a collision. Some students
may also argue that these forces are at work
during the collision too.
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7 - REVISE OUR MODEL

14 min

MATERIALS: science notebook, Energy transfers and contact forces in the launcher, cart, track, and box system, colored pencils, Energy transfers and contact forces in the launcher, Lesson 8

cart/box/track system poster

Gather the class in the Scientists Circle. Display slide H. Say, | heard some really
great connections being made as groups discussed their explanations. Let’s share and § necqy  Aronsters b«wf camieet T
record the relevant ideas we have for revising our previous model we developed for our B T ] RIS w5
launcher system. Have students bring their notebooks, colored pencils, and their
copies of Energy transfers and contact forces in the launcher, cart, track, and box

time 0

heldiag cart
system. i.L;‘i‘;m 3
lavnchet
Display the Energy transfers and contact forces in the launcher, cart, box, and Kot
track system poster with the sticky note annotations on it, as shown here. Lead a domy | [ ox

Building Understandings Discussion to explain what other forces affects the s s
motion and kinetic energy of the cart before a collision.k % 7%

€|M!
Ask, Does anyone have an idea to share about where else contact forces cause energy ~ cact :._mj,m ot =
to be transferred between different parts of the launcher system? Listen for these ﬁff;f”‘“?_ﬁ_g_‘:;‘x_.
ideas: AMEZG oy
¢ The cartis colliding with air particles, and this causes the cart to slow i

down and lose kinetic energy. Cart colides -
¢ The cart is slowing down and losing kinetic energy because of friction S W boy
between the cart’s wheels and the track. TR
¢ The track must gain kinetic energy as increased particle motion (heat)
as the cart moves over the track surface.

Ask, If there are collisions between the cart and air particles, what changes about the air particles? Listen for these ideas:
¢ The air particles gain kinetic energy after collisions with the cart.
¢ The air particles heat up after collisions with the cart.

Suggested prompt Sample student response

M
it

Rey.
o eneryy is

betng
tcansferted

due to
® (onact

forteg hece

So it sounds like we need to account for these ideas on our model. |
heard you say that the cart is colliding with air particles. Where on our
model is that happening?

box.

What is happening to the air particles when they collide with the cart? They heat up and gain kinetic energy.

Besides the cart, what else is colliding with air particles as it moves? The box.

What surface of the box is running into the most air particles? The front
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After the cart has been launched when it is traveling toward the

% SUPPORTING STUDENTS IN
ENGAGING IN CONSTRUCTING
EXPLANATIONS AND DESIGNING
SOLUTIONS

Students have new evidence and reasoning
to revise the class collision system model.
Specifically, they can indicate areas where
forces are occurring due to friction and air
resistance. They can also more completely
explain energy changes in the model and
better explain why the box stops moving
after the collision. There is some important
foregrounding of ideas for the design
challenge in Lesson Set 3 when students
discuss how changes in motion and kinetic
energy can lessen the severity of a collision.

% SUPPORTING STUDENTS IN
DEVELOPING AND USING ENERGY
AND MATTER

This modeling activity is helping deepen the
understanding that energy is not created or
destroyed when you start tracking it into,
through, and across systems and
subsystems. In their descriptions of energy
transfer in the class collision system model
they should be able to describe qualitative
gains and losses of energy between the
subsystems within the cart launcher system
model.
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Suggested prompt Sample student response

Can someone suggest a way for us to represent this in our model? We could add a red circle on the front of the box at time 4 to
show this is where most of the force interaction between the box
and the air is occurring. We could add a red circle on the front of
the cart at time 2 (and possibly time 1) to show this is where most
of the force interaction between the cart and the air is occurring.
And we could add blue arrows to show that this is where energy
transfer to the air is occurring.

You also said there were motion and energy changes due to friction. After the cart has been launched when it is moving along the track
Where are all the places this would be happening in our model? When | the friction is between the cart’s wheels and the track.

would this be happening?

Can someone suggest a way for us to represent this in our model? We could add a red circle on the bottom of the box at time 4 (and

possibly time 3) to show this is where most of the force
interaction between the box and the track is occurring. We could
add a red circle on the bottom of the wheels on the cart at time 2
(and possibly time 1) to show this is where most of the force
interaction between the cart and the air is occurring. And we could
add blue arrows to show that this is where energy transfer to the
track is occurring.

ADDITIONAL Students may bring up the idea of static friction by asking about forces between the cart or box and the track

GUIDANCE when they are not moving. This is OK, and you can ask what students think about forces between surfaces that
aren't moving. You will return to considering net forces in future lessons. Accept all ideas at this time and say, It
sounds like we can use this idea of friction to explain why it takes a certain amount of force to get a stationary object
to start moving too.

Have students add annotations to their copies of Energy transfers and contact forces in the
launcher, cart, track, and box system to represent these ideas. The example diagram Enesgyrahfersand contact forces n e launcher, G bog, and Fack sjstem | - K
shown here provides a key for some of the times and places you may see students o N e Box
adding these annotations to their model. = - = -

Display slide I. Say, Let’s update our Progress Trackers with these new ideas. In the Progress
Tracker section of your notebook, make a three-part table to record the lesson question, 2, o Box
sources of evidence, and what weVe figured out. - ok

Have students add or move their copies of Energy transfers and contact forces in the
launcher, cart, track, and box system to this section of the Progress Tracker. If they can't
because they already glued these into their notebooks, they can add a reference page
number to this entry (e.g., “see page X of the notebook”). Encourage students to use the
remaining time to add descriptions in words for what they figured out that is x>
represented in the system model we developed as a class. :

eeeeeeee

openscied.org Unit 8.1+ Lesson 9 - 10/1/25 Page 194



8 - NAVIGATION

4 min

MATERIALS: Modeling other force interactions in the launcher, cart, box, and track system, colored pencils, Key for modeling force interactions in the launcher, cart, box, and track system

Say, Wow, we have really made progress on our model and filled in a lot of gaps to show what's happening in the system before, during, and after a
collision. We accounted for forces and energy changes when parts of our system are speeding up, slowing down, and colliding. We also figured out a
lot about what can contribute to damage in a collision. Let’s take stock of what we know next class and see if we can explain why some objects break
or don't break in a collision.

Introduce the home learning. Say, In preparation for that, look back at the previous models and explanations you developed in the last lesson and
consider what you would change about them now in light of what you figured out in this lesson.

Eﬂ/ Distribute the previously completed copies of Modeling other force interactions in the launcher, cart, box, and track system you collected

from students at the end of the last lesson. Show slide J. Emphasize that the revisions that students should make to this handout are
a key assessment opportunity for them to demonstrate what they figured out between the first time they completed this handout and now.
Tell students that you will collect these next time.%

ASSESSMENT Building towards: 9.C Develop and revise a model to identify other parts of the system the cart and box are
OPPORTUNITY making contact with or colliding into that are producing contact forces on these subsystems, causing energy to
be transferred to or from them as the box and cart travel down the track.

What to look for: See Key for modeling force interactions in the launcher, cart, box, and track system for guidance
on what to look for.

What to do: Treat this as a way to measure student growth in understanding from the previous copy you made
of their responses at the end of Lesson 8 and the start of Lesson 10. Since you won't have time to review their
revisions until the end of day 1 of the next lesson, make sure you do that at some point during day 2 of the
lesson, and definitely before day 3 of the lesson, so you can identify students who would benefit from talking
through revisions to their models before working on the transfer task assessment items in Baseball Assessment 1
and Baseball Assessment 2.

ALTERNATE Instead of assigning this as home learning, you could use this revision activity as a bell ringer at the start of the
ACTIVITY next lesson.
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LESSON 10: Why do some objects break or not break in a collision?

PREVIOUS LESSON  We conducted investigations to gather evidence to explain what other forces affect the kinetic energy of an object before a collision. We developed claims using
our evidence and provide and receive [ feedback with peers to synthesize our ideas. We revised our model to show additional places in the launcher system
where energy is transferred and how contact forces cause this energy transfer.

THIS LESSON WARNING! We revisit our collision types from Lesson 1and explain why some objects were damaged and others weren't in
L A A e e different collisions. We use these ideas to answer questions on the Driving Question Board and take an
PUTTING PIECES TOGETHER  [RUeXaSiisgiy RgBucéng«m. TIE FOR DEFENSIVE assessment to apply our new ideas to a new set of collision-related phenomena in the context of baseball.
PLAYERS. PLEASE WARN EVERYONE WHEN USING THIS TITANIUM BAT.

FAILURE TO ALERT COULD RESULT IN INJURY.

2 days

il

NEXT LESSON  We will revisit our anchor and discover that some phones were in cases when they were damaged. We will develop new phone case criteria and constraints and
design a protection device for something new. We will receive design feedback and develop an encompassing set of criteria and constraints.

BUILDING TOWARD NGSS | WHAT STUDENTS WILL DO

MS-PS2-1, MS-PS2-2, MS-PS3-1, | 10.A Apply scientific ideas to explain why some collision-related phenomena resulted in damage while others did not and to explain how the
MS-ETS1-2, MS-ETSI1-3, MS-LS1-8 | contributing factors (energy, matter, peak forces) could change to result in different collision outcomes.

stability of the system and its effect on kinetic energy changes due to air resistance), bat mass vs. bat speed (interpreting patterns in graphical and
tabular data to determine the linear and nonlinear effects on increases of kinetic energy within the system), and bat type (the effect deformation
has on peak forces in the system and kinetic energy) on how the game is played.

WHAT STUDENTS WILL FIGURE OUT

@ 10.B Apply scientific ideas to explain multiple baseball phenomena, including the effects of air density and wind on ball speed (changes to the

We figure out these ideas:
¢ We have made progress on our DQB questions.

¢ We can apply our new learning over mass, speed, peak forces, and energy transfer to explain equipment-related collisions and
interactions in baseball.
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Lesson 10 - Learning Plan Snapshot

e .

1 10 min NAVIGATION Big Ideas poster, markers
Reflect on prior learning and take stock of big ideas.

2 12 min REVISIT AND EXPLAIN COLLISION TYPES B-C  Explaining a Collision, Optional: a completed version of Related Phenomena List, Different
Revisit the Different Collisions poster from Lesson 1and Collisions poster from Lesson 1, Related Phenomena poster from Lesson 1, Big Ideas poster
explain each collision type in small groups.

3 10 min @ RECEIVE PEER FEEDBACK D Explaining a Collision, 1 timer
— Receive feedback on question 3 from partners with the
same collision type and with different collision types.

4 3 min NAVIGATION
Look ahead to revisiting the DQB and the assessment.

End of day 1

5 15 min REVISIT THE DQB F optional: typed list of DQB questions from Lesson 6, Big Ideas Table, Big Ideas poster
Use the Big Ideas poster to help answer questions on the
DQB.

6 30 min @ LESSON 10 ASSESSMENT G Baseball Assessment 1 or Baseball Assessment 2
— Begin Lesson 10 assessment.

End of day 2
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Lesson 10 - Materials List

e T, T

Lesson materials e science notebook ¢ Big Ideas poster
e Explaining a Collision e markers
e Optional: a completed version of Related Phenomena List ¢ Different Collisions poster from Lesson 1
¢ optional: typed list of DQB questions from Lesson 6 ¢ Related Phenomena poster from Lesson 1
e Bigldeas Table e 1timer
e Baseball Assessment 1 or Baseball Assessment 2

Materials preparation (20 minutes)

Review teacher guide, slides, and teacher references or keys (if applicable).
Make copies of handouts and ensure sufficient copies of student references, readings, and procedures are available.

Note about materials: Baseball Assessment 2 is an alternate for Baseball Assessment 1 and asks students to create the axes labels and intervals for the graph in question 4. Baseball Assessment 1
is the default assessment. Baseball Assessment 2 would take a bit longer and may be a bit more challenging for some students. If some students need a more challenging assessment, give only
those students a copy of Baseball Assessment 2 instead of Baseball Assessment 1. All other students should only receive a copy of Baseball Assessment 1. Make a copy of one of these
assessments, but not both, for each of your students depending on the level of challenge or differentiation needed for each student.

Day 1
¢ Create a poster titled “Big Ideas”
e If desired, the What We Have Discovered poster from Lesson 6 can be reused and expanded upon with the big ideas from Lessons 7-9 instead of creating the new Big Ideas
poster.
¢ Note that the ideas on the What We Have Discovered poster will be more detailed than intended for this activity, but they may be more helpful for students who need extra
support.
¢ Create on chart paper a Related Phenomena List:
¢ Organize the list with collision type headers.
¢ Note whether the object was damaged or not damaged under the collision type headers.
¢ Related Phenomena List can be used as a template to create this list.
Day 2:
¢ Optional: Have copies of the Driving Question Board questions ready for students to reference (previously used and collected at the end of Lesson 6).
¢ If some students need a more-challenging version of the assessment, substitute out copies of Baseball Assessment 1 for copies of Baseball Assessment 2 for those specific students. All
other students should receive only a copy of Baseball Assessment 1.
¢ If some students will need additional scaffolds to complete Baseball Assessment 1, make copies of Big Ideas Table for those specific students.
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Lesson 10 - Where We Are Going and NOT Going
Where We Are Going

This lesson provides an opportunity for students to apply new learning gained in Lessons 7-9 as well as another opportunity to reapply the ideas developed in Lessons 2-6. Students use these
ideas to explain specific phenomena they identified from their prior experiences that fall into the categories for the three collision types identified in Lesson 1and explain how factors in each
collision type (increases and decreases in speed, mass, kinetic energy, friction, air resistance, and peak force) contribute to damage or no damage in the collision between two objects. Students
also apply their ideas to answer questions on the Driving Question Board. Students then apply their knowledge to answer questions on an assessment targeting PS2.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. Forces on an object can also change its shape or orientation.) and PS3.A (kinetic
energy ... is proportional to the mass of the moving object and grows with the square of its speed).

Where We Are NOT Going

Some students may discuss the role of some materials in protecting objects better in a collision. But students will not develop or use ideas related to the structures and properties of protective
materials until the next lesson and the remainder of the unit (Lesson Set 3). Students who are familiar with baseball may bring up the idea of the “sweet spot” on the bat that can affect the
way a ball behaves. This lesson will not cover this topic as this behavior is related to something known as the center of percussion, which deals with both the elastic and harmonic properties of
the bat that are above the grade-band targets for the disciplinary core ideas in middle school. Explaining how wind speeds in the direction of motion (tailwinds) also are not assessed, nor is the
role of gravity in the motion of the ball, nor how the interactions with the air can cause lift (or downward forces) on the ball when it is rotating. Quantitative calculations of forces based upon
wind speed and direction and air density are above grade band and not the focus of this lesson.
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LEARNING PLAN for LESSON 10
1- NAVIGATION

MATERIALS: science notebook, Big Ideas poster, markers

10 min

Reflect on previous lessons. Say, Well, it seems like we have done a lot of work learning about the factors that can affect the motion of objects and
what occurs when objects make contact in a collision. We know all these factors contribute to the potential for damage in a collision. Let's look back
at our previous work as a class and create a list of our big ideas about these factors that affect the potential for damage in a collision.

Display the Big Ideas poster that was made prior to class. Project slide A. Place the Big Ideas poster in front of the class. Ask students to look
back in their notebooks to their Progress Trackers at what they recorded for their last lesson. Explain that as students share what we have
learned, you will record the big ideas on the Big Ideas poster.

Ask students, What was a big key take-away from our last lesson? Students should respond with the following ideas:
e Friction and air resistance are contact forces.
e Friction causes energy to be transferred to and from objects as they come into contact with each other.
¢ Friction and air resistance decrease the kinetic energy of the moving object but increase the kinetic energy of the particles that
make up the objects or subsystems the moving object comes into contact with (as well as on some of the surfaces of the moving
object as well).

Take a moment to summarize into a shortened bullet point what students are saying:
e Friction and air resistance affect a moving object’s kinetic energy.

Say, We also have some great ideas from Lesson 8 that we had discovered. What did we learn in Lesson 8 that we can include in our Big Ideas list?

Continue the process of having students share what we have learned as you summarize them into quick bullet points for students to
reference. Below is a list of bullet points by lesson as an example:

9 ® Friction and air resistance can affect a moving object’s kinetic energy.
8 ® Objects with different speeds and masses require different amounts of force to speed them up or slow them
down.

® Energy can be transferred into or out of an object when it comes in contact with another object due to the
forces that act on each object.
® |t takes more force to speed up a more-massive object the same amount as a lower-mass object.

7 ® The more kinetic energy an object has, the more damage that object can do in a collision.
Changes in the kinetic energy of a moving object are proportionally related to changes in the mass of that
object.

® Changes in the kinetic energy of a moving object are related to changes in the speed of that object.

6 putting the pieces together and assessment--an application in the context of soccer of the ideas we developed
earlier in the unit
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% ATTENDING TO EQUITY

Universal Design for Learning: This activity
of co-constructing a list of the big ideas or
take-aways students will have figured out up
until this point in the unit is in service of
recalling concepts developed in the prior
lesson(s) so that students can readily apply
these ideas to developing their own models
that connect the ideas together to explain
their own phenomena from Lesson 1.

When creating this list, make sure that the
list gives the opportunity for students to
engage by optimizing the challenge for some
students or varying the amount of detail
used in the list for others. Err on the side of
general bullet points when creating this list
to allow students to show that they
understand the concept, in lieu of re-writing
the concept on the list as their answer.

If the list on this poster is too specific, some
wording of aspects and ideas could be
copied directly from the poster onto the
student-created models, limiting the
amount of actual idea transfer and
representation that would occur in the next
step for students who are ready to engage in
a higher level of application of the science
ideas. Alternatively, if a student is in need of
an additional scaffold, a list with more-
detailed ideas could be given to the student
during the modeling process, such as the
more detailed list from the What We Have
Discovered poster from Lesson 6. A less
detailed list allows students who are not in
need of the additional scaffold to still show
their application of ideas, and a more
detailed list helps those who need the
scaffold receive the just-in-time support.

Page 201



5 ® Forces are applied on both objects in equal strength and opposite directions during a collision.
® Speed and mass increases lead to kinetic energy increases, which can lead to higher peak forces.

4 ® All objects deform up to a point.
® Once their elastic limit is reached they permanently deform.
e Different materials, shapes, and thicknesses result in different elastic limits and breaking points for different

objects.
3 ® All objects bend or change shape in a collision.
2 ® Collisions can cause shape and motion changes.

Energy transfers in a collision.
® There are forces in a collision.

ADDITIONAL Lessons 7-9 build upon learning from Lessons 2-6. Some classes may mention ideas from Lessons 2-6 as they

GUIDANCE are referencing ideas developed in Lessons 7-9. These classes or students may not need to go back as far as
Lesson 2 to encapsulate the big ideas in their big ideas list. This is fine as long as these ideas from Lessons 2-6
are also present in the final Big Ideas poster.

ALTERNATE If desired, the What We Have Discovered poster from Lesson 6 can be reused and expanded upon with the big

ACTIVITY ideas from Lessons 7-9 instead of creating the new Big Ideas poster. Note that the ideas on the What We Have
Discovered poster will be more detailed than intended for this activity, but they may be more helpful for
students who need extra support. The What We Have Discovered poster would also be helpful for those who
are still mastering the ideas presented in Lessons 1-6. If this option is chosen, substitute out the Big Ideas poster
references in this document for the What We Have Discovered poster.

2 - REVISIT AND EXPLAIN COLLISION TYPES 12 min

MATERIALS: Explaining a Collision, science notebook, Optional: a completed version of Related Phenomena List, Different Collisions poster from Lesson 1, Related Phenomena poster from

Lesson 1, Big Ideas poster

Say, Now that we have this great list of the big ideas weve discovered so far, let’s see if we can apply these to explain collisions from Lesson 1. Let’s
look back at our Different Collisions poster.

Look back at the Different Collisions poster. Project slide B if students cannot see the Different Collisions poster well from their seats. Direct
students to look at the Different Collisions poster. Point out that we had categorized 3 main types of collisions:

¢ Collision type A: A moving object was damaged OR wasn't damaged when it collided with a motionless object.

¢ Collision type B: A motionless object was damaged OR wasn't damaged when a moving object collided with it.

¢ Collision type C: A moving object was damaged OR wasn't damaged when it collided with another moving object.

Ask students if they think we can better explain why some objects broke in those collisions and others did not. Students should respond
positively to this question.
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Say, We will have a chance to revisit each collision type in small groups. Remember, we brainstormed related phenomena that went with each
collision type in Lesson 1. We should go back and try to explain our real-world scenarios! We know that we cannot individually easily explain each and
every collision mentioned on our Related Phenomena poster ourselves, so we can each pick one collision type and pick a related phenomenon that
falls into that category. That way we can explain multiple collisions in one class period.

Apply these big ideas to another collision phenomenon. Project slide C. Distribute Explaining a Collision. If the printable copy of Related
Phenomena List was created in lieu of the Related Phenomena List on chart paper, pass it out at this time. Explain that Explaining a Collision
will help them explain what happens before and during a collision that can contribute to damage or no damage occurring to the objects
involved. Tell students that in a moment they will be divided into groups of 3, and each person will take a collision type to work with. The
projected handout on slide C can be used to point out specific questions as the class goes over the handout together. On question 1 they will
select which collision type they are individually focusing on in their groups. After the groups have delegated collision types, they will then get
to choose their own collision from the Related Phenomena List or the printed copy of Related Phenomena List that has all of our different
collisions listed from the Related Phenomena poster. On question 2, students will write what they have chosen as their related phenomena

collision.

Point out that question 3 has a 3-series box that will need to be completed. The boxes are broken down into 3 basic categories:

¢ Box 1- factors that impact movement before the collision

e Box 2- what occurs during the collision to cause damage or no damage
¢ Box 3- what factors would be altered to have the opposite outcome in a collision

Go over instructions for each box in question 3. Look closer at box 1 with students. Say, We now know that a lot of factors affect the objects
before a collision. We also know that those factors affect the objects’ kinetic energy, which in turn will affect their potential for causing or experiencing
damage in a collision. In box 1, make sure to draw a free-body diagram of each moving object and each nonmoving object. Be sure to show what
factors affect the object before it comes into contact with the other object in a collision.

Move on to box 2 with students. Begin a discussion about whether to include forces such as friction and air resistance in box 2. Lead students
to understand that this is not a needed part of the collision drawing for box 2. Example prompts and responses for this discussion are below:

Suggested prompt

Sample student response

Let’s think about some of the factors from box 1. What are some of the
things from our Big Ideas list that we may want to add in that box as
impacting the movement of objects before the collision?

Looking at box 2, do we think that these forces are also working during
our collision?

Do we think that friction and air resistance are causing things to break
or not break when the two objects are in contact in box 22 Are friction
and air resistance causing the potential damage, or is that the contact
forces?

So in box 2, does it make sense to focus on the forces of friction and air
resistance, or on the contact forces?

Friction of the ground.

The air resistance.

Yes, friction on the ground or air resistance is almost always acting
on a moving object.

The friction and air resistance affect how it moves, but don't affect
the object that much when it collides.

The forces that really cause damage are the contact forces during
the collision.

It makes more sense to focus on the contact forces, since those
lead to damage or no damage.

Say, OK, so friction and air resistance are probably still at play on the objects during a collision, but the collision occurs over such a brief period of
time that those forces are relatively weaker than the other contact forces in most collisions, so since they dont really affect those objects as much as
the other contact forces in a collision, lets make sure that in box 2 we just focus on those contact forces that occur during the collision.
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Instruct students to make a note of this beside box 2 if they feel they will need a reminder of this decision later.

Look at box 3 more closely with students. Explain that this box is meant for students to consider what factors would have to be changed to
alter the outcome of the collision. If the object(s) did not break, explain what changes to the objects would have to occur to create damage in
the collision. If the object(s) was damaged, explain what changes to the objects would have to occur to lead to no damage in the collision. In
the latter case, make sure students know that they are drawing and explaining changes to the objects’ force and energy and not adding any
protective materials or any other physical materials to the objects that have the function of protecting the object(s). Box 3 is asking what
force and energy changes would have to occur to the objects to create a different outcome in the collision.

Group students and begin the task. Divide students into groups of 3. Remind students that each person in the group will be working on a
different collision type. Before students start working, go to each group and confirm that each student is delegated a different collision type.
Tell students that as they work they should reference the Big Ideas list and use their science notebooks as a reference to complete the task.

As students are working, circulate from group to group. Use this time to provide individual feedback in the form of questioning to guide
students to the big ideas and representations needed in each box. The following questions can be used to help students as they are working
on different boxes:

Box # Questions to use

1 ® What factors did we identify on our Big Ideas list that we can include in box 1?
What did we say impacts the movement of objects before the collision?
Think back to Lessons 7 through 9. How did we represent those ideas? Did we represent them the same way
here?

® Did you make sure to show both objects and also show how different forces affect their motion before the
collision?

Did you make sure to only focus on the forces and energy changes that cause damage in a collision?
What happens to the structure of objects during a collision?

What made your object break or not break? Make sure to include that in box 2.

Are all the ideas about the moment of collision from our Big Ideas list in box 2?

3 ® ook back at box 1. If something were different in box 1, would it affect the collision? If so, document that in
box 3.

® Are there any forces that act on the object before or during the collision that could be changed to affect the
outcome of the collision? Which ones? Add those to box 3.

® ook back at box 2. If you were to alter something in box 2, would it affect the outcome of the collision? If so,
add it to box 3.

When students believe they are finished, use these questions to help them check their ideas:
¢ Are the ideas on our Big Ideas list somewhere in your explanation in question 3?
¢ Double-check kinetic energy. Are you showing the correct changes in kinetic energy from box 1to box 2?
¢ Check with another group member. Do you have similar ideas in boxes 1and 2?

Allow students time to finish Explaining a Collision. Encourage them to compare ideas on question 3 with their group members as they
complete their work.
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3 - RECEIVE PEER FEEDBACK

10 min

MATERIALS: Explaining a Collision, 1 timer

Introduce collision type partner feedback process. Display slide D. After students have completed a first pass at filling out Explaining a
Collision, tell students that they will get a chance to give and receive feedback on their ideas. Explain to students that they will find a person
from another group with the same collision type. They will then share their specific phenomenon and show how they represented their ideas
for question 3. After that, they can discuss similarities and differences in their representations and overall ideas using the guiding questions
on slide D.

Say, After you have had a chance to share with your partner, you will get a chance to revise your ideas and make a stronger explanation based upon
what you may have seen in your partners model or the feedback that your partner has given you. We will have a chance to get feedback twice, this
time from someone with our same collision type, and then from someone with a different collision type. After we have completed our revision cycles,
you will be turning this in.

Tell students that you will set a timer for 5 minutes to complete this feedback process. To help students find someone else who has the
same collision type, ask students who have collision type A to raise their hand. Have students with their hands raised point to the person that
they are going to engage in the feedback process with. It is OK to have one group of 3 if there is not an even number of students with that
collision type. Repeat this selection process with collision types B and C. Once all students have a partner, instruct them to find a spot next to
their partner and start the feedback process.

As students are giving feedback, circulate and remind students to use the guiding questions on the slide to help give feedback. After both
partners have explained their ideas and given feedback, remind students to make any changes they feel necessary based upon the feedback
they have received to question 3. Once students have completed this process, have them return to their seats.

Introduce the partner feedback process with a different collision type. Explain to students that now that we have had a chance to think
about our own collision types, we also know certain factors can change the amount of damage in different collision types. A collision with
just one moving object may have different interactions during the moment of contact than a collision with more than one object moving.
Things like peak force, resistance, and kinetic energy may be shown differently for different collision types. Because we want to consider how
different collisions result in damage or no damage, we really need to discuss our ideas with someone else who had a different collision type
than the one we just explained. This may also help us explain more about the factors that might contribute to more or less damage in box 3.

Project slide E. Tell students that the feedback process will be the same as the last round, with the exception of their partners and a couple of
the questions. This time they will find someone who has a different collision type from a different group to share their ideas with. After both
partners have shared their ideas, they will work together to answer the feedback questions on slide E and revise their ideas on question 3.

Have students get up from their seats and find someone who has a different collision type. Once students have found someone with a
different collision type, students should start the feedback process using the questions on slide E. After both partners have explained their
ideas and given feedback, remind students to make any changes to question 3 they feel necessary based upon the feedback they have
received.

Qf After the students have completed their feedback and the revision of question 3, have them hand in Explaining a Collision. Use this
handout to gauge student understanding of variances that can occur to impact damage in a collision.

ASSESSMENT Building towards: 10.A Apply scientific ideas to explain why some collision-related phenomena resulted in
OPPORTUNITY damage while others did not and explain how the contributing factors (energy, matter, peak forces) could
change to result in different collision outcomes.
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ASSESSMENT
OPPORTUNITY

4 - NAVIGATION

MATERIALS: None

Continued from previous page

What to look/listen for: Look for students to use the ideas off of the Big Ideas poster. In box 1, look for these
ideas:
¢ representing the kinetic energy of the moving object as greater than the nonmoving object
¢ forces due to air resistance and friction acting on the moving object before the collision
e force arrows that are representative of the relative amounts of force acting on the moving object in
the proper direction and whose arrow tips are touching the surface the force is acting on
In box 2 look for these ideas:
¢ objects bending or deforming (momentarily or permanently)
¢ each object experiencing the same amount of peak force but in opposite directions
¢ energy being transferred in the system between the colliding objects at the moment of contact
e optional: If the objects are made of different materials, they could show different amounts of
deformation for the same amount of force. Though students know this should be the case based on
ideas they figured out in Lesson 4, because they won't know the relative elasticity of each object in the
system, they may not feel it is valid to represent these relative differences in their models without
having these specific data to inform which object would deform more or less than the other.
In box 3 look for these ideas:
¢ changes in speed being represented as a larger factor than changes in mass in reducing or increasing
kinetic energy of the moving object(s)
e greater or less air resistance and friction causing the increase or reduction of kinetic energy of the
moving object(s) before the collision
¢ changes listed above having an effect on the amount of deformation of each object at the moment of
collision
¢ changes in the amount of deformation of each object corresponding to whether it exceeds the elastic
limit of the object or not to account for whether it is damaged or not

What to do: As students hand in Explaining a Collision, check the handout for the ideas above. If an idea is
missing or misrepresented, revisit the Big Ideas poster with the student(s) before the assessment on day 2. Use
the Big Ideas poster for a checklist and make sure the student(s) sees that a concept is missing or that a concept
may be misrepresented. Direct the student(s) to look back at representations in Lessons 6-8 that show changes
in friction, air resistance, and kinetic energy. If the idea comes from Lesson Set 1, use the Lesson 6 What We
Have Discovered poster as a physical checklist for the students. This more-detailed list may provide a needed
scaffold for students.

If intervention at this stage is warranted, use the DQB check-in the next day as a secondary formative
assessment. Ask questions specifically targeted to the related topics above from the DQB and have students
turn and talk with a partner about their answers. Listen to those specific students who had required intervention
to assess if they now are using the target understandings.

3 min

Say, Wow, we have really figured out a lot about collisions and damage! Next time, let’s see if we can answer any more questions from our DQB and

then apply what we have figured out to a new scenario--baseball!
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End of day 1
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5-REVISIT THE DQB

15 min

MATERIALS: optional: typed list of DQB questions from Lesson 6, Big Ideas Table, Big Ideas poster

Say, Last class we worked on applying our knowledge to explain how each collision type worked and why some collisions caused damage or not. Let’s
see if we can apply some of the ideas from our Big Ideas poster to answer more questions on our DQB.

Project slide F. Ask students to meet in a semicircle around the DQB.% Have students turn and talk about the following questions:
¢ What areas of the DQB have we made progress on?
¢ Are there any specific questions that we can now answer that we could not answer last time?

Ask students to share whether we have made any progress on an area of the DQB. Students should respond that we have made progress on
areas related to the movement of objects, friction, air resistance, damage, increases in mass vs. speed, peak forces, and KE. Pick one section
that students feel we have made progress on and pull a question from that grouping. Read the question out loud and ask students what we
can say is the answer to that question. Once the question is answered, put a check mark on the corner of the sticky note. If it is determined
that all the questions in that section can be answered, place a larger check mark in the area of the section to indicate that the larger group has
been answered. After a couple of individual questions have been answered from each section identified by students, start checking off full
groups of questions that students feel we have made progress on.

After this process has been completed, most areas of the DQB should have large check marks next to them. There should still be a section
remaining about materials and how those materials contribute to a reduction of damage in a collision. Point out this section to students.

Say, It seems that we still have a section left over about materials and protecting objects. We will definitely have to revisit that and figure out how
some materials work and seem to protect objects better than others. Figuring that out also seems to lend itself to an engineering approach to
developing solutions that can help protect objects from getting damaged in a collision. But before we start down that path of questions and ways to
investigate them, let's make sure we can apply our current understandings to another set of collision-related phenomena. Let’s prepare to do that in
the context of another sport, this time related to baseball.

I found some interesting claims, data, and questions related to baseball game play that involve collisions. Id love to share them with you and see if
you can use what we figured out to explain these as well.

6 - LESSON 10 ASSESSMENT

% ATTENDING TO EQUITY

Universal Design for Learning: Some
students may not be able to see the smaller
writing of questions on the Driving Question
Board or visually track from one question to
another in a group of questions due to their
perception. If students are having trouble
seeing or would be better able to complete
the task with a list of questions on paper in
front of them, give students a copy of the
typed DQB questions from Lesson 6.
Students may have added questions to this
list in the interim, but the Lesson 6 list will
provide a great starting point for this DQB
discussion. The list can also be modified and
reprinted if desired.

Determine if you would like to give your
class access to the Big Ideas poster while
taking the assessment. If you would like
students to complete the assessment
without this, remember to take it down at
this point in the lesson. Alternatively, if you
would like only certain students to have
access to this resource to engage them in
deeper sensemaking during their
assessment, consider making a copy to
distribute to select students or allow
students to access their notebooks during
the assessment. A generic Big Ideas list can
also be found in Big Ideas Table.

30 min

MATERIALS: Baseball Assessment 1 or Baseball Assessment 2

@ Distribute Baseball Assessment 1 or Baseball Assessment 2. Project slide G. Read over the scenario with students. Direct students to
put their name at the top of the paper and read through the questions together. Answer any clarifying questions students may have

about the assessment.

Ask students to complete Baseball Assessment 1 or Baseball Assessment 2 on their own.% Collect the assessment when students are finished.
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% ATTENDING TO EQUITY

Universal Design for Learning: There are two
versions of this assessment to provide access
for all students. Some students may be in
need of additional scaffolds or more of a
challenge during this assessment. If students
need additional support connecting the key
ideas to the assessment, distribute Big Ideas
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ALTERNATE
ACTIVITY

If students had previously needed additional learning experiences to show conceptual understanding on Soccer
Assessment and have been revising their questions as the unit has progressed, instruct students to get out their
prior assessment they have been updating during Lessons 7-9. Tell students to use their updated answers to aid
them in developing their responses on the current assessment.

ASSESSMENT
OPPORTUNITY

openscied.org

Building towards: 10.B Students apply the science ideas to explain multiple baseball phenomena, including the

effects of ball speed (changes to the stability of the system and its effect on
changes due to ), bat mass vs. bat speed (interpreting patterns in graphical and tabular data
to effects within the system), and bat type
(the effect in the system ) on how the game is played.
What to look for:

¢ Questions 1-2: Students should show a decrease in ball speed attributed to the loss of energy due to
air resistance. Students should justify this idea using free-body diagrams showing the relative
strengths of air resistance due to wind speed.

¢ Question 3: Students should use ideas for investigations that utilize previous labs and analogies made
in class.

¢ Questions 4-6: Students will plot points based upon data, then predict a data point based on the line
of best fit.

¢ Question 7: Students should explain that an increase in bat mass would decrease swing speed due to
the amount of energy needed to move a more-massive object.

¢ Questions 8-9: Students should reflect an understanding that speed increases at a greater rate when
kinetic energy is doubled. A decrease in air resistance would increase the visible effects of this
relationship.

¢ Question 10: Students should argue the warning on the bat supports the coach’s claim that it produces
higher peak forces in a collision than other bats, but nothing on the warning provides information to
support the claim that it deforms less in a collision.

¢ Questions 11-12: These answers are subjective to viewpoint; see Key 1: Baseball Assessment and Key 2:
Baseball Assessment.

e See Key 1: Baseball Assessment and Key 2: Baseball Assessment for a more-detailed assessment
guidance by question.

What to do: If students need additional assistance on

¢ questions regarding air resistance: If students are not showing air resistance as a force acting on the
ball, revisit the question 1 wind speed graph with students and ask about the factors that could be
affecting the ball during its flight. Compare the points on the graph and the axes labels to determine if
energy is being lost to the air or gained from the air. Look back at Lessons 8 and 9 to view
representations of how air resistance on the cart was modeled and consider how this can be applied
to the current model.

¢ questions regarding plotting points: Revisit Lesson 9 and compare the plotted points seen on those
graphs with the current graph students are constructing. Look at how the points are plotted on the x-
and y-axes, and guide students in plotting the first point together.

¢ questions regarding the line of best fit and data identification: Revisit the second graph on Station 2
data cards and determine how the line of best fit was determined for each color on that graph. After
establishing how the line of best fit is constructed, ask students to predict what the points would be at
different speeds and fuel consumptions. Once students are more comfortable with finding potential
data points based upon the line of best fit, have students again try to identify the data point in
question 6.
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Table and ask students to write the key idea
that helped them answer the prompt
(example: 8.b) next to the question. Use
Baseball Assessment 2 for students who
would benefit from a more-challenging
assessment. This assessment will provide
less scaffolding for questions 3 and 4 than
the other version.
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ASSESSMENT
OPPORTUNITY

Continued from previous page

e questions regarding the mass-energy relationship: Look back at the data from the Lesson 9 cart and
box model and the Lesson 7 investigation data and graph regarding the increases in mass and kinetic
energy needed to speed the object up to the same point. If this is not enough, pull the student aside
and have them push two objects of different masses and determine which item would require more
energy to get to the same speed. Have students apply this knowledge to the bat mass and swing
speed questions on the assessment.

e questions regarding increases in mass vs. increases in speed: Revisit the data from Lesson 7 on
Changes in Kinetic Energy: Investigations #1 & 2 and Graphing Kinetic Energy Relationships to compare the
relationships seen in the Lesson 7 data and the data on the assessment.

ADDITIONAL
GUIDANCE

When evaluating student ideas on this assessment, it may appear that some students may need to receive
additional support in understanding the science ideas. As interventions are being conducted that are listed in
the “What to do” area of the assessment guidance and as students progress through Lessons 12-15, students
may find value in the revision of their ideas. As the unit progresses, ask students to go back to Baseball
Assessment 1 or Baseball Assessment 2 and revise their answers. Have students also look back at the Lesson 6
assessment and revise any ideas there as well. Students can then use these documents of evolving
understanding to aid in their responses on the Lesson 15 assessment.

Say, We have learned a lot about collisions, but we still seem to have questions about the materials in a collision. | was looking back at our phone-

breaking problem and recalled some interesting data from our first lesson about phones that were protected and still broke! We will revisit those data

in our next class.

Additional Lesson 10 Teacher Guidance.

SUPPORTING
STUDENTS IN
MAKING
CONNECTIONS IN
ELA

openscied.org

CCSS.ELA-LITERACY.W.8.1: Write arguments to support claims with clear reasons and relevant evidence.

CCSS.ELA-LITERACY.W.8.1.B: Support claim(s) with logical reasoning and relevant evidence, using accurate,
credible sources and demonstrating an understanding of the topic or text.

CCSS.ELA-LITERACY.SL.8.1.C: Pose questions that connect the ideas of several speakers and respond to
others’ questions and comments with relevant evidence, observations, and ideas.

Students write an explanation to support claims around mass and speed and how these affect the kinetic

energy of a moving object. In addition, students revisit the Driving Question Board to identify what questions
they can answer and which questions they still need to investigate.
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LESSON 11: What can we design to better protect objects in a collision?

PREVIOUS LESSON  We revisited our collision types from Lesson 1 and explained why some objects were damaged and others weren't in different collisions. We used these ideas to

answer questions on the Driving Question Board and took an assessment to apply our new ideas to a new set of collision-related phenomena in the context of
baseball.
THIS LESSON We look back at our anchor and discover that some phones were in protective cases when they were damaged.
We develop new phone case criteria and constraints and design our own protection device for something we
want to protect. We receive feedback on our designs and consider what criteria and constraints all designs need
to protect objects. We develop questions about our designs and ideas for investigation. We determine that we
need to figure out the best damage-reducing materials.

ANCHORING PHENOMENON

2 days
@

NEXT LESSON  We will conduct an investigation to determine what materials reduce peak force in a collision and compare the structure of the materials. We will determine
whether peak force is reduced equally on both objects, regardless of size, and try to develop a model to explain how the materials function to help reduce peak
forces.

BUILDING TOWARD NGSS | WHAT STUDENTS WILL DO

MS-PS2-1, MS-PS2-2, MS-PS3-1, | 11.A Define a problem that can be solved with the development of a protective device to reduce damage (peak force) during a collision by
MS-ETS1-2, MS-ETS1-3, MS-LS1-8 | identifying and considering multiple criteria and constraints along with specific materials, shapes, and designs of devices that reflect our science
ideas of how certain material properties function in a collision.

@ 11.B Design a solution to a problem to reduce the damage to an object in a collision (by reducing peak forces) by considering the properties of
different, individual materials and shapes being used to serve particular functions.

WHAT STUDENTS WILL FIGURE OUT

e All protection devices have similar criteria and constraints.
¢ Device shape, material, and structure have something to do with protective devices reducing damage to an object.
¢ We need to determine what makes certain materials better at reducing damage than other materials.
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Lesson 11 - Learning Plan Snapshot

EE=l I mew e s

1 10 min

2 6 min

3 8 min

%

4 10 min

=&

5 1M min

REVISIT ANCHORING PHENOMENON

Look back at phone case data from the anchoring
phenomenon. Consider how to better protect phones
from damage.

CHART OTHER OBJECTS THAT NEED (BETTER)
PROTECTION

Record what objects students believe need better
protection during a collision and what changes can
make that object more protected.

DETERMINE CRITERIA AND CONSTRAINTS OF
INDIVIDUAL DESIGNS

Select a personal object to protect and develop
criteria and constraints for that object.

DRAFT DESIGN IDEAS
Use Drafting Our Protection Device Design to draft the
initial protective device designs.

RECEIVE FEEDBACK ON DESIGNS
Introduce a structured feedback process to gain
feedback on initial designs.

H-1

Building a Better Phone Case chart, markers

Objects that need (better) protection during a collision chart, markers

Protection Device Design Thinking, Objects that need (better) protection during a collision chart,
Building A Better Phone Case chart

Protection Device Design Thinking, Drafting Our Protection Device Design

Drafting Our Protection Device Design, 1 timer

End of day 1

6 13 min

7 8 min

8 20 min

9 4 min
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HOME LEARNING FEEDBACK GALLERY WALK
Look back at home learning to see what others would
like to protect.

DEVELOP A SHARED CRITERIA AND
CONSTRAINTS LIST

Work together to identify criteria and constraints that
all designs should be structured around.

DEVELOP QUESTIONS AND IDEAS FOR
INVESTIGATIONS

Look back at the classroom artifacts and student
artifacts to brainstorm questions and ideas for
investigation related to structure, function, design,
and materials.

NAVIGATION
Determine next steps to investigate what materials
would make better protection devices.

J-K

N-O
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At least 3 3"x3" sticky notes for gallery walk feedback, Drafting Our Protection Device Design

Drafting Our Protection Device Design, partner feedback sticky notes, Building a Better Phone
Case chart, Whole-class Criteria and Constraints chart, markers

3 more 373" sticky notes, Protection Device Design Thinking, Drafting Our Protection Device
Design, partner feedback sticky notes, Objects that need (better) protection during a collision
chart, Building a Better Phone Case chart, Whole-class Criteria and Constraints chart, chart
paper, markers
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End of day 2
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Lesson 11 - Materials List

I S S T S

Lesson materials ¢ Protection Device Design Thinking ¢ Building a Better Phone Case chart
¢ Drafting Our Protection Device Design e markers
¢ At least 3 3"x3" sticky notes for gallery walk feedback ¢ Objects that need (better) protection during a collision chart
¢ partner feedback sticky notes ¢ Building A Better Phone Case chart
¢ 3 more 3"x3" sticky notes e 1timer
¢ Whole-class Criteria and Constraints chart
e chart paper
Materials preparation (15 minutes)
Review teacher guide, slides, and teacher references or keys (if applicable).
Make copies of handouts and ensure sufficient copies of student references, readings, and procedures are available.
Create a chart titled “Building a Better Phone Case”
‘2 - L,,‘i I-"'\ ) N
¢ Section off the chart into 3 rows with these labels at the left of the rows: ub_)(‘«" FsHat e : %U( \drng 03 bCHe( phon@ wse
¢ Phone case purpose D(g’te(lrlg)ﬂ dunng a collision
e Criteria (the things an object needs to have or do to meet the main goal or purpose of ?—W*‘m Theler Prone COse pupoe
the device) bee( [y ;j—gr*pd from damage
¢ Constraints (all other considerations and limits from people and the environment) _ B I —
Criferia (Hing on
Create a chart titled “Objects Others Would Like to Protect from Damage”. object needsfo fue or
do o meetthe main go)ﬁl
Create a T-chart titled “Whole-class Criteria and Constraints” and with these column headings: oc purpse of dhe device
e “Criteria” on the left
* “Constraints” on the right - N
Create a T-chart titled “Objects that need (better) protection from a collision” and with these column E%i&%ﬂﬁnﬁl imids
headings: From people an
¢ "Object” on the left enviranmen
¢ “ldea to make it better protected from damage” on the right
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Lesson 11 - Where We Are Going and NOT Going

Where We Are Going

In this lesson, students are tasked with drafting a design of a device to reduce damage for an object of their choice. Students will be asked to take into consideration why they are using certain
materials and how those materials might reduce damage in a collision. Students will represent changes they believe are occurring to the protection device's materials in a collision that will
reduce the peak force on the object it is protecting. Students will also develop questions that they need to figure out regarding materials and device design (shapes and so forth) to best meet
the criteria and constraints of the design.

Students are reminded in this lesson that in the Homemade Heater Unit, Cup Design Unit, and Tsunami Unit, they worked with criteria and constraints They recall examples of how they used
these in the past to design and evaluate solutions for different stakeholders (entities like people, groups, or things that are impacted by design decisions).

Where We Are NOT Going
This lesson will not develop an explanation of why some materials are able to reduce peak forces on the objects they are protecting in a collision. At this point, the initial explanations are used

to generate interest and competing ideas that will lead to the need in Lessons 11-14 for further investigation into how shape and material type influence the behavior of cushioning materials
and how this affects peak force produced in a collision.
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LEARNING PLAN for LESSON 11

1- REVISIT ANCHORING PHENOMENON

MATERIALS: Building a Better Phone Case chart, markers

10 min

Recall anchoring phenomenon. Project slide A. Say, When we started this unit, we looked at some

interesting data. | was looking at it again and one piece of data stuck out. Weve learned about and

explained how different objects can get damaged in a collision, but even when some objects are
protected sometimes they still get damaged. Look at these data from our original phenomenon.

Read the data from slide A. Point out the datum regarding phones breaking while still in their

cases.

* 27% of people said that their phone was in a case when they broke it.

Say, Even with cases, 27% of the phones were still getting broken! So the cases do not completely

prevent damage.

Establish the purpose of a phone case. Display the Building a Better Phone Case chart. Say, If
damage can still occur when a phone is in a case, why do people even use them? What would you

think people would say is the primary purpose of a phone case?

Students should respond that a phone case is meant to protect phones from damaging contact

forces in many situations. Record this idea on the Building a Better Phone Case chart in the

column to the right of “Phone Case Purpose”. Say, It seems like the phone cases, while helpful, are
not fully protecting phones from damaging contact forces in every collision. What design features do

we think would be needed to refine a phone case to better serve its purpose of protecting phones?

%u}‘dmg a betfer phone case

*'0 P(o{'ed' phoﬁes
oo d)mggmcﬁ confoct

forces

(Pmm CQSL(:mpzm

Criteria (Hhing o
objyect needso have o
do fo meetthe main gl
oc purpose of the device )

Constraints (all cther

consideradions ond. limi
From people gndl Hhe
environ

Brainstorm phone case ideas. Ask students what potential design features a phone case needs that might offer better protection. Example

responses are below.

Suggested prompts

Sample student responses

Follow-up questions

Think about your phone cases. What could
make that case better at meeting its purpose
of protecting your phone?

openscied.org

Maybe if there was something on the front
to protect the screen.

If there's something there it might not hit it
directly.

Why might that be helpful? What would that
do to help protect the phone during a
collision?

So youre saying that maybe if we reduce the
amount of direct contact with the phone, that
may help make the case better?

Unit 8.1« Lesson 11+ 10/1/25

% ATTENDING TO EQUITY

Supporting Emerging Multilingual Learners:
When revisiting vocabulary from past units,
strategies that may benefit emerging
multilingual learners are to use student-
friendly definitions, make connections to
cognate words when possible, and include a
visual representation of the word. Adding the
word to the Word Wall allows students to
have a reference point for the meaning of
the word, and by relating it to past
experiences students can make connections
across units to help develop the full meaning
of the word, not just what the word means in
one contextualized area or unit. Because
these words were previously earned,
meaning can be expanded upon as students
engage in the engineering design process in
a new context.
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Suggested prompts

Sample student responses

Follow-up questions

What other things could make the case a
better case?

Any other ideas that might make the case a
better case?

There could be, like, rounded bumpers on
the corners. Last time | broke my case it
landed on the corner.

Maybe more material helps protect it
better.

| think changing the type of materials, not
just adding more, may make it a better
case.

Some fragile things come in bubble wrap.
Maybe we could use something like
bubble wrap to protect the phones.

Why might adding material or changing the
shape be beneficial for phone protection?

So youre saying increasing the thickness or
changing the shape of materials seems to
help reduce damage in a collision?

What changes to the materials are you
thinking?

So you're saying that the type of material
used may help reduce damage in a collision?

Shift focus to criteria and constraints. Transition to the "Criteria” and "Constraints” sections of the chart.

Project slide B. Say, We have some ideas about what a phone case would need to better protect our phones. Let’s create a list of the criteria and

constraints a phone case designer would need to consider in making a better phone case.

Remind students that in the Homemade Heater Unit, Cup Design Unit, and Tsunami Unit, we
worked with criteria and constraints. In the Cup Design Unit students used criteria and
constraints to design a new cup to keep a drink cool. In the Tsunami Unit students used criteria
and constraints when evaluating different designs to protect communities from a tsunami. In
the Homemade Heater Unit students used criteria and constraints to create a homemade heater
foran MRE.

Criteria are the things a device needs to have or do to meet its main goal or purpose. Constraints
are all other considerations and limits from people or the environment. Place the words criteria
and constraints on the Word Wall for student reference. Remind students that we also worked
together to define stakeholders in the Homemade Heater Unit and Tsunami Unit. Stakeholders are
the entities like people, groups, or things that are impacted by design decisions. Add
stakeholders to the Word Wall.%k
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Ask students the questions from slide B and have 2-3 students share out their ideas. Below are e andl the '\m‘ T ‘, IEsT
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suggested prompts and sample student responses to the slide B questions. Fill in the rest of the  oyjranmer el
Building a Better Phone Case chart as students share their criteria and constraint ideas. h‘“' B danh
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Suggested prompts

Sample student responses

Follow-up questions

Let’s look at row 2 on our chart. What criteria
would a phone case need to have to better
meet the purpose of protecting the phone?

We might need it to have rounded edges or
thick sides, like thick and padded to protect
the phone. The shape probably matters.

Awesome. Let’s think about the constraints.
What are some stakeholder considerations
we should have? Is there anything that would
limit our designs?

It would have to work a lot of times, not just
for one drop or impact.

We cantt let it get too big. We need it to be
comfortable to hold.

Money would definitely limit our designs. We
don't have unlimited money.

We can't use just any material we want; we
might not have access to some materials we
may want to use.

We need to use good, cushiony or tough
materials that protect phones when they
are hit.

So we want our device to have a good
shape to help meet the goal of protection
of our phones?

We would have to consider how it looks.
We would want people to want to buy it.

So you're saying that it needs to be
reusable or sturdy?

We think one limit to the design might be
size.

That's true. We would have to consider
what people would spend on this. Cost will
need to be on our constraints list.

So we have to be realistic about the type
of materials we have. We would have to
use easy-to-find materials.

So maybe we need to consider what
materials work best for protecting a phone
from contact forces?

So one constraint would be the appearance
of the device?

Say, It seems like we have identified some of the criteria and constraints a designer of a phone case should consider. But we all know phones aren't
the only objects that people might want to protect from damage. Let’s brainstorm some other possibilities. Is there anything other than a phone that
you would like to better protect?
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2 - CHART OTHER OBJECTS THAT NEED (BETTER) PROTECTION

6 min

MATERIALS: Objects that need (better) protection during a collision chart, markers

Project slide C. Explain that the word better is in parentheses because some objects
don't have protective devices. Other objects may already have protection devices, but
they may need to be improved. Instruct students to turn and talk about the following
questions.

¢ What are some objects that need (better) protection in a collision?
¢ What general ideas do you have to make it (better) protected from damage?

Make a record of better-protection design ideas. Project slide D. After about 4 minutes
of student turn and talk, bring the class together to share their ideas. Ask students what
objects they would want to protect or they think could be better protected. Display the
Objects that need (better) protection during a collision chart. Create a record of the
objects that need (better) protection in the left column of the chart. As students share,
list in the right column one thing that would make the object more protected. If students
suggest something that already has a protective device (such as a head in a helmet
during a sporting event), ask them what would make the object better protected or
make the existing protection device better.

Dbjec+3 %a+ r\(Jp(l ( b?’ “‘_0‘ \)
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3 - DETERMINE CRITERIA AND CONSTRAINTS OF INDIVIDUAL DESIGNS

MATERIALS: Protection Device Design Thinking, Objects that need (better) protection during a collision chart, Building A Better Phone Case chart

8 min

Say, We have a lot of objects that seem to need better protection, and we have a lot of ideas on how to make better protection devices.

Turn and talk about potential protection devices. Project slide E. Reference the Objects that need (better) Protection during a collision chart

and point out the number of items that the class believes need (better) protection.

Direct students to turn and talk with their partner about the following prompts on slide E:

¢ If you had to pick only one object that you interact with a lot that you would want to protect from damage, what would you pick,

and why?

¢ If we were to make a protection device for this object, what damage-reducing solutions could you come up with?

Pause students after roughly 2 minutes of partner sharing. Ask 2-3 students to share what object they would choose to protect and what

solutions they would come up with.

7
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Select an object to protect. Project slide F. Distribute Protection Device Design Thinking. Say, It sounds like you all have great ideas. Let’s
see if we can draft some of these ideas on paper and think about how we can better protect our objects.
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% SUPPORTING STUDENTS IN
ENGAGING IN ASKING QUESTIONS
AND DEFINING PROBLEMS

Defining the design problem and identifying
the goal or purpose of the design is central to
the design work. The clearly defined design
problem will help students better articulate
the criteria and constraints needed to
optimize the design and assess the
effectiveness of any modifications to the
device during the design process. The
identification of goals also helps guide
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Instruct students to write their name on the handout. Look at the first line with the students. Ask students to pick one object from the
Objects that need (better) protection during a collision chart or choose an object that they would personally like to protect. Have students
write this object down on the first line.

Look at the next part with students: “Define the purpose”. Ask students to consider what the overall purpose of a protective device would be
for an object. Give students time to write down the purpose of this protective device.%

Develop criteria and constraints for students’ chosen object. Say, As we work through developing a device that can better protect our objects, we
have to think about what would make this protection device function better than any existing designs. We have to think about what we would need to
do to meet the overall purpose of the design and any limits or additional considerations that stakeholders may want or need. Let’s use the next three
sections to help us determine our criteria and constraints.

Make connections to the Building A Better Phone Case chart. Read over the last three sections with students. Point out that this is
comparable to the ideas that we developed on our Building a Better Phone Case chart. Point out for students the "Criteria” and "Constraints”
rows on the chart. Some students may point out that the overall goals or criteria are similar, if not the same, to the protection device they are
wanting to design. If students make this observation, use this observation to navigate to the next section. If students do not make this
observation, ask students if there are any similarities between the two lists and allow students to give 2-3 goals or criteria that are similar or
the same.

ASSESSMENT Building towards: 11.A Define a problem that can be solved with the development of a protective device to

OPPORTUNITY by identifying and considering multiple criteria and constraints
along with specific materials, shapes, and designs of devices that reflect our science ideas of how certain
material properties function in a collision.

What to look for/listen for: On Protection Device Design Thinking students define the problem at the top of the
page. Look for students to identify that the purpose of the device is for protecting the object from damage in a
collision. Look for relevant criteria and constraints as students engage in the handout and listen for justification
of the type of material and the shape of the materials they propose to use in their designs.

What to do: If students are struggling with identifying the purpose of the device, refer them to the Building a
Better Phone Case chart. Ask students why they put a case on their phone and what that case is meant to do.
While identifying criteria and constraints, have students think about the common example of the phone case
once again. Criteria are directly related to the purpose. Ask students questions like these:

¢ What does this design need to have to serve the purpose of protection?

¢ What qualities would those designs have?

¢ What does the design need to do to serve its primary purpose?
For constraints, ask students to look back at the common example again for ideas. Ask questions like these:

¢ What are some things people would want out of this device that might affect how it functions?

¢ What else do we need to think about that the stakeholders want or need?

¢ Are there any restrictions due to the location where the object or design would be used?

¢ Are there any restrictions because of the way the object or design will be used?
As students consider different materials, refer them back to their previous work in Lessons 5-9 to help explain
how objects behave in a collision.

Compare the chart with student handout answers. As students are thinking about their object that they would like to protect, have them
compare their protection device with the Building a Better Phone Case chart.

Ask students these questions:

¢ Are there any criteria that would apply to your individual design AND to a better phone case?
e Are there any constraints that also apply to both devices?
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modifications to devices to better meet the

stakeholder needs and design
considerations.
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Have students consider the criteria and constraints that they will have to keep in mind while they are drafting their designs. Have students
record these ideas in the last three sections on their handouts.

Ask 2-3 students to share what object they would like to better protect and what their criteria and constraints would be. Allow students to
add to their lists as their classmates share their ideas for criteria and constraints.

4 - DRAFT DESIGN IDEAS

MATERIALS: Protection Device Design Thinking, Drafting Our Protection Device Design

10 min

Q/ Give students time to draft their initial designs. Project slide G. Pass out Drafting Our Protection Device Design to students. Point out
] that column 1is for an overview of their design. Students should draw what their design would look like, what materials they would
use, and what shapes would be used in various locations such as corners and sides. Encourage students to use their design thinking from

Protection Device Design Thinking to help them design a protective device. Point out that column 2 is space for a zoomed-in view of the main

building materials in their device and that students should show what they picture the material(s) that make up their device doing a split

second after something collided with it. Challenge students to really try to explain what the device is doing during the collision that enables it

to reduce the peak forces on the object it is protecting in a collision.

Give students time to draft their ideas.%

ASSESSMENT
OPPORTUNITY
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Building towards: 11.B Design a solution to a problem to reduce the damage to an object in a collision (by
reducing peak forces) by considering the properties of different, individual materials and shapes being used to
serve particular functions.

What to look for/listen for: Treat this as a pre-assessment of students’ understanding of new ideas that they
will develop in the last lesson set of the unit. The first idea is related to the microscopic structure of cushioning
materials. Many effective cushioning materials provide pockets or gaps of space or air between the layers of
materials for the cushioner to “give”. Look for this in the second column of the design drawing. The second idea
is related to how cushioners reduce peak forces in a collision. Look for students showing the protection device
deforming, based on the previous work in the unit. Students will likely not show the ideas listed below, as they
are ones that are new to the remainder of the unit:
¢ The amount of peak force is reduced because the cushioner applies a weaker force over a larger
distance in a collision, which has as much effect on reducing the kinetic energy of an object as a
stronger force over a shorter distance.
¢ These forces are transferred to both objects that the cushioner is in contact with (including the object
it is protecting).
¢ The shape of a cushioner can be designed to distribute that force over a greater surface area, thereby
reducing the amount of peak force occurring at a single location on the object being protected.

What to do: Drafting Our Protection Device Design will reveal any preconceptions about how students believe
forces on the protected object can be reduced by layering certain materials. Since these ideas will be introduced
in the remainder of the unit there is no need for remediation at this point. Make a copy of these explanatory
models at the end of day 2 and compare them with what students show in their individual model and
explanation at the end of Lesson Set 3. You may also want to have students analyze their growth by comparing
these artifacts related to the ideas listed above.
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% SUPPORTING STUDENTS IN
DEVELOPING AND USING
STRUCTURE AND FUNCTION

Drafting Our Protection Device Design provides
an opportunity to engage in both main
elements of structure and function. Column
1reflects student understanding of how
particular structures can be utilized to serve
certain purposes or functions based upon
the science ideas learned thus far in the unit.
Column 2 allows students to start thinking
about how the structures (shape, material,
and properties of these materials for the
designed device) are affected and change
over time as well as at a microscopic level
during the collision. Students are likely to
show the protection device deforming,
based on the previous work in the unit, but
may be less likely to show it transferring
force to the object they are protecting in the
collision.

Page 221



Circulate to clarify student thinking. As students are drafting ideas, circulate and ask students the following questions to clarify their thinking
and refine their decisions.
¢ What shape are you using for your structure?
What is special about that shape compared to other shapes?
Would another shape work better or worse to help protect your object from damage? Why (or how)?
What constraints did you identify? Do you think your device would meet those constraints? Do you have to consider sizing or type
of material?
What criteria did you identify? Can you explain on your handout how your device is able to meet that criteria?
How does your main shape and materials help meet your criteria?
What is special about that material that helps protect against damage?
How does that material react in a collision?
What other materials would function like that material? What made you choose this specific one?
How did you use those other ideas in your device design?
Can you show and explain what sets your device apart from the other devices?

5- RECEIVE FEEDBACK ON DESIGNS

11 min

MATERIALS: Drafting Our Protection Device Design, 1 timer

Introduce a design feedback task and provide feedback. Project slide H. Explain that in order to make a better protection device, it can't be
just what the designer of the device wants. It should meet the needs of many people who might want to use and buy it. Because of that, it is
important to get feedback from others. Tell students that you will set a timer for 4 minutes. One student will explain their design to a partner,
then their partner will have until the end of the 4 minutes to give feedback. When the 4-minute period has ended, the partners will shift
roles. In the second 4-minute period the second person will explain their design and their partner will give feedback.

Instruct students to look at the questions on the slide. Read the feedback questions with students. Tell students to answer these questions as
they give feedback to their partners.

¢ What do you like about the design?

¢ What changes would make it “better” at protecting the object?

¢ What other changes would you make for the device to be more appealing to stakeholders?

Allow students a total of 8 minutes to give and receive feedback with their partners, reminding students to shift roles after the first 4-minute
timer goes off.

ADDITIONAL
GUIDANCE

Questions are given for student feedback to help students focus on the protective qualities of the design while
also allowing students to serve as the potential voice of a stakeholder. Structuring student feedback around
focused questions helps students keep the feedback meaningful and connected to the overall science ideas of
designing with stakeholders in mind and developing a device that has the primary purpose of protection.

/A, Introduce home learning feedback task. Project slide I. Say, We have received a lot of feedback on our designs! Tonight for home learning,
see what your family and others think of your design. Take home your design tonight and revise it based on the feedback they give you.

Have students ask others to give them feedback on their designs and list any other considerations family or others might want students to
consider. Encourage students to write any feedback and considerations down in the margins or on the back of Drafting Our Protection Device
Design. Tell them to be ready to share their feedback and ideas in the next class meeting and that they will be doing a gallery walk with their
designs.%k

End of day 1
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% ATTENDING TO EQUITY

Universal Design for Learning: Engineering
design tasks are established with the
purpose of meeting the goals of the design.
The overall design of how the device meets
those goals is directly impacted by the needs
and considerations of the community
(stakeholders). Taking home the student-
created designs for additional feedback
allows students to get more-relevant
stakeholder input and engage with others in
their community to understand how designs
affect and are shaped by people involved.
Additional stakeholder feedback will also
contribute to the relevance and authenticity
of the task to design a protective device for
the object of the student’s choice.
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6 - HOME LEARNING FEEDBACK GALLERY WALK 13 min

MATERIALS: At least 3 3"x3” sticky notes for gallery walk feedback, Drafting Our Protection Device Design

Share home learning feedback. Project slide J. Have students get out their design ideas from the last class. Ask students to think about their
home learning. Have students turn to a partner and share the feedback they received. If students did not receive feedback on their designs,
have them consider their partner’s feedback for their design and make any modifications they think are needed.

Bring students back together and ask students to place a checkmark or a star next to any changes they have made due to feedback from
others.

Say, How many of you feel that feedback from others helped make your initial design for a protective device better? Raise your hand if you received
helpful feedback from someone else for your design.

As several students raise their hand, say, Great! It looks like we have gained some good ideas and feedback from others for our personal protective
devices. It seems like the more specific the feedback, the better our modifications are. Let’s take some time today and really focus on our feedback to
make sure our designs are meeting the goals we identified.

Introduce gallery walk questions. Project slide K. Tell students that in a moment we will have a gallery walk to give feedback on each other's
designs. Explain that good feedback is specific and actionable, meaning that the feedback can be used to make something better, so they
will be giving feedback over 3 important design questions. Go over feedback prompts with students.
¢ What changes would make it “better” at protecting the object?
¢ What other changes would you make about the way it looks, the material, or the shape that would make you (or others) more likely
to want to use it more?
¢ What parts do you think will function well?

Present feedback structure. Tell students that they should give feedback on 3 different designs and use all 3 prompts during their feedback
time. Students can give more than 3 pieces of feedback if they wish, but they should provide feedback on 3 different designs before coming
back around to give more feedback. If they come to a design that has 3 sticky notes on it, they should try to find another design that has
fewer than 3 sticky notes and leave feedback. No person can give more than one sticky note to a single design.

Provide time for a gallery walk. Arrange the design drafts for easy student access and viewing. Pass out at least 3 sticky notes to each

student. Provide 6 minutes for students to give feedback on designs. At the end of the 6 minutes, have students return to their seats with
their designs and read over their feedback.

7 - DEVELOP A SHARED CRITERIA AND CONSTRAINTS LIST 8 min

MATERIALS: Drafting Our Protection Device Design, partner feedback sticky notes, Building a Better Phone Case chart, Whole-class Criteria and Constraints chart, markers

Compare feedback. Project slide L. Instruct students to work with a partner to identify commonalities in their feedback. Students will use the
following prompts to guide their conversations.

¢ What do your feedback and designs seem to have in common?

¢ Do your designs have similar criteria and constraints? If so, what are they?

¢ Do you have any feedback that is not similar to your partner's feedback?

Lead a criteria and constraints whole-class discussion. Project slide M. Bring students together and have them consider the criteria and

constraints. Say, Do we have a shared goal for all of our devices? Students will identify that we all have the same shared goal of object
protection.
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Say, Interesting. | wonder if we were to look at our criteria and constraints if they would also be similar across all protection devices. Let’s see if we all
seem to have common needs, limits, and considerations.

Have students turn and talk about the following question:
¢ |f we were to make a criteria and constraints list that would work for all our designs, what would be on the list?

Record class criteria and constraints. Display the Whole-class Criteria and Constraints T-chart. Use the same prompt from above to engage
in a discussion about criteria and constraints that would be shared across designs. Start by pointing to the "Criteria” side first and asking
students if they have a criterion that everyone might have on their designs. Students can reference Protection Device Design Thinking or
Drafting Our Protection Device Design to look for criteria that others might also have listed or utilized. Repeat the same thing for constraints.
Listen for these ideas and document them on the chart paper:

Criteria
¢ shapes that help to minimize damage (or prevent it completely)
¢ material(s) that helps to minimize damage (or prevent it completely)

Constraints

e time to build device
e money to build device
e availability of materials
* size
e limits to what we can actually construct as students
¢ looks good
e easytouse
¢ |ow cost to make
¢ good for the environment
e can be used more than once (reusable)
ADDITIONAL At a minimum, make sure that the ideas of shape, material, cost, availability of materials, and reusability are
GUIDANCE represented on the criteria and constraints consensus chart. The criteria of material type and shape will be
revisited in Lessons 12-14. Cost, availability of materials, and reusability will be used by some students,
depending on primary, secondary, and tertiary criteria feedback and use in Lessons 13-15. It is OK if more
constraints present themselves during this list compilation, but the focus should be put on the ideas of material,
shape, cost, reusability, and availability of materials as they are emphasized to drive future learning.
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If multiple students feel an idea is important, place a star next to the idea or place tallies
next to the idea to represent the number of students with that idea.

Whole closs criterio

d constraints!
Discuss commonalities in charts. Instruct students to look at the Building a Better Phone Qo

Case chart and compare it to the Whole-class Criteria and Constraints chart that was just e SJY o ts
created. Ask students to share the similarities and differences of the charts. The criteria and ;_(,"f{t,‘ St Jﬂ s o
purpose should be the same, and the constraints will have expanded sections on the new | Needs Y look nice Wi
chart. Reiterate to students that the criteria are based upon the overall goals or purpose of U3€ Saga SW?B fos fBrcablem!
the design, so it makes sense that the criteria are the same for all the different devices since Hos 16 B by
they are serving the same purpose for a variety of objects. USQ ma}ala‘S +M I Coz\ 'onllj use mateials

o howe already ™
Say, We have a great list of criteria and constraints that we all agree would be helpful in designing inize (}17, ”I\ Ve e ol 9

our devices. But, this has me thinking about a lot of questions related to how we will design the 1 | (i ont be,%b b g0
best device we can to limit damage. What new questions does this raise for you about the t smalk (siz2)
materials, design, structure, and function of these devices? Let’s write our questions down with EOS oue M
possible ways to investigate them. i ol
e - | Quick lf°b‘“u
+,{h} maﬂ ﬂ//ﬁ]b” / [ ',{eusable ]
dxw ot \
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8 - DEVELOP QUESTIONS AND IDEAS FOR INVESTIGATIONS 20 min

MATERIALS: 3 more 3"x3" sticky notes, Protection Device Design Thinking, Drafting Our Protection Device Design, partner feedback sticky notes, Objects that need (better) protection during a

collision chart, Building a Better Phone Case chart, Whole-class Criteria and Constraints chart, chart paper, markers

Document questions and ideas for investigation. Project slide N. Arrange students in a Scientists Circle around a piece of chart paper. Pass
out sticky notes to students. Ask students to look back at the class-created charts, their handouts, others’ designs, and any feedback they
received from others. Have students consider what questions they now have about the materials, design, structure, and function of the
protection devices. Students will record on sticky notes at least 2 questions about materials, design, structure or function and record on at
least 1 sticky note an idea for investigation. While students are recording their questions and ideas for investigation, set up a new T-chart on
chart paper with the left side titled “What we need to figure out” and the right side “How we can investigate this’

Share questions and ideas for investigation. Project slide O. Review with students the expectations for sharing questions and ideas for
investigation.
¢ One by one, we will go around and share one question and one idea for investigation.
¢ As the first person reads a question and an idea for investigation, give a thumbs up if you wrote down the same question or the
same idea for investigation.
¢ The person reading the question and the idea will collect the sticky notes with the same question and the same idea for
investigation from people with their thumbs up and will layer them on top of each other.
¢ The reader will then post them on our T-chart in the appropriate column.
o After this, the next person in the circle will read a question and an idea for investigation until all relevant questions and ideas are on
the board.

Go around the circle and let students each read one question and one idea for investigation. Continue this until all questions and ideas are
presented on the T-chart.

openscied.org Unit 8.1 Lesson 11+ 10/1/25 Page 225



9 - NAVIGATION

MATERIALS: None

4 min

Motivate the need for material testing. Say, We have a lot of questions and ideas for investigations, and a lot of them seem to deal with our

shared list of criteria and constraints.

Project slide P. Ask students to turn and talk about the following question:
e If we are going to design a protection device, what is something that we all need to investigate to help us build a better device?

Elicit student responses. Use the prompts and responses below to guide navigation to the next lesson. It is OK if this discussion is continued

at the beginning of Lesson 12 if time is short.

Suggested prompt

Sample student response

If we are going to design a protection device, what is something that
we all need to investigate to build a better device?

So maybe we need to start with criteria to figure out how to protect our
objects. What actually does the protecting of the object? What criteria
do we need to figure out more about first?

But how will we know what the best materials are to use? What would
make one material better than another?

OK. But if we test the different materials, how will we know that one
material is better at preventing or reducing the damage done on
something it is protecting in a collision?

How could (or why would) measuring peak forces produced by
different materials in a collision help us figure out which ones are more
effective at preventing or reducing damage in a collision?

Maybe look at criteria and constraints.

Maybe the materials?

The materials would have to protect better than another material.
It would do a better job protecting the object.

Wed have to see which one produced less peak force on an object
we're trying to protect.

The materials that produce less peak force in a collision should be
more effective at preventing or reducing damage in a collision.

Say, As you leave class, start thinking about what weve done in the past and the equipment that weve used that we can repurpose to test different
materials in a collision to see how they affect the peak forces in a collision. Getting some results for that next time will help us make informed
decisions about one important criteria for determining which material types would work better for our designs.

If desired, collect Drafting Our Protection Device Design as a pre-assessment of ideas developed in Lessons 12-15. Make copies of the handout
and use the copies to compare to the student's individual models at the end of this lesson set. Return Drafting Our Protection Device Design to

students at the beginning of Lesson 12.
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LESSON 12: What materials best reduce the peak forces in a collision?

PREVIOUS LESSON  We revisited our anchor and discovered that some phones were in cases when they were damaged. We developed new phone case criteria and constraints and

THIS LESSON
INVESTIGATION

2 days

NEXT LESSON

BUILDING TOWARD NGSS

MS-PS2-1, MS-PS2-2, MS-PS3-1,
MS-ETS1-2, MS-ETSI1-3, MS-LS1-8

S
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designed a protection device for something new. We received design feedback and developed an encompassing set of criteria and constraints.

We conduct an investigation to determine what easily accessible materials reduce peak force in a collision. We
compare the structure of the materials and find similarities in their compositions that might affect their function.
We also determine that the peak force is reduced equally on both objects, regardless of size. We try to develop a
model to explain how the structures of the materials function in a collision that helps to reduce peak forces on
the objects we want to protect.

We will develop a model to represent how the structures of materials compare in the top four performers for peak force reduction. We will use scaled-up versions
of these structures to generate data using slow-motion video about the unobservable mechanisms at work in the system. We will carry out an investigation to
determine how the amount of force applied to different points of a cushioning structure is affected by the shape of that structure.

WHAT STUDENTS WILL DO

12.A Analyze data to determine which materials reduce peak force in a collision and analyze the similarities (visual patterns across materials) in the
properties of those materials (macroscopic deformability).

12.B Develop a model to explain how the changes in the structures of cushioning materials contribute to their function (a reduction in peak forces)
at a microscopic level during a collision.

WHAT STUDENTS WILL FIGURE OUT

e Materials that reduce peak force have similar structures, such as air pockets or space for air, and the ability to deform when a contact force is
applied; these materials reduce the peak force equally on both objects involved in the collision.
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Lesson 12 - Learning Plan Snapshot

1

4 min

10 min

12 min

18 min

NAVIGATION
Review the previous lesson and determine the basic materials testing
setup.

INTRODUCE MATERIALS AND MAKE PREDICTIONS

Create a chart of potential protective materials in science notebooks and
predict the effect of different materials on peak forces. Share ideas by
taking a class poll.

DETERMINE BASELINE PEAK FORCE AND DELEGATE TESTING OF
MATERIALS

Demonstrate the setup for measuring peak force reduction and take a
baseline without any potential reduction materials in the system.

CONDUCT MATERIALS TESTING

I e -
A-B

G-l

Material Charts (optional), 1set of each of the prepared test materials,
cotton balls, balsa wood, foam earplugs, styrofoam, cardboard, metal,
CD case, large bubble wrap, small bubble wrap, fabric

Materials Testing Lab

Materials Testing Lab
End of day 1

6 min @

4 min

8 min

8 min

14 min

COMPARE CLASS DATA
Compare class data for various materials and make initial claims about
materials.

REVIEW DATA AS A CLASS
Look at materials data as a class and determine which materials reduced
peak forces best.

COMPARE FORCES ON BOTH OBJECTS WITH PROTECTIVE MATERIALS
Use different spring scales with and without force-reducing materials to
determine that the peak forces on each object are equal with and without
protective material.

COMPARE MATERIALS AND EXPLAIN MATERIAL STRUCTURE
Look at different peak-force-reducing materials and compare their
structures. Develop an initial explanation of how the materials help to
reduce peak force when a contact force is applied.

CONSTRUCT INDIVIDUAL MATERIAL EXPLANATIONS

Use bubble wrap and cotton balls to develop an explanation of how the
properties of the protective materials behave to reduce the amount of
peak force when a contact force is applied.

L-M

Up Close Images, Force Reduction Chart

15-N spring scale, 110-N spring scale, 1 force-reducing material from
Materials Testing Lab

How do we sense different textures? (optional), Up Close Images

11"-square piece of small bubble wrap, 1 cotton ball, How can materials
reduce peak force on the objects they protect?

End of day 2
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Lesson 12 - Materials List

I S ™ S B S

Materials o safety goggles e 2 5-N spring scales attached to 2 carts with hook and loop ¢ Force Reduction Chart
Testing Lab fasteners with a twist tie force collar on one spring scale e digital scale
materials plunger e 2 5-N spring scales attached to 2 carts with hook and loop
e 2electrical plates fasteners with a twist tie force collar on one spring scale
¢ 1vinyl flooring strip plunger
¢ textbooks or binders to lift track 8"-12" e 2 electrical plates
e 2 of the same test material (type of material will vary per e 1vinyl flooring strip
group) ¢ textbooks or binders to lift track 8"-12"
¢ 1aluminum track ¢ 2 of the same test material
e 1brick ¢ 1aluminum track
e 2 pieces of sticky tack e 1brick
¢ 1container of clay ¢ 2 pieces of sticky tack
¢ 1ruler or measuring tape ¢ 1container of clay
e transparent tape e 1ruler or measuring tape
e 1strip of duct tape e transparent tape
¢ Cushioning Materials Testing Procedures e markers
Lesson ¢ science notebook ¢ 15-N spring scale ¢ 1set of each of the prepared test materials
materials e Material Charts (optional) e 110-N spring scale e cotton balls
e Up Close Images ¢ 1force-reducing material from Materials Testing Lab ¢ balsa wood
¢ How do we sense different ¢ Up Close Images o foam earplugs
textures? (optional) ¢ styrofoam
e 11"-square piece of small ¢ cardboard
bubble wrap e metal
¢ 1cotton ball e CDcase
¢ How can materials reduce e large bubble wrap
peak force on the objects they ¢ small bubble wrap
protect? e fabric
¢ Force Reduction Chart

Materials preparation (25 minutes)

Review teacher guide, slides, and teacher references or keys (if applicable).
Make copies of handouts and ensure sufficient copies of student references, readings, and procedures are available.

Day 1
¢ Consider printing a chart for each student from Material Charts. Cut into individual charts for student use. Students can also draw this chart in their notebooks. Students with writing
difficulties or accommodations could benefit from a copy, which would reduce the amount of writing.
¢ At the end of the day, collect and reserve the test materials to have on hand for day 2.
Day 2
e Cutasmall piece of small bubble wrap (roughly 17 x 1) for every student.
¢ Decide if students will be allowed to pop the piece of bubble wrap after completion of their model.
¢ If students are allowed to pop the bubble wrap, cut enough wrap for every student in every class.
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¢ Make a plan for collecting bubble wrap (used or unused) after the activity. Depending on the material, some types of bubble wrap can be recycled. Check for the recycling
symbol on the bubble wrap packaging.
Have large cotton balls available for all students (one per student).
¢ Make a plan for collecting cotton balls after the activity.
Have all spring scales available for partner pair use.
Have available the reserved testing materials (1 material per partner pair).
Make enough copies of How can materials reduce peak force on the objects they protect? for all students.

Day 1: Materials Testing Lab

¢ Group size: 3-4 students

Setup

openscied.org

Determine a way to allocate different testing materials to student groups. Some ways include pulling sticks, counting off 1 through
10, and drawing a number out of a bucket.

Create the Force Reduction Chart.

Watch video https://youtu.be/3HZgumZXbKO to set up a teacher demonstration station.

Set up collision carts demonstration (see Setup for Collision Carts Demonstration for images of these steps):

Add textbooks or binders to elevate one end of the flooring strip 8"-12" to create a ramp.

Angle the lower end of the vinyl flooring strip into the brick.

Place the metal track on the vinyl flooring strip and with its lower end against the brick.

Place the push-pull spring scales on the carts using the hook and loop fasteners.

Mount a plastic, blank electrical plate on the end of the rod on each of the 2 push-pull spring scales using sticky tack.
Make sure that the two electrical plates touch flush when the carts are pushed together.

Using duct tape, tape down one cart at the bottom of the ramp about 4 inches away from the brick with its plate facing

up the ramp.

Prepare materials for student use.
¢ Gather testing materials for each class:

8 large cotton balls

2 balsa wood slices

8 foam earplugs

2 4" x 2.5” pieces of Styrofoam

2 4" x 2.5" pieces of cardboard

2 quarters or other flat pieces of metal objects such as washers

A single piece of the flat plastic from a CD case (cover preferably)
2 4" x 2.5" pieces of large bubble wrap

2 4" x 2.5” pieces of small bubble wrap

2 4" x 2.5" pieces of terry cloth fabric
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e Larger testing materials listed above (bubble wrap, balsa wood, cardboard, CD case pieces, fabric, Styrofoam) should be cut to a size that allows for the materials to
easily fit onto the front of the electrical plates (roughly 4” x 2.5”). If the balsa wood comes in a smaller size, it will still function correctly as long as the wood is lined
up well with the opposite piece of balsa wood on the opposing electrical plate.

¢ The CD case will need to be taken apart. It may be easier for students to use the CD case front on one electrical plate and the CD case back on the opposing
electrical plate. This is fine as long as the plate does not drag on the aluminum track.

¢ Prepare student lab stations per group:

¢ Print 1 copy of Cushioning Materials Testing Procedures per group. A color copy can also be found in the Student Procedures.

¢ Provide the following materials for every student station.

8" of transparent tape

112" strip of duct tape

2 blank electrical plates

2 pieces of sticky tack (can already be attached to plungers)
1 piece of vinyl flooring
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¢ Notes for during the lab

¢ Safety

e Storage
L]
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textbooks or binders to elevate ramp (Keep the height consistent across groups to help account for drop angle.)

1 piece of aluminum track

2 5-N spring scales attached to 2 carts with hook and loop fasteners with a twist tie force collar on one spring scal€’s plunger
1 container of clay

test materials

While students are engaging in the lab, circulate to make sure the twist tie force collar is getting reset in between each trial.
Check that students are consistently measuring the force from the same side of the twist tie force collar (front or back).
Make sure that students are pulling back the moving cart to the same spot consistently each trial.

Wear safety goggles or glasses during the setup, hands-on, and take-down segments of the activity.
Carts can fall off the tables if a brick is not placed at the end of the track. Make sure each station has a brick at the end of the track.

Bricks are heavy and can cause injury when dropped on body parts. Make sure all bricks are away from edges of tables or areas where there is a drop risk.

Make sure all fragile items are removed from the test area.
Secure loose clothing, remove loose jewelry, wear closed-toe shoes, and tie back long hair.
Immediately pick up any items dropped on the floor so they do not become a slip or fall hazard.

All materials from this lab can be stored and reused indefinitely.
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Lesson 12 - Where We Are Going and NOT Going
Where We Are Going

Students will compare the data gathered from the testing of multiple materials to analyze similarities and differences in the peak force reduction of different materials. Students will compare
the microscopic structures of those materials to determine what properties of the materials might contribute to peak force reduction when a contact force is applied.

Where We Are NOT Going

While students may be identifying or be assessed on similar properties of force-reducing materials, students will not be altering their designs with new findings until a later lesson. Students will
also not be making a conclusion that one protective material is definitively better than another. In the next lesson students will be weighing other criteria and constraints against the materials
to learn that each material has a trade-off. Students will not be coming to consensus about the molecular-level interactions that lead to a greater force reduction in this lesson. The data
collection will be limited to forces parallel to the surface of the track. This is treated as a set of horizontal interactions between the push-pull spring scales and cushioning material, even though
the track is slightly tilted. The vertical forces in the system (e.g., gravity) and forces perpendicular to the track surface (e.g., normal forces) will not be discussed.
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LEARNING PLAN for LESSON 12

1- NAVIGATION

MATERIALS: None

4 min

Recall criteria for our protective device from the previous lesson. Project slide A. Say, Let’s look back at our criteria list from last time. We know
that in order to have an effective protection device design we need to meet our criteria. One criterion we identified was using materials that will

protect our object. What does that mean?

Suggested prompt

Sample student response

What does it mean to use good materials that are protective? What
would those materials do?

How do you think those materials function?

How do we think those materials help reduce peak force in a collision?

It means the materials reduce peak force on the object in the
design.

The materials are designed to protect objects.

Maybe the materials move more before they reach their elastic
limit.

The materials might squish.

The materials might absorb some of the energy being transferred
to or through it.

Maybe they give or deform more easily.

Say, It sounds like we have some varied ideas on what exactly it means to have a protective material and what that material does to help reduce the
peak forces in a collision. We need to figure out which materials would best fit the goal of protection for our objects. Turn and talk with a partner
about other things we have done to measure peak force that we might be able to reuse today.

Share protective material ideas. Project slide B. Give students a moment to turn and talk. Once students have had a chance to talk with a
partner, bring the class together and have students share their ideas. Example prompts and responses are below.

Suggested prompt

Sample student response

How have we measured peak force in the past that we could reuse or
repurpose for our investigation today?

How can we use that to test different materials' peak force on objects
in a collision?

openscied.org

We had a lesson where we used peak force collars on spring
scales to see the amount of peak force in a collision.

Wed have to use the same setup and add the materials to it.
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Suggested prompt Sample student response

So if we add our protective materials in front of the object we are Yeah.
protecting and then collide a moving object into it, we could see if the
peak forces were reduced?

Great! It sounds like we have a general plan to test our materials.

ADDITIONAL If students have trouble coming up with the idea of using the peak force collar on a spring scale, direct students

GUIDANCE to look back in their Progress Trackers for a time when we were learning about peak force. Ask them what
investigation was done to learn about peak force and what materials were used. Guide students to the idea of
using the same setup that was used in a previous test, but adding in the potential protective materials that we
want to use in the collision-cart interaction.

2 - INTRODUCE MATERIALS AND MAKE PREDICTIONS 10 min

MATERIALS: science notebook, Material Charts (optional), 1 set of each of the prepared test materials, cotton balls, balsa wood, foam earplugs, styrofoam, cardboard, metal, CD case, large

bubble wrap, small bubble wrap, fabric

Tell students that after looking at their designs from the gallery walk in the last class and seeing the materials they used, you were able to find 3 ATTENDING TO EQUITY
certain comparable materials around the classroom for them to test.
Universal Design for Learning: Material

Make protective material predictions. Project slide C. Show students each material. Either pass out to each student a copy of the materials Charts is provided as a scaffold to save time
chart from Material Charts or have students create in their notebooks the chart from slide C.% Ask students to make predictions about which  from students having to copy the chart from
materials will better reduce peak forces in a collision. Students will add the following markings in the second column on their charts to the slide. In addition, it can be used as a
indicate their predictions: support for students who struggle with

¢ +if the material will increase peak forces during a collision copying from a slide into their notebook with

e - if the material will reduce peak forces during a collision enough room to record data to be able to

* =if the peak forces will remain the same during a collision engage with the activity.

Ask students to look at the materials for which they marked a minus. Have students circle a material with a minus that they think will do the
best job of reducing peak forces in a collision.

Share ideas with a partner. Project slide D. Once students have had a chance to make predictions about materials, have them turn and talk
with a partner about their predictions. Have students use the following questions to guide their partner discussion:

¢ What material do you think will reduce peak force the most? Why?

¢ What material(s) do you think will perform the worst? Why?

Take a class poll over materials ideas. Project slide E. Bring students together and have them share their ideas on the best and worst
performers by taking a class poll for each. For the first poll, read out loud each material listed in the chart, pausing after every one. Have
students raise their hand if they think the material will be the best performer. If any material has several hands raised, ask students why they
think that the material would be the best at reducing peak forces. Continue the process of reading the materials, taking a poll, and asking
students their reasoning until all materials have been read.

Take a second poll, Ask students which materials would do the worst at reducing peak forces. Explain to students that this could mean that

they are reducing the forces very little or not at all or even increasing the forces. Read through the list of potential protective materials again,
pausing after each one to take a poll, and, for materials that have several hands raised, asking students why they think that particular material
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would do the worst at reducing peak forces. Accept all answers. Keep going until all materials on the list are read.

ADDITIONAL Universal Design for Learning: Taking a poll allows for students to engage in presenting their ideas in a low-risk

GUIDANCE manner. Students can share their ideas without being pressed to go public individually and/or to explain their
predictions without specific evidence to cite. By asking the entire group about the identification of certain
materials falling into the categories of being best or worst performers, not just the students who have their
hand raised, students feel less pressured to make a prediction about a material as their classmates can chime in

and give their perspective on the polling choice.

Say, Interesting. It seems that we have different ideas on which materials would be best to use in our designs and even which materials we would
want to avoid for protective purposes in our designs. We also have some ideas about why those materials might work or not work, but we aren't sure.
Welll need to collect some data to see which of our predictions are supported and which are refuted by the evidence.

3 - DETERMINE BASELINE PEAK FORCE AND DELEGATE TESTING OF MATERIALS

12 min

MATERIALS: Materials Testing Lab

Determine materials lab setup. Project slide F. Show students the basic setup at the demonstration table. Draw attention to the peak force

collar that was used in Lesson 5. Ask students the following prompts:
¢ We want to see if our materials reduce the peak force in a collision.

e Where would we have to place the material so that we could see if it reduces the peak forces on our colliding objects?

e How can we secure the test materials in place when we are running our tests?

Discuss the two questions as a whole group. Students should determine that the potential protective material should be placed in the middle

of the collision, in between the two objects that are colliding.

Arrange students around the demonstration table. Explain to students that some materials will not fit
onto the plungers, so we will be adding an electrical plate to the front of each cart using sticky tack.
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% SUPPORTING STUDENTS IN
ENGAGING IN PLANNING AND
CARRYING OUT INVESTIGATIONS

In the next step, students will receive
Cushioning Materials Testing Procedures. While
students are checking their data for variances
after their materials testing, they may find
that there are variances larger than the
allowable amount and that do not meet the
goals of the investigation. From this point,
students will have to assess what potential
revisions were imparted on the experimental
design for the variance in data and then
revise their data collection method to better
align with the class data collection protocol
for this lab.

% ATTENDING TO EQUITY

Universal Design for Learning: Some
students may be able to physically
manipulate materials better than others due
to motor skill differences. When assigning
materials, it may be helpful to keep in mind
the effort it takes to attach the materials to
the carts. It also might be helpful to have
ready-made tape loops for students to use.
If something other than transparent tape is
used, make sure that it is very lightweight so
that the mass is not affected from cart to
cart.
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Easy-to-attach items
e cotton cloth
¢ balsa wood
e cardboard
¢ small bubble wrap

Show students how to tape the potential protective material on the electrical plates by creating a
tape circle with the sticky side facing outward.

Harder-to-attach items
 cotton balls
e earplugs
¢ metal
e Plastic piece from CD case
¢ Large bubble wrap

Attach a material to the front of both electrical plates and show how they line up when the two carts
come into contact. Explain that as long as the materials are in the middle of the collision, it should

give the data we need.

Explain material setup.

Remove the protective material from the front of the electrical plates. Demonstrate for students how
to set up the spring scale setup (see video in the Lab Preparation section), making sure to point out
again how to adjust the electrical plates so they are flush with each other at contact. By removing the
padding at this moment, students can see how well the blank electrical plates line up without the
visual interference of the protective materials.
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Review force collar use.

Review that this force collar setup will allow us to observe the peak amount of force on our carts
during the collisions. Using duct tape, secure the nonmoving cart 4 inches away from the brick.

Draw attention to the force collar. Show students that the force collar is on the “O” mark on the
nonmoving cart.

Place the moving cart at the top of the ramp. Release the moving cart towards the nonmoving cart.
After the collision, observe where the force collar rests on the nonmoving cart. Point out to students
the new location of the force collar and review how to read the measurement consistently at the back
of the twist tie. Remind students that each mark represents 1/10 of a newton.

ADDITIONAL Students may ask why we are using the ramps rather than the spring-scale launchers for this investigation. If
GUIDANCE they do, you can say the spring-scale launchers provide a way to ensure that we are doubling the speed of a
cart launch by pulling back the plunger twice as far, but they tend to have more variability in their results
because of how hard it is to make sure we are pulling back the plunger to exactly the same point on the plunger
in repeated trials. But the ramp is easier to ensure that we pull the cart back to the same point on the ramp each
time, though it is less useful for doing experiments where we want to double the speed of the launch, which is

not the goal of this investigation.

Create the need for multiple trials. Now that students have had a chance to view the setup, say, Let’s do this demonstration one more time to
make sure we know how it works.
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Intentionally lift the cart to a slightly different height on the track and release the cart. Have a student read where the force collar rests. Point
out that it is at a slightly different spot.

Ask students:
o Will we always get the exact same results?

Students should respond that it depends on the trial and that small differences can occur. Ask students what we can do to account for these
small differences. Elicit the idea that we can take an average of the data to account for small differences in how we release the cart and other
variables that are hard to control.

Controlling for other factors. Explain that we will also have to keep track of the mass of our carts. As we figured out in Lesson 5, the mass
affects the amount of kinetic energy an object has, which in turn affects the peak force. Because of this we will use a digital scale to make
sure all carts weigh exactly 200 g. Show students how to add clay to the cart cavities on top to adjust the weight of the cart to 200 g.

Run the demonstration at least 2 more times to demonstrate to students how to check for semi-consistent results. Explain to students to
look at their data once they are finished. If there is a larger variance than +/- 0.2 N from the mode of their measurement, check that the collar
isn't loose and rerun that trial.%k

Introduce Force Reduction Chart. Post the Force Reduction Chart in an easily accessible part of the room for students. Explain to students
that they will be splitting up to test different materials listed on the chart. These materials are readily available, and while they may not
reflect all materials they are wanting to use in their design, the materials we have to test have very similar features.

Assign groups and distribute test materials. Divide the class up into groups to test the materials. Label the materials 1-10. Randomly assign
the materials to groups using the method determined in the Lab Preparation section of the Teacher Guide, such as choosing sticks, counting
off by 10, and so forth. Have a student from each group collect the testing materials for their group. Explain that they will not be given extra
materials, so they should use the materials carefully. Bubble wrap and other materials should not be popped or destroyed.

4 - CONDUCT MATERIALS TESTING

18 min

MATERIALS: Materials Testing Lab

Calibrate group devices. Project slide G. Direct students to set up the spring scale, cart, track, flooring strip, books, and brick in the same
arrangement as the teacher demonstration setup. Distribute a piece of duct tape to every group for students to secure the nonmoving cart.
Instruct students to follow the directions on the slide to calibrate their spring scales. Explain that it is important to calibrate the spring scales
first so we can accurately compare the potential force reduction data from our materials testing.

¢ Check your spring scales. Do they show O newtons when held horizontally?

¢ Pushin and out on the spring scale rod a couple of times and make sure that it rests at O newtons.

e [fitis not at O, use the white screw on the end to adjust the scale. Once you have it set, push in on the rod and let go to check that

it rests at O newtons.

Distribute testing procedures. Project slide H. Distribute Cushioning Materials Testing Procedures to students. Read through the directions with
students and have them highlight or star the places where they will stop and record their data. Point out the differences between the two
data tables and explain how to use the subtraction table located in the final section to help students find the difference in peak forces during
the collisions.

Conduct materials tests. Display slide I. Once it has been verified that all the devices are calibrated, have students run 6 tests without the
protective material in the system and record the data for each trial on their handout. Students will need to establish a baseline, or control, for
their readings to determine if the protective materials actually reduce peak force on their objects.% Explain that there are variables that we
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% SUPPORTING STUDENTS IN
ENGAGING IN PLANNING AND
CARRYING OUT INVESTIGATIONS

Over the course of the units in OpenSciEd,
students develop their skill of planning and
carrying out investigations. Here, the idea of
establishing a baseline as a control condition
is discussed with students. The data from
each trial or setup might be slightly different
based upon slight, uncontrollable changes to
the cart, positioning, and so forth, but the
overall change to the peak forces in the
system can be compared from one
protective material to the next. While we
cannot control for everything in the system,
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cannot control for in the way we set up our work stations (e.g., some wheels may be slicker than others, some peak force collars may be the peak force comparisons of the control to

slightly tighter than others), but by comparing the peak forces of the control and the experimental trials at each station, we will get a better the experimental trials will allow for better
picture of the overall peak force reduction potential of the materials. comparison of all the protective materials.
Remind students to use tape, not sticky tack, during the second part of the investigation to add their material on the carts’ electrical plates. %k SUPPORTING STUDENTS IN

Make sure students keep the test materials in line with the plunger as much as possible. Students will run each test 6 times, then average ENGAGING IN PLANNING AND
e CARRYING OUT INVESTIGATIONS

Testing specific materials leads to an
understanding of which types of materials
help to reduce peak forces in a collision. The
testing of materials provides evidence that
will serve to better refine design solutions.
By understanding which materials work
better to reduce peak forces, students can
make an informed decision to modify
devices to better meet their criteria and
constraints, which will be built upon in
Lesson 14.
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ADDITIONAL During this investigation students work in small groups to run and record data for multiple trials and calculate

GUIDANCE the averages in the data for a control condition and for an experimental condition with one cushioner on
Cushioning Materials Testing Procedures. Students use these data to determine the average amount of force
reduction in their cushioner. As students are working, circulate and assist students. Make sure students are

e recording multiple trials,

¢ calculating averages for both the control and the experimental condition, and
¢ calculating the difference between the control and the experimental conditions.

If the data seem skewed, have students look back at the raw trial data from the lab. If students find more than
0.2 N variance from the mode of their measurement, they should be encouraged to check that the collar isn't

loose and re-run that trial.

After data collection is completed, students will then find the difference between the control peak

force average and their materials test peak force average and add it to the class chart. These data will ? e Reduchion Chart
be reviewed individually and as a class during the next class period and should be checked as students ©
are recording their data. Once students are finished adding their data to the class chart, have students Maferiod Aourt force wos

dismantle their lab setup, put away materials, and return the protective materials for use in the next
class period. Here is an example of a completed class chart.
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In the next class period, students will look for consensus on identifying the top 3 to 5 materials that seemed to
work best to reduce peak force.

These materials should include
¢ one or both types of bubble wrap
e foam earplugs
e Styrofoam
e cotton balls

If at least three of the top performers listed above don't appear in a class set of data at the end of day 1, have

that class compare their data to another class's data at the start of day 2. Emphasize that more data can make
us more certain and have students look for patterns across class data sets (e.g., which materials are in the top

five performers in the most classes).

End of day 1
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5 COMPARE CLASS DATA 6 min

MATERIALS: science notebook

@ Individually reflect on results. Display slide J. Have students look back at the data collection table from last time. Instruct students to
reflect on the data and answer the following questions in their notebooks:

¢ What materials seemed to do the best at reducing peak force on the nonmoving object?

¢ What patterns in material structure do you see in these “top performers”?

¢ Think about the materials. What special features or properties of the material’s structure would make it function better than a
worse-performing material?
How do you think the structures of the materials behave in a collision that would reduce the peak forces on the objects?

¢ Was the peak force reduced on both objects or just on the nonmoving object?

ADDITIONAL The second and third questions on slide ] are presented to get students thinking about the function of those
GUIDANCE structural patterns they are observing. Students will come back to these ideas after investigating potential force
differences in a collision with a protective material.

ASSESSMENT Building towards: 12.A Analyze data to determine which materials reduce peak force in a collision and analyze
OPPORTUNITY the similarities (visual patterns across materials) in the properties of those materials (macroscopic
deformability).

What to look for/listen for
¢ As students are individually reflecting on data, they should write about the patterns they see across
multiple structures that were top performers. Students should identify that the better performers
have space and/or air gaps in them and the ability to deform more than other materials that did not
perform as well.

What to do

¢ If students do not identify similarities in better-performing materials, encourage students to go check
out all 10 materials to feel and see if there are similarities in the behavior and structure of the
materials.

¢ Have students describe the structure of 2 different materials that performed well and have them look
for patterns in the structures of those materials.

¢ Have students apply a force (e.g., with their fingers or a spring scale) to each of the materials and
describe what seems similar between the materials that were better performers.

6 - REVIEW DATA AS A CLASS 4min

MATERIALS: Up Close Images, Force Reduction Chart

Review materials data to determine which reduced peak forces best. Display slide K. Ask students to turn and talk about the questions on
the slide. After 2 minutes, bring the class back together and discuss the questions as a whole class.

¢ What materials were our “top performers” that seemed to work best to reduce peak force on the nonmoving object?

¢ What patterns in material structure did you see in the “top performers”?

¢ Did the material reduce the peak force on both objects or just on the nonmoving object?
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Have students share out their ideas. Sample student responses are below.

Suggested prompt Sample student response

What materials were our “top performers” that seemed to work best to | The cotton balls, bubble wrap, Styrofoam, and foam earplugs did
reduce peak force on the nonmoving object? the best. (This may vary by class.)

What patterns in material structure did you see in the “top Some of them had air gaps.

performers”?
Some materials seemed to be able to bend more.

Did the material reduce the peak force on both objects or just on the We saw the reading on the scale on the nonmoving cart change
nonmoving object? with the material attached, but the moving cart did not have a
collar so we did not measure the peak force on it.

The collar still seemed to move, but it moved less than the trials
without the test materials.

Say, Interesting, we didn't collect data on the other cart, so we can't be sure that it reduced peak forces on both carts in the collision.

Ask students the following question: What do you think would happen to the peak forces on both objects if one cart had more kinetic energy than
another cart before the collision, either by an increase in weight or increase in speed?

Allow students to respond to the question. Students may bring up the following ideas:
¢ In Lesson 5 we figured out that the peak forces should be the same, but we are not sure if that is still the case when there is some
type of material in between them.
¢ Maybe the padded material just protects the nonmoving object more.

Draw attention to the idea that we know from Lesson 5 that the objects involved in a collision both push on each other equally, but when we

add a material in between we can't be sure that the force isn't reduced by the material, causing one side to experience more peak force than
the other. We also had the carts calibrated to be the same mass as we conducted our investigation on day 1.

7 - COMPARE FORCES ON BOTH OBJECTS WITH PROTECTIVE MATERIALS 8 min

MATERIALS: 15-N spring scale, 110-N spring scale, 1 force-reducing material from Materials Testing Lab

Say, I think I have a way we can figure this out. Let’s see if we add a material in between two spring scales to see if the forces are reduced on one
object or both objects equally.

Compare spring scales of different measurements. Project slide L. Pass out 1 5-n spring scale and 110-n spring scale to each group. Ask
students to push the two scales together and observe the readings on each scale. Instruct students to select one protective material and
place it in between the two scales. Students will use both scales to gently push in on the protective material and observe the reading on both
scales. Have students swap out a scale and protective material with another group so that each group has 2 of the same spring scales and
repeat the instructions.

Project slide M. Read the questions on the slide. Have students turn and talk about their ideas with a partner or their small group before
sharing with the whole group.
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Suggested prompt Sample student response

As you pushed in on each scale, what did you notice happening to the The protective material was bent or squished. Most of the
protective material? materials seemed to deform.
What did you notice about the readings on each scale? Even though the scales were made to measure more or less force,

the reading was about the same when we pushed in on them, and
it didn't matter what we had in between them. They experienced
the same amount of force.

What felt different about pushing the scales with and without the When we had the protective material in the middle, we had to
protective material between them? push a bit more to get the same reading that we had without the
protective material.

The materials felt more squishy or bendable for the materials that
reduced peak force more.

Say, Interesting, the really protective materials seem to reduce the forces on both objects, regardless of the strength of those objects. It also seems that
the really protective materials acted a little differently than the only slightly protective materials when we pushed on them. They may have moved
easier or had different properties even though they are all solids. What is special about those force-reducing materials that you identified last class?

Ask students what they think is different about materials that reduce peak force more than other materials. Students should list things such
as these:

¢ They are squishier.

e They seem to be lighter.

e They can bend more.

Some students may want to look at the materials more closely. Explain to students that we can get a better idea of what might be happening
by looking closer at the material properties. Tell students that we do have some microscopic images that might help us explain how the
properties of the better protective materials differ from the properties of materials that did not reduce peak force as well.

8 - COMPARE MATERIALS AND EXPLAIN MATERIAL STRUCTURE

MATERIALS: science notebook, How do we sense different textures? (optional), Up Close Images

Share perceived material property differences. Display slide N. Distribute Up Close Images to partner pairs. A color copy can also be found in
the Student Procedures. Show students the different zoomed-in images of the various protective materials that we have tested and give time
for students to look over the images on the handout. Have students turn and talk with a partner about what they see in common with the
protective materials.

Project slide O. Ask students to look back in their notebook to their responses about the specific features of materials that might be causing a
reduction in peak forces. Have students share with a partner the specific features that they think contribute to the reduction of peak forces.
They may revise any of their ideas at this time.

After students have had a chance to share with their partners, have students share with the whole class their ideas about perceived features.
Students should identify these characteristics:

¢ The materials can deform more than the materials that don't reduce peak force as much.

¢ The materials can change shape easily.
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¢ The materials seem to have space for air or air pockets.

Say, Interesting. It seems that we all think that the materials have air space or pockets in them and that may contribute to how they help reduce peak
forces in a collision. One material we know that definitely has air pockets is bubble wrap. Lets look at bubble wrap and cotton balls together and see
what happens as we apply a force with our hands. Maybe if we use our finger sensory receptors that help us detect forces on our fingers, we can try to
explain what the bubble wrap and cotton balls are doing as we apply a force.

ADDITIONAL Extension Opportunity: In a prior activity, students manipulated the test materials by placing them in the

GUIDANCE middle of two spring scales and applying a force. Students may have noted that these test materials all feel soft
or are easily pliable. This may lead to some curiosity about why certain objects feel squishy or soft. The reading
How do we sense different textures? helps explain why we sense different sensations such as soft, hard, smooth,
rough, dull, and sharp. If students are interested in learning more about how contact forces applied to the skin
lead to these different sensations, they can read How do we sense different textures?. This reading is optional and
will not affect the overall conceptual understanding of why some materials work better than other materials at
reducing peak forces in a collision, but it may help answer some student questions on the Driving Question
Board. Check your Driving Question Board to see if this will aid your students in figuring out the answers to any
of their questions. If this reading will help address some questions on the Driving Question Board, consider
assigning the reading to the class.

9 - CONSTRUCT INDIVIDUAL MATERIAL EXPLANATIONS 14 min

MATERIALS: 1 1™-square piece of small bubble wrap, 1 cotton ball, How can materials reduce peak force on the objects they protect?

Introduce handout. Display slide P. Distribute How can materials reduce peak force on the objects they protect?. Show students the two “Time % SUPPORTING STUDENTS IN

point” boxes. Explain that the first box is for showing what the bubble wrap or cotton ball is like before a collision occurs. The second boxisto  DEVELOPING AND USING STABILITY
identify the parts of the structure(s) they think are important and to show what happens to the structures of the bubble wrap or cotton balls  AND CHANGE

as a contact force is applied. Ask students to use the second box to try to explain what the zoomed-in structures of the material are doing

during a collision that helps to reduce the peak forces on the objects involved.% % At this moment, students are taking the

observable features that occur during a
collision and their knowledge about forces
and applying this to create a model of
microscopic changes that occur during a
collision. These microscopic changes are

ALTERNATE If bubble wrap waste is an issue, consider having students not pop their bubble wrap and use the same pieces being applied to explain how some materials

ACTIVITY class after class as a non-consumable. Collect the unpopped bubble wrap at the end of class. reduce force on the objects that they are
protecting and how their structures change

over the duration of the collision.

Qf Distribute bubble wrap and cotton balls. Pass out a small piece of bubble wrap and a cotton ball to each student. Let students know
| that they will get only one small piece of bubble wrap, so they need to refrain from popping the bubble wrap until we are all done
explaining how they think the material helps reduce peak force on the objects.

Allow students time to draft their ideas. With 2-3 minutes left in class, shift the focus to the last question. Have students try to explain the % SUPPORTING STUDENTS IN
last question on the handout: ENGAGING IN DEVELOPING AND
¢ How are these changes helping to reduce the peak forces? USING MODELS

In Lesson 11, students drafted ideas on how a
material might reduce the peak force on the
object it is protecting. Since then students
have conducted an investigation to
determine which readily available materials
reduce peak force more than others and
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ASSESSMENT Building towards: 12.B Construct a model to explain how the changes in the structures of cushioning materials
OPPORTUNITY contribute to their function at a microscopic level during a collision.

What to look for/listen for

¢ Bubble wrap and cotton balls have a large amount of empty space or air in them and relatively small
amounts of solid material across the space they take up.

¢ Bubble wrap and cotton balls deform easily when a small force is applied.

¢ Connecting structure to function, identifying a connection to reduction in peak force: e.g., less force
between the cushioner and the objects it is in contact with is due to increased space, ability to
deform, less-solid material, more-flexible material, and so forth.

¢ Possible student idea: Students may bring up particle-level connections, e.g., these materials are ones
that would also exhibit less energy transfer through conduction (from prior units the [unit:wc] and
[unit:th]), which may be related to less peak force in a collision.

What to do

If students are not showing the deformation of materials on How can materials reduce peak force on the objects
they protect?, have students use their fingers to apply a contact force to the bubble wrap or cotton ball and
observe the surface of the bubble wrap and cotton ball. Ask students what the bubble wrap or cotton ball is
doing: Is it breaking or is it doing something else when a contact force is applied?

At this point, students have not learned about the deformation differences between solids and gases, but this
could be inferred by some students based upon prior learning in the Storms Unit, Bath Bombs Unit, and Cup
Design Unit. Some students may be able to show the air becoming more dense upon impact in the bubble wrap
or the air moving out of the cotton ball. Since this is a new use of this key concept, ask students to do their best.
They will learn more about this in Lessons 13-14. There is no need for intervention on this concept until the end
of Lesson 14.

Collect How can materials reduce peak force on the objects they protect? at the end of class. Look for varying differences and explanations
in the ways the protective material might be reducing peak forces. These varying ideas can be utilized to motivate student learning in
Lessons 13-14. Ask students to throw away their bubble wrap as they leave class. Depending on the type of bubble wrap material, some
types of bubble wrap can also be recycled.

Additional Lesson 12 Teacher Guidance

SUPPORTING CCSS.ELA-LITERACY.W.8.1
STUDENTS IN Write arguments to support claims with clear reasons and relevant evidence.
MAKING

CCSS.ELA-LITERACY.W.8.1.B
CONNECTIONS IN Support claim(s) with logical reasoning and relevant evidence, using accurate, credible sources and
ELA demonstrating an understanding of the topic or text.
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have observed the structures at a
microscopic scale, looking for patterns in
those structures that might contribute to a
reduction in peak force. As students model
the materials in the handout, the structures
should become more detailed, and they
should start to make connections about the
ability of some materials to deform more
easily than others due to changes occurring
in their structure at a microscopic scale when
forces are applied to them. Giving students
the experience to incrementally revise this
model, such as this opportunity here, will aid
in their conceptual development of the
target science ideas.
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LESSON 13: How (and why) does the structure of a cushioning material affect the peak
forces produced in a collision?

PREVIOUS LESSON  We conducted an investigation to determine what materials reduce peak force in a collision. We compared the materials and found similarities in their
structures. We determined peak force is reduced equally on both objects, regardless of size. We tried to develop a model to explain how the materials function to

help reduce peak forces.
THIS LESSON " We develop a model to represent how the structures of materials compare in the top four performers for peak
force reduction. We use scaled-up versions of these structures to generate data using slow-motion video about
INVESTIGATION the unobservable mechanisms at work in the system. We carry out an investigation to determine how the
amount of force applied to different points of a cushioning structure is affected by the shape of that structure.
3 days

@4

NEXT LESSON  We will redesign our device using our science ideas. We will share our redesigns with stakeholders to get feedback and will use the feedback to evaluate the
potential design materials. We will reflect on the consequences of those potential changes based upon stakeholder feedback.

BUILDING TOWARD NGSS | WHAT STUDENTS WILL DO

MS-PS2-1, MS-PS2-2, MS-PS3-1, | 13.A Construct an explanation for how (and why) the structure of a cushioning material affects the peak forces produced (function) in a collision,
MS-ETS1-2, MS-ETS1-3, MS-LS1-8 | relating the amount of space available for deformation, the total contact time during a collision, and the peak forces produced from the addition of
such structures.

@ 13.B Develop and use subsystem models (free body diagrams) to represent how the peak contact forces on different objects in a collision compare
when they have different cushioning structures between them.

13.C Critically read a scientific text adapted for classroom use to determine how concussions can result in breaks in the axons of neurons (structure)
and why this can lead to memory loss (function), how a snug fit (structure) for a helmet would affect its performance (function), and how other
changes in the structure of cushioning material (in a helmet) would affect its performance (function).

WHAT STUDENTS WILL FIGURE OUT

¢ Protective materials tend to have a lot of space (or air) for the solid materials to deform into, which makes these materials relatively easy to
deform (with little force applied to them).

¢ The thicker these kinds of materials are, the more they reduce peak forces because this increases the total time the collision takes.

¢ Making a material more densely packed with smaller and smaller spaces does not necessarily reduce peak forces; such increased density may
actually have the opposite effect.

e The more you can spread the peak forces out over a larger area or over more points of contact, the less force is applied to each point of
contact; this can reduce the amount of damage on the material you are trying to protect.
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Lesson 13 - Learning Plan Snapshot

I Y N Y I S
1 A

5 min NAVIGATION
Turn and talk about the properties of materials identified in Lesson 12.

2 12 min DEVELOP AND USE A MODEL B Smaller-Scale Material Structures poster, markers, 1 roll of transparent tape,
Develop a diagrammatic model for representing small and microscopic 8-12 trimmed sheets of paper to fit in each cell on the poster, 2 rectangular
structures in cushioning materials and develop a physical model of these strips (1" x 9.25” each) of material cut from a plastic folder cover

to use to test the behavior of structures in a collision.

3 4 min PREDICT OUTCOMES AND PLAN FOR DATA COLLECTION C half-sheet data table from Observations from Adding Additional Ring
Make predictions on how adding the rings between two colliding objects Structures
would affect the forces between them and set up data collection tables.

4 10 min RECORD AND ANALYZE DATA FROM SLOW-MOTION VIDEOS D Observations from Adding Additional Ring Structures, computer, projector, http
Record data from five slow-motion videos for the five collision s://youtu.be/co5fN22N50A, https://youtu.be/OUOLsRFmMBNk, https://youtu.
conditions. Analyze and interpret the data in the whole group. be/3A1gKY2gK1U, https://youtu.be/eqKLBJFZInE, https://youtu.be/nqaDgidC

HOM

5 10 min ANALYZE AND INTERPRET THE DATA FROM THE VIDEOS E

Analyze and interpret the patterns in data from the five slow-motion
videos as a whole class.

6  5min @ INDIVIDUAL PROGRESS TRACKER F
End of day 1
7 20 min DEVELOP AND USE FREE BODY DIAGRAMS G Free body diagrams for collisions with and without cushioning structures, 2
Develop free body diagrams to represent the forces between the colored pencils (any color), Consensus model from Lesson 5 with the free
subsystem structures and between those structures and a cushioning body diagram on it, chart paper, markers
material.
8 6 min @ USE FREE BODY DIAGRAM MODELS TO MAKE PREDICTIONS H Free body diagrams for collisions with and without cushioning structures
Create a series of free body diagrams to show how the relative strength
of the peak forces on each subsystem in a collision with three rings in
the cushioner in the system would compare to the other conditions.
9 4 min SIZE PREDICTIONS | Free body diagrams for collisions with and without cushioning structures

Consider a system where there is a limited amount of total space
available for adding cushioning material to it.

10 7 min ANALYZE SIZE DATA AND UPDATE PROGRESS TRACKER J
Add to the Progress Tracker how and why the structure of different
cushioning materials affects peak forces in a collision.
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I Y S Y I S
1 K

3 min NAVIGATION
Make predictions about changes to the structure or shape of a
cushioning material and the related effect on peak forces in a collision.

End of day 2
12 3 min NAVIGATION L
Discuss reasons for predictions about how changing the structure of
cushioning material will affect peak forces in a collision.
13 5 min INTRODUCE A CONTROL CONDITION AND MAKE PREDICTIONS M Exploring shape of a cushioning material, Other Shape Tests
14 10 min TEST THE FIRST THREE STRUCTURES Exploring shape of a cushioning material, Other Shape Tests
15 5min TEST THE LAST TWO STRUCTURES Exploring shape of a cushioning material, Other Shape Tests
16 18 min PROGRESS TRACKER UPDATE N chart paper, markers
Update individual Progress Trackers and use these entries to contribute
to a class discussion to add a whole class Progress Tracker update.
17 5min @ NAVIGATION O-P  Reading: Anatomy of a Bike Helmet
Consider how we could apply our ideas to the design of a protective
headgear for preventing concussions in sports-related collisions and
how we might apply what we figured out to our own design problems.
End of day 3
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Lesson 13 - Materials List

per
-

Other Shape Tests o safety goggles
materials

Lesson materials ¢ half-sheet data table from Observations from Adding

Additional Ring Structures

¢ science notebook

e Observations from Adding Additional Ring Structures

* Free body diagrams for collisions with and without
cushioning structures

¢ 2 colored pencils (any color)

e Exploring shape of a cushioning material

¢ Reading: Anatomy of a Bike Helmet

Materials preparation (60 minutes minutes)

Review teacher guide, slides, and teacher references or keys (if applicable).

5 weighted plates (washers secured to the plate with sticky putty and a dime-size piece of
stlcky putty secured to the other side)

5 preassembled ring structures

1 digital scale

5 weighted plates (washers secured to the plate with sticky putty

and a dime-size piece of sticky putty secured to the other side)

1 piece of 8" x 11" x 14" Styrofoam panel per class (consumable)

3 5-N push-pull spring scales

1fine-tip permanent marker

3 weighted plates (washers secured to the plate with sticky putty

Smaller-Scale Material Structures poster

markers

1roll of transparent tape

8-12 trimmed sheets of paper to fit in each cell on the poster

2 rectangular strips (1" x 9.25” each) of material cut from a plastic folder cover
computer

projector

https://youtu.be/co5fN22N50A

https://youtu.be/OUOLsRFmMBnk

https://youtu.be/3A1gKY2qK1U

https://youtu.be/eqKLBJFZInE

https://youtu.be/nqaDgidCHOM

Consensus model from Lesson 5 with the free body diagram on it
chart paper

Make copies of handouts and ensure sufficient copies of student references, readings, and procedures are available.

Look back at student work turned in from Lesson 10. Identify areas of controversy over how the materials work to make connections to in this lesson

Make 1 copy of Observations from Adding Additional Ring Structures per two students. There are two data tables on this, so cut the copies in half so that you have one half sheet (one data table)

per student.
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Prepare an Smaller-Scale Material Structures poster for the top four peak
force reduction materials for your classes. The example shown here has
space for the top six peak force reduction materials, rather than only your
top four.

S maller -Scale Motertal Structures

mt.'}eri.l Deseciption D"’ﬂ""
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Cut pieces of copy paper so that
you have enough to fit in each cell I D s.ciphon
of this table for each class. This
will allow you to co-construct the
representations with each class
during the related discussion.

Diagran

You will remove the half sheets of
paper between classes so that NN
you can reuse the poster between

classes. \/
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The completed cells are shown below. Ideally you co-construct each of
these with each new. It can be helpful to have one set of these prebuilt,
however in case you need to use those if time is short.Keep the final class’s
representations posted in the classroom as an anchor chart for students to

refer to in the remaining lessons of the unit.
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Prepare an Smaller-Scale Observations from Adding Additional Ring
Structures poster for the top four peak force reduction materials for your
classes. The example shown here has space for the top six peak force
reduction materials, rather than only your top four.

S maller -Scale Motectal Structures

Moterial Descaiption Diagran

bubble

Wrap

cotton

SPenge

Cor f?ﬂrﬂrd
Car&boafcj
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(;arr,'wa

5+1ro?oam

Put the consensus model that you made from Lesson 5 with the free body
diagrams on it in a place that you can reference it later in the lesson.

Refore +he collision Durin g +he collision

| e W,
Ei?f*or\b e g 1y ,hgﬁ%gmgggaﬁ
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Day 3: Other Shape Tests lab
¢ Group size: Whole class
e Setup: Set aside 1 piece of 8” x 11" x 4" Styrofoam panel per class (consumable). Set aside 3 5-N push-pull spring scales, 1 digital scale, and 1 fine-tip permanent marker to reuse
across all classes.
¢ Preparation of ring structures (The complete set of 5 pre assembled ring structures will be two 6-ring triangles, one 3-ring structure, one 2-ring
structure, and one single ring.)
e Cut out 20 strips from a plastic folder cover, each 1inch wide and 9.25 inches long.
e Leave 2 strips unmodified for demonstration purposes later to show how a ring is made from a strip.
¢ Roll each remaining strip (18 total) into a ring, overlap the ends of the strip 0.5 inches, and tape the inside and outside of it with a 3-inch piece
of tape.
¢ You will now have 18 rings roughly 2.75 inches in diameter.
¢ Make 3 sets of these: Place two rings side by side and tape them together along the edges where they meet. Use 2 half-inch pieces of tape to
do this.
¢ Make 3 sets of these: Place three rings side by side and tape them together along the edges where they meet. Use 4 half-inch pieces of tape to do this.
¢ Now build two triangles using a set of 3 rings, a set of 2 rings, and a single ring for each triangle. Use half-inch pieces of tape to tape them
together along the edges where they meet. Your completed ring triangle structures will look like this:

¢ Preparation of weighted plates: Make 3 weighted plates, 200 grams each. Do the following for each plate:
e Attach two large washers to one side of a plastic electrical cover using a dime-sized piece of sticky putty.
¢ Place a dime-sized piece of sticky putty on the other side of the plate too to use later for sticking the rings to.
¢ Mass the system on a digital scale.
¢ Adjust the amount of sticky putty on each plate setup so that every weighted plate you make has the same amount of mass on it.

o Safety
¢ Wear safety goggles or glasses during the setup, hands-on, and take-down segments of the activity.
e Carts can fall off the tables if a brick is not placed at the end of the track. Make sure each station has a brick at the end of the track.
¢ Bricks are heavy and can cause injury when dropped on body parts. Make sure all bricks are away from edges of tables or areas where there is a drop risk.
¢ Make sure all fragile items are removed from the test area.
¢ Secure loose clothing, remove loose jewelry, wear closed-toe shoes, and tie back long hair.

Immediately pick up any items dropped on the floor so they do not become a slip or fall hazard.
e Storage
¢ Dispose of the damaged Styrofoam panel. All other materials can be stored and reused indefinitely.
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Lesson 13 - Where We Are Going and NOT Going
Where We Are Going

Three different relationships related to how the structure of a cushioner can affect its function are introduced in this lesson in order to give students a variety of competing trade-offs to
consider in their own designs:

¢ Thicker cushioning materials should reduce peak forces more.

¢ The structure of such cushioning materials can be changed at a microscopic and/or a macroscopic level, and both changes may impact the peak forces in a collision.

¢ The shape of a structure can distribute contact forces over a smaller or larger area, thereby increasing or reducing the amount of peak force on a specific section of material.

This latter idea expands the definition of breaking point, which up until now has been defined as the amount of peak force an object can withstand before reaching its elastic limit. While that is
true for fixed-volume or fixed-shape samples of a material, engineers typically determine breaking points by comparing the amount of stress, or force per unit area, between different
materials in relation to the amount of deformation the samples undergo. This allows them to make comparisons more easily between material samples with different cross-sectional areas.

This lesson advances students work in systems and system modeling by engaging them in developing free body diagrams for a multi-object system undergoing contact force interactions
(more than two objects in the system), and it gives them an opportunity to define the number of subsystems they will treat a chain of 3 rings as when they build these diagrams.

It also advances their understanding of the role of models in engineering related to the role of physical scale models that are often constructed to understand physical systems better and to
generate data to use to guide engineering solutions. Students worked with examples of this in OpenSciEd Unit 6.5: Where do natural hazards happen and how do we prepare for them?(Tsunami
Unit), where models were used to scale down phenomena that were too large to see (tsunami formation and propagation and design solutions for protecting vulnerable coastlines). But the
work in this unit helps them understand that such scale models can also be used to scale up smaller-scale phenomena. In particular, students are introduced to the idea that working with
larger-scale analogs of microscopic structures could help them understand what might be happening at a much smaller scale within the microscopic structures of our top force-reducing
materials. They are told that this is something that engineers and scientists often do when they want to understand how something works at a scale that is too small to see. They develop
larger-scale models and test how those work and use the results of these tests to better understand the unobservable changes occurring in those smaller structures.

Students develop a line of evidence that explains how cushioners work by relating the amount of space available in microscopic structures within cushioning material for those structures to be
able to deform in a collision, the amount of peak force they produce, and the total amount of contact time during the collision. This leads them to establish a generalized statement of the
relationship among net forces applied to an object, the time those forces are applied, and the amount of change in motion. The form of the statement “When weaker forces are applied to an
object it will take more time to change its motion” can be used to explain other kinds of motion changes beyond the cushioning context they are exploring now.

Where We Are NOT Going
The previous statement is a qualitative description of a relationship that will be explored further in related physical science ideas in the high school grade band related to the idea that

momentum change (or change in velocity for an object of fixed mass) is due to impulse experienced by the object, which is measured as the amount force times the length of time it is applied.
This is beyond the focus of this unit.
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LEARNING PLAN for LESSON 13

1- NAVIGATION > min

MATERIALS: None

Revisit a previous question from the end of the last lesson. Show slide A. Discuss this question as a class.

Suggested prompt Sample student response
What structures did the materials seem to have in common that were They have a lot of space or air between the smaller parts of it that
good at reducing peak forces? are made of solid fibers or solid sheets of material.

Continue the discussion around how this type of structure can help reduce peak forces in a collision.

Suggested prompt Sample student response

How would this type of structure help reduce peak forces in a collision? | The spacing or air in it allows it to squish more easily.
There is less matter to push back.
There is less solid material actually touching the other object.

The matter that is there gives easily, which means it pushes back
with less force for a certain amount of deformation.

How is it possible that these materials can cause the maximum force (Accept all answers.)
between the objects to decrease when the kinetic energy of the objects
before the collision remains unchanged?

Say, OK, so we know that there are certain structures in common with the materials that reduced peak forces the best, like air or space between the
walls, and we think this might have something to do with why they reduce peak forces in a collision even when the kinetic energy of the objects before
the collision doesn't change. But how is it possible that these materials are actually causing the strength of the maximum peak force between the
objects in a collision to go down? Let’s try and develop a model for what might be happening within the structures that make up those materials that
can help us figure out how this is possible.
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2 - DEVELOP AND USE A MODEL

MATERIALS: Smaller-Scale Material Structures poster, markers, 1roll of transparent tape, 8-12 trimmed sheets of paper to fit in each cell on the poster, 2 rectangular strips (1" x 9.25” each) of

12 min

material cut from a plastic folder cover

Meet in a Scientists Circle for a Building Understandings Discussion. Show slide B. Introduce the need for a model to represent similarities

in the small and microscopic structures. Say, Let5 try to draw a representation of the sort of general structures we all agree are a part of these
materials at a small or microscopic level that are responsible for why they behave in similar ways.

Hang the “Smaller-Scale Material Structures” poster on the wall where students can see it. Ask students to describe what the structure of
each of the top 4 force-reducing materials looked like when we examined a cross-section of each material. It is expected that the top
performers will be Styrofoam, bubble wrap, foam ear plugs, and cotton balls. But prompts and responses are included below for other

possibilities too.

Suggested prompt

Sample student response

What does the structure of bubble wrap look like if we examined a cut-
away section of it?

What does the structure of a cotton ball look like if we examined a
cut-away section of it?

What does the structure of corrugated cardboard look like if we
examined a cut-away section of it?

What does the structure of a foam earplug look like if we examined a
cut-away section of it?

What does the structure of Styrofoam look like if we examined a cut-
away section of it?

Thin, solid sheets of material that form a surface that is sealed up
to form closed air pockets.

Thin and long fibers that are wound together and that have open
space between them.

Wavy ripples of paper with a flat layer of paper between them
and with arches or gaps between the ripples.

Different-size open spaces surrounded by squishy material.

Small, lightweight spheres or polygons with air pockets between
them.

For each description that students share, draw a diagram on a half sheet of paper and tape it in the row for that material (or share a pre-

drawn one). Do the same for each written description. You could ask student volunteers to be ready to help write a verbal description of what

you drew for a particular row to help speed up the construction of the chart.

Again, it is expected that the top performers will be Styrofoam, bubble wrap, foam ear plugs, and cotton balls. Limit the entries you add to

this poster to the top 4 force-reducing materials for your class.

ADDITIONAL
GUIDANCE

Drawing a 2-dimensional, cross-section representation of the structure for each of the materials will help
foreground the similarities between them that might not be apparent from a photograph that also shows some

of the three-dimensional structure of the material, like in the bubble wrap or cotton ball.

Remember, between classes you will remove the half sheets of paper you added to this poster so that you can
reuse the poster for all classes. Keep the final class's representations posted in the classroom as an anchor chart

for students to refer to in the remaining lessons of the unit.
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% SUPPORTING STUDENTS IN
ENGAGING IN DEVELOPING AND
USING MODELS

This is an important opportunity to help
students see that another type of model that
engineers develop in science is one that can
be used to visualize what is happening at a
scale too small to see. Here students are
using a scaled-up model to visualize what
happens with peak forces when using
materials with air gaps or pockets. It also
prepares students to think like an engineer
by using multiple models to generate data to
figure out how part of a system works in
order to know how to apply the design and
optimization of a solution necessary to
address an identified problem.

Page 257



Develop a scaled-up physical representation of a common structural element. Say, OK; Lets make a scaled-up representation of some of these
structures. Here is a strip of plastic material from a folder cover. If | bend it into a circle and tape it, which parts of which materials
on our chart would this best represent? Which is it kind of close to representing? Demonstrate this with one the rectangular strips
(1" x 9.25”) of material cut from a plastic folder cover. Bend it into a circle and then tape both ends of it together.

Students will say it best represents a small piece of the small or microscopic structure of the bubble wrap or the foam
earplugs because there are circular gaps of air or space. Alternatively, or in addition, they may say it is close to the structure
of another one of the materials. Ask students what about the structure you made represents an important aspect of the other materials, such
as corrugated cardboard. Students will say that the structure you made forms a space that makes a semi-closed pocket of air or gap or space
surrounded by solid material or walls, and many of the materials have a semi-closed pocket of air or gap or space surrounded by solid
material.

Emphasize that even though this physical model doesn't represent the structure of the cotton fibers as well, it still includes one key feature,
namely, it has a lot of empty space in it in proportion to the amount of solid matter.

Demonstrate by taking the second of the rectangular strips (1" x 9.25") of material cut from a plastic folder cover, and
bending it into a circle and then taping both ends of it together. Then tape this circle against the first circle you previously
made.

Ask students which materials have a repeating pattern in their microscopic structure like the one we just built, even if the
exact shape and size of the air pockets in the structure might be slightly different. Students will say it represents most of the
materials, except maybe for the cotton ballor Styrofoam. In the case of the Styrofoam students may say that the ratio of
solid material to air or empty space isn't right and that to represent Styrofoam, we need more solid and less air between the repeating
structures. Say, Weve made an argument here that this larger-scale structure represents something important we are seeing in the small and
microscopic structures of many of these top force-reduction materials. They all have a large amount of air or space gaps in between the solid matter,
just like this structure does. Now that we have analyzed a large-scale physical model that represents this important aspect of the structure of peak
force reducers, we could use it to understand what might be happening at a much smaller scale within those small and microscopic structures of our
top force-reducing materials. This is something that engineers and scientists often do when they want to understand how something works at a scale
that is too small to see. They develop larger-scale models and test how those work and use the results of these tests to better understand the
unobservable changes occurring in those smaller structures.

Take apart the circles you made so you demonstrate taping them together for your next class.

3 - PREDICT OUTCOMES AND PLAN FOR DATA COLLECTION

MATERIALS: half-sheet data table from Observations from Adding Additional Ring Structures, science notebook

4 min

Show slide C. Use this to cue students to turn and talk about the following questions:
¢ Would adding ring structures to the system, as shown in B and C, affect the peak forces in the collision? Why or why not?
¢ Would attaching these structures to the stationary object (brick), as shown in D and E, instead of to the moving object affect the
peak forces in a collision? Why or why not?

Listen for different predictions in the partner talk.
Prepare to record data. Pull students together. Share that you heard different predictions in the partner discussions and suggest that we

should try to collect some observations to see which of these predictions are supported or refuted.Distribute a half-sheet data table from
Observations from Adding Additional Ring Structures to each student and have them add it to their notebook.
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4 - RECORD AND ANALYZE DATA FROM SLOW-MOTION VIDEOS

MATERIALS: science notebook, Observations from Adding Additional Ring Structures, computer, projector,

10 min

Show slide D. Say, Lets start by watching the first two conditions outlined in our data table.
Show video A: https://youtu.be/co5fN22N50A. Give students a minute to record their observations.
Show video B: https://youtu.be/OUOLsRFmMBnk. Give students a minute to record their observations.

Before showing any other videos, discuss what students noticed to motivate watching these first two videos a second time with the goal of
recording data that would allow us to determine the total length of collision time in each condition.

Suggested prompt Sample student response

What did you notice about the peak forces in the two collisions? There was less peak force in the system with a ring in it than in the
system without a ring.

Since our very first lesson, weve been trying to visualize what was
happening right at the moment of first contact to a split second after
this happens. What did you see happening to the ring structure during
the time the collision was occurring?

Were there any differences you noticed in the amount of time it took
for the collision, either in terms of how long the objects were in contact
with each other or in terms of how long it took for the collision to
produce its peak forces?

What evidence could we collect from the videos to see if there is a
difference in the amount of time those things took?

The ring was deforming and then after it reached a maximum
amount of deformation it started returning to its original shape,
which is when the cart started moving backward.

It seemed like the system with a ring in it took longer than in the
system with none.

We could record the times we see on the phone or stopwatch
running in the video when the contact first occurs and when it

reaches peak force and/or when contact is broken off.

Say, Let’s watch these two videos again and record additional observations regarding the amount of time the collision took. You decide if you want to
record how long it took to reach peak force after first contact occurred or if you want to record how long it took until the contact between the objects
ends. Either way you will have to record at least two times. That will allow you to calculate and compare the length of time these events took in
different collision conditions.

Ask students to stand in a semi-circle around the screen you are projecting the videos on before showing the videos again. Students can ask
you to pause the videos at any time so they can take a closer look. Encourage students to go up to the screen and point to things in the video
when they ask you to pause it. Students are likely to ask you to pause at each of these points in time:

¢ The point of first contact between the leading edge of the cart system and the leading edge of the brick system.

¢ The point where the peak force is reached

¢ The point at which contact is broken between the ring on the brick and the cart subsystem

Show videos A and B again.

¢ video A: https://youtu.be/co5fN22N50A
e video B: https://youtu.be/OUOLsRFmMBnk
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Then show videos C, D, and E.
e video C: https://youtu.be/3A1gKY2qK1U
e video D: https://youtu.be/eqKLB|FZInE
e video E: https://youtu.be/nqaDgidCHOM

5 ANALYZE AND INTERPRET THE DATA FROM THE VIDEOS

MATERIALS: science notebook

10 min

Facilitate a discussion of the patterns across the five collision cases. Have students return to their seats. Show slide E. Cue students to read
through the questions on their own and study the data table for a minute independently. Then discuss the questions on the slide as a whole

group.

Suggested prompt

Sample student response

What patterns did you notice in the peak forces produced across all
five collision conditions?

How did the motion of the cart system change after the system
reached the point at which peak forces occurred?

What patterns did you notice in the total time it took to reach that
point in the collision?

Was there a similar pattern in the total time it took for the collision
from when contact was first made to when the contact was broken?

The peak forces decreased with more rings.

Two rings produced less peak force than one ring, which produced
less peak force than no rings.

The amount of peak force was reduced just as much, regardless of

whether the rings were on the stationary object or the moving
object.

The direction of the cart system reversed its motion.

It started moving in the opposite direction

The total time the objects were in contact with each other
increased as you added more rings.

Yes.

ADDITIONAL Some students may also notice that the maximum amount that every structure in the system deformed

GUIDANCE decreased when the system went from having 1ring to 2 rings in it. If they notice that now, make note of it too,
but don't dwell on it yet. You will return to look for evidence of this on day 2 of this lesson when you develop
free body diagrams of these structures for each of these conditions.
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KEY IDEAS Listen for the following key ideas in this next part of the discussion. When students share them, ask others to
restate each of them.

Structures like rings provide space for the protective material to deform.

The more of these structures there are in a cushioner, the longer the contact time during the collision.

The more of these there are in a cushioner, the lower the peak forces that are produced by the collision.

When weaker forces are applied to an object it will take more time to change its motion.

When stronger forces are applied to an object it will take less time to change its motion.

First focus on asking students to summarize the relationships they discovered among the number of structures that have space in them to
deform, the length of time the deformation is occurring over, and the peak forces produced in the collision.

Suggested prompt Sample student response

What can we conclude will happen to the peak force in a collision then | The peak forces on things in the system will go down.
when we add more structures that have gaps, space, or air pockets in
them in between the two colliding objects?

What can we conclude will happen to the amount of time the collision The total time the objects were in contact with each other during
takes when we add more structures that have gaps, space, or air the collision from the start of collision to end will increase.
pockets in them in between two colliding objects?

Now shift to asking students to generalize the relationship between the strength of force applied to an object and the time it takes to change
the motion of the object.

Suggested prompt Sample student response

In every case the motion of the cart changed in the collision. It went It will take a longer amount of time.
from moving in one direction to moving in the reverse direction. Let’s
try to summarize what this tells us about the relationship between the
time it takes to change the motion of an object and the strength of
forces used to do it. So when weaker forces are applied to an object to
change its motion, what will happen to the amount of time it will take
to do that?

When stronger forces are applied to an object to change its motion, It will take a shorter amount of time.
what will happen to the amount of time it will take to do that?
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6 - INDIVIDUAL PROGRESS TRACKER

MATERIALS: science notebook

5 min

Update individual Progress Tackers. Say, These ideas are all based on observing these large-scale structures. But let’s remind ourselves that these
weren't the specific structures we were interested in explaining at the start of our lesson. We were initially interested in explaining how and why the
microscopic structure of an effective cushioning material decreases the peak forces in a collision. Let’s take a moment to think about how we apply
what we figured out to those materials.

Q/ Show slide F. Give students the remaining time to add an entry to their individual Progress Trackers in their science notebook related
to the lesson question:
¢ How (and why) does the structure of a cushioning material affect the peak forces produced in a collision?

Ask students to leave their notebooks for you to review before the next class.

ASSESSMENT
OPPORTUNITY
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Building towards: 13.A Construct an explanation for how (and why) the structure of a cushioning material
affects the peak forces produced (function) in a collision, relating the amount of space available for
deformation, the total contact time during a collision, and the peak forces produced from the addition of such
structures.

What to look for
¢ Good cushioning (force-reduction) materials have space available in them for deformation.
¢ More space available for deformation is related to an increased contact time during the collision.
¢ Increases in contact time in the collision is related to decreased peak forces produced in the collision.
¢ Optional: Students may argue that thicker cushioning materials with spaces or air gaps in them
available for deforming should therefore reduce peak forces more in a collision.

What to do: The individual Progress Tracker is designed to be a space for students to make sense of what they
have figured out, and therefore these individual entries may or may not be shared with and reviewed by the
teacher at different points in the unit. For this specific entry, use what students have entered individually as a
formative assessment piece that is not scored but instead is used to ensure students are ready to move on the
next day. At the end of this lesson, the class will co-construct a three-box Progress Tracker to record what the
class has come to consensus on about what they have figured out about cushioners. At that point, students
may turn to this entry and use what they have recorded here as they help the class co-construct. Because this
entry serves as a formative assessment piece, you may choose to just read through them to gauge where
students are at and/or, for those that might benefit from thinking more about the question, you could leave
question prompts as feedback directly in their notebook on this entry.

End of day 1
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7 - DEVELOP AND USE FREE BODY DIAGRAMS 20 min

MATERIALS: Free body diagrams for collisions with and without cushioning structures, 2 colored pencils (any color), Consensus model from Lesson 5 with the free body diagram on it, chart

paper, markers

Say, At the end of our last class you summarized what you figured out about how and why the structure of a cushioning material affects the peak
forces produced in a collision. Lets use what you figured out to think about what is happening to each structure in the system from a free body
diagram perspective and then use that form of system thinking to make predictions about what would happen when we change the structure of the
materials we are using in other ways. Show slide G.

Distribute Free body diagrams for collisions with and without cushioning structures to each student and have them add it to their notebook.

Gather students in a Scientists Circle. Bring the Consensus model from Lesson 5 with the free body diagram on it to the circle.

KEY IDEAS Purpose of this discussion: Help students apply use of free body diagrams for representing the forces in
subsystems in Lesson 5 to the subsystems from the most recent investigation.

These representations include showing external forces on each subsystem as in the following:
¢ The direction of the force arrow indicates the direction of the force applied on the object.
¢ Differences in length of an arrow represent differences in the relative magnitude of a force.
¢ The tip of the arrow indicates the surface on which the contact force pushes.

Ask students to compare the objects and subsystems represented for each of the conditions shown in the system diagrams on the handout
and describe what is simplified in these representations.

Suggested prompt Sample student response

Look at the chart on your handout. These are simplified diagrams Aring is added in one. And two rings are added in the other.
showing the different structures that were added between the cart
subsystem and the brick in the videos we analyzed. What is different in
each diagram that shows this?

Though the rings and brick have a similar shape to what we saw in the The wheels.
video, notice that the cart and spring-scale subsystem has been
simplified to show the cart and the spring scale. What are some parts
of the cart subsystem that are left out of this diagram?

In addition to the wheels, what are other things the wheels make The track.
contact with that are also left out of the diagram?

So in the first diagram, we see only two subsystems being represented. Three.
How many clearly labeled subsystems are there in the next diagram?

And in the third diagram? Four.
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Introduce another modeling convention in free body diagrams. Say, These sorts of simplifications, leaving out some details and objects and
paying attention to a subset of them in a system, are commonly done when engineers or scientists make free body diagrams of moving objects. Many
times the objects in the system are simply shown as rectangles or circles rather than including other details that don't necessarily help visualize where
the force interactions are occurring in the system.

Connect to other examples of simplified representations of objects and interactions from work students have done in prior OpenSciEd
units. Say, When this sort of simplified representation is used, however, it's important to label each object in the system that you are developing a free
body diagram for. Youve made similar simplifications for other system models youve developed in other units. For example, in your work on Palm Oil
Unit when modeling interactions in the palm oil and native ecosystems for orangutans, what are some of the populations of organisms in the
ecosystem that you showed interactions between with just a simple rectangle? Students will say things like orangutans, palm oil trees, fruit trees,
insects, tigers, rats, and pigs as just a few examples.

Co-develop free body diagrams for the two subsystems in the ringless collision. Use the following prompts to elicit students' ideas to add
to the creation of two free body diagrams for this condition on a piece of blank chart paper.

Suggested prompt Sample student response

How many separate free body diagrams should we draw for the first Two.
collision case?

Is one object applying a force on another object without the other
object applying a force back?

And how should the strength of the forces on each object compare?

How do we represent that the forces on each object are equally

No.

They should be the same.

Use arrows of equal length.

strong?

The completed free body diagram should look something like the illustration in the right column shown here. Students should add
something similar to the first row in their table on Free body diagrams for collisions with and without cushioning structures.

:
! - cart&spring | ‘ = i
brick | bp tg brick i ot & aping
| _scale subsystem | scale subsystem
fpe?k rcunis}(:t : peak contact
orce r(Tm the : force from
cart & spring the Birick
scale

Co-develop free body diagrams for the three subsystems in the single-ring collision. Use the following prompts to elicit students' ideas to
create three free body diagrams for this condition on the chart paper below the first free body diagrams.
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Suggested prompt

Sample student response

Let’s treat the cushioner, or the ring, as a single subsystem with its own
free body diagram. If we do, then how many total separate free body
diagrams should we draw for the second collision case?

OK, lets draw each of those and label them. And let’s start with the
cart and spring-scale subsystem. Which subsystem is making direct
contact with the tip of the spring-scale plunger when it registers a peak
force?

Which way is the ring pushing on the tip of the spring-scale plunger?

How should the strength of this force compare to what we showed in
the diagram above?

How would we represent this in our diagram?
Does the spring-scale launcher tip push back on the ring?

In what direction and with how much force? The same amount as we
showed on the spring-scale plunger? More? Less?

OK, that is one force arrow we have added to the ring now. But what
else does the ring make contact with when the system reaches peak
forces?

And we know that the ring pushes back just as much on the things that
compress it, whether it is attached to the motionless thing or to the
previously moving thing. So how would the amount of force that the
ring is pushing back on the brick here compare to how much the ring
was pushing back on the cart?

So is that amount of force between the brick and the ring only on the
brick or only on the ring, or is it on both?

openscied.org

Three.

The ring.

It is pushing on it with a force pointed to the right.

There should be less peak force.

We should show this with a smaller length for an arrow.
Yes.

The opposite direction with just as much force as we showed on
the cart and spring-scale subsystem (which is less than in the first
diagram).

It makes contact with the brick.

It should be an equal amount of force.

Both.

Unit 8.1 Lesson 13 - 10/1/25

Page 265



The completed free body diagram should look something like the illustration in the right column shown here. Students should add
something similar to the second row in their table on Free body diagrams for collisions with and without cushioning structures.

ring 1 R | i -
/E\ | | cart & spring
i { | cart & spring scale brick H | scale subsystem
bkl N subsystem H | i

peak contact : - _ . i peak contact
force from the | Peakcontact . peak contactforce | goces from the
ring | force from fromthe cart & | ring

+ the brick NG spring subsystem

Introduce two different ways to model the two-ring condition. Say, For the two-ring condition, you could choose to represent the two rings as a
single subsystem or you could represent them as two separate subsystems. In the first case you would need to show three free body diagrams, while in
the latter you would need to show four. You and your partner should decide how you want to model that condition, but remember to look back at our
results from the video so that your model accurately represents the relative strength of all the peak contact forces from the interactions between each
subsystem in your model.

Give students 5 minutes with an elbow partner to complete the third row in the handout. Emphasize that this is one part of a formative
assessment you want to collect.

After students have completed the third row, ask if there are any questions and if students feel confident they could use this way of

representing forces in each subsystem to predict what would happen if there were three rings of the same size chained together on either
the spring scale or the brick.
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8 - USE FREE BODY DIAGRAM MODELS TO MAKE PREDICTIONS

6 min

MATERIALS: Free body diagrams for collisions with and without cushioning structures

Q/ Show slide H. Have students return to their seat to complete Free body diagrams for collisions with and without cushioning structures.
Emphasize that this is the second part of the formative assessment you want to collect. Collect Free body diagrams for collisions with
and without cushioning structures when students have completed their work.

ASSESSMENT Building towards: 13.B Develop and use subsystern models (free body diagrams) to represent how the peak
OPPORTUNITY contact forces on different objects in a collision compare when they have different cushioning structures
between them.

What to look for: Look for a system model that includes the following structures and subsystems:

Look for free body diagrams. In every approach used, the

length of the force arrows should be shorter than any previous brick ..
s . scale subsystem
condition. One approach would be to treat the three-ring
cushioner as a single subsystem. If so, look for the following in s
student responses.
) . cart & spring
brick scale subsystem
peak | i contact k contact | | e
| T wes pmi | o
Sask ! the brick cat&spring | T oq

subsystem

Another approach would be to treat the three-ring cushioner as three separate subsystems. If so, look for the
following in student responses.

peak peak
contact contact
force from force from
the brick . dad
ring 1
peak contact peak contact =
brick « force from force from cart & spring
ring 1 ring 3 scale subsystem
peak b peak contact
contact ring 2 force from
e R fing 3
ring 1
e peak contact pz?z;zg::m
foree from
fing 2 the cart &
spring
ring 3 subsystern

What to do: For students who struggle with creating these free body diagrams, pair them up with another
student who has been finding success with developing these diagrams and ask them to compare their models
using the "partner feedback process" from slides D and E they used in lesson 10. This will provide a structured
way for each student to share their diagram, compare each other’s diagrams, ask questions, and then revise their
models.
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9 - SIZE PREDICTIONS 4min

MATERIALS: Free body diagrams for collisions with and without cushioning structures

Introduce the context for another shape consideration. Show slide I. Read the text at the top of the slide, Some design solutions for protective
devices may have criteria or constraints that impose a limit to the amount of space available for adding cushioning material to a system. Let's

consider a system where there is a limited amount of total space available for adding cushioning material to it. Ask students to discuss the
questions on a slide with a partner for a couple minutes.

Then discuss these questions briefly as a class.

Suggested prompt Sample student response

If we wanted to double the number of air gaps or spaces in the They would have to get smaller.
structure of a cushioning material used in the space, how would the

size of those air gaps or spaces have to change in order to fit them in? They would have to shrink.

Do you think that change would also affect the reduction in peak (Accept all predictions.)

forces that those structures provided in a collision?

10 - ANALYZE SIZE DATA AND UPDATE PROGRESS TRACKER 7 min

MATERIALS: science notebook

Introduce size data. Show slide J. Give students the remaining time to discuss the data on this slide with a partner and to add to their
Progress Tracker (while still talking with a partner) under the entry for this question:
¢ How (and why) does the structure of a cushioning material affect the peak forces produced in a collision?

11- NAVIGATION 3 min

MATERIALS: None

Make initial predictions about changes to the structure or shape of a cushioning material and the related effect on peak forces in collision.
Show slide K. Emphasize that students should discuss this question with a partner now so that we can share what ideas partners came up
with as a whole class next time:

¢ Do you think other changes to the structure or shape of a cushioning material would affect how much it reduces peak forces in a
collision? Why or why not?

End of day 2
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12 - NAVIGATION 3 min

MATERIALS: None

Share predictions from the end of last class. Show slide L. Discuss this question as a whole class, getting a few different reasons for the
predictions that students made. Accept all responses.
¢ Did you and your partner think that other changes to the structure or shape of a cushioning material would affect how much it
reduces peak forces in a collision? Why or why not?

13- INTRODUCE A CONTROL CONDITION AND MAKE PREDICTIONS > min

MATERIALS: Other Shape Tests, Exploring shape of a cushioning material, science notebook

Say, Since we have some different predictions about the impact that other shape changes in a cushioning material will make in a collision, let’s collect
some additional data on this question. Lets test five different structures where we again use rings as a repeating substructure across each structure we
test. These are the structures we are going to test.

Show students the 5 structures we will be testing. Ask students to describe the relative size and arrangement of the rings in each structure.
Students will say that they are the same size and many are taped together.

Motivate testing a control. Say, For each of these structures let’s place them between a plate and the table and apply the same amount of force on
the system and see how each structure will respond. Before we test all of these structures, let’s take some initial observations for one of the structures
to serve as a control condition and then use this to make some predictions about how the rest of the structures will function in comparison to that.

Demonstrate the single-ring condition by placing one of the weighted electrical plates on it. Use the sticky
putty on the back side of the plate to secure the ring to the bottom of it. Now, on the table, balance the
weighted plate on top of the ring. Describe how you are trying to balance the plate on the ring without
pushing down or lifting up more on the system to do so. Ask students to describe what they notice
happening. They will say the ring deformed.

Remove the weighted plate. Say, | massed each plate before class and adjusted the amount of putty on each so
that they all have the same weight. We can therefore use these to apply the same amount of force to these four
other structures. Optional: Demonstrate this for a couple of plates by placing them on a digital scale, if needed.

Distribute Exploring shape of a cushioning material. Ask students to think about how the other structures will compare when we apply the
same amount of weight on top of the plate but change the number of rings in between the plate and the table and record their predictions
on the new handout you are giving them. Show slide M. Give students a couple of minutes to record their predictions on the handout.

14 - TEST THE FIRST THREE STRUCTURES 10 min

MATERIALS: Other Shape Tests, Exploring shape of a cushioning material, science notebook

Gather around a demonstration area. Have 3 students help balance the weighted plate on top of the first three structures (1 ring, 2 rings side
by side horizontally oriented, and 3 rings side by side horizontally oriented) . Ask for student volunteers to help do this. Have the rest of the
class gather around the demonstration area. Student volunteers should balance their weight on top of these structures, keeping it from
tipping over but trying not to lift or push down on it any, just like you demonstrated. After doing this long enough for other students to record
their observations (e.g., 2 minutes), ask another set of 3 volunteers to swap places with the first 3 students so that they can record
observations as well.
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Discuss the patterns they noticed as a class.

Suggested prompt Sample student response

What did you notice happening among the one-ring, two-ring, and The more rings, the less they deformed.
three-ring structures?

What does this tell you about the amount of force on each ring when Itis less.
there are two or three rings compared with when there is one ring?

How much less force would there be on each ring when there are two Half.
rings instead of one?

How much less force would there be on each ring when there are three A third.
rings instead of one?

Say, Let’s use our push-pull spring scales to test this. Let'’s swap in a spring scale for a ring, since we know that the rings and )
the springs are both behaving elastically, and see how much force is registered on each spring scale. Ask for a student .;' p— ‘
volunteer to record the results on the board for each condition tested (using 1 spring scale to support the weight, . s
using 2 spring scales to support the weight, using 3 spring scales to support the weight).

Ask for student volunteers to help hold and test the first condition. It will take at least two people to balance a
weighted plate on top of a push-pull spring scale held upright. A third person can read the amount of force
registered on the scale.

Do this again for two spring scales held upright under the weighted plate. This may take another person to do.

Do this again for three spring scales held upright under the weighted plate. This may take another person to do.

Give a minute for students to record their observations on their handout.

ADDITIONAL If one spring scale of the two or three used is slightly higher than the others when measurements are taken, one
GUIDANCE side of the scales may register a higher force reading than the others, but the sum total of all the forces on 2 or
3 springs scales should still add up to the total amount from the single scale test condition.
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Suggested prompt Sample student response

How did these measurements compatre to our predictions? This is what we predicted would happen.

So if a collision occurred on the surface of the plate and it produced a One-third.
certain amount of peak force where contact was made, how strong
would the forces be below each point of contact on a three-ring
structure like this.

So if we could use ten rings instead of one, how much force would One-tenth.
there be on each ring and the structure below it?

Say, How would this affect the amount of damage on an easily deformable object placed below it? Students should say that it should reduce the
amount of damage on it

Place a sheet of Styrofoam on the table and under a spring scale with the plunger touching the Styrofoam. Stack all three of the weighted
plates on top of the spring scale. This will make an indentation on the Styrofoam. With a fine-tip permanent marker trace the outline of
where the spring-scale plunger touches the Styrofoam before removing it.

Move to an undamaged spot on the Styrofoam. Hold three spring scales together with their plungers touching the Styrofoam and place the
stack of three weighted plates on top of them so all three scales are holding up the stack of plates. Trace the outline of where all three spring-
scale plungers touch the Styrofoam before removing them.

Hold up or pass around the Styrofoam and ask students to describe what they notice. Students will say that there is more damage from the
single spring scale than from the three.

Say, This three-spring-scale structure provides more points of contact to push back. Because of that, the amount of contact force at each point of
contact is less. In a way, we can think of the structure as spreading out the force it is pushing back with across a larger surface area. And from the
Styrofoam we can see that this has an effect on the damage on a material it is in contact with. So we can see that it's not just how much peak force is
applied to a material that causes it to be damaged. It really how much peak force is being applied at a particular spot on the material. So if you can
spread the amount of force being applied to more spots or over a greater area, this should result in less damage to the object those forces are being
applied to. Lets see if we can use these ideas to explain what our six-ring, triangular structures do when a force is applied to them.

15 - TEST THE LAST TWO STRUCTURES

5 min

MATERIALS: Other Shape Tests, science notebook, Exploring shape of a cushioning material

Carry out the last two structure tests in the demonstration area. Prepare to test the last two structures (6- ring, triangular shape). Ask for
student volunteers to help do this. Student volunteers should balance their weight on top of the last two structures (6-ring, triangular shape).
Ask for student volunteers to help do this. . Student volunteers should balance their weight on top of the structures, keeping it from tipping
over but trying not to lift or push down on it any, just like you demonstrated. After doing this for a minute as other students record their
observations, ask for 2 other volunteers to swap places with the first volunteers so that they can record observations as well.
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Briefly discuss what students notice.

Suggested prompt

Sample student response

Which rings deformed less than others?

In each case, which objects are experiencing the strongest forces where
aring is touching, the weighted plate or the table below it?

So if we decided to use one of these cushioning structures to protect a
collision between a falling weighted plate and the table, which of these
structures would be more effective at protecting the table below it?
Which would be more effective at protecting the plate above it?

16 - PROGRESS TRACKER UPDATE

MATERIALS: science notebook, chart paper, markers

The row of three rings deformed less than the row of two rings
which deformed less than one ring.

It depends. When the point of the triangle is touching the
weighted plate, there would be stronger forces there than along
the base of the triangle against the table. But when the point of
the triangle is touching the table, there would be stronger forces
there than along the base of the triangle against the weighted
plate.

The wider part, the three rings, of the triangle should be against
the surface you want to protect.

18 min

Say, Let’s summarize all of these discoveries in a Progress Tracker update as a class. Show slide N. Have students prepare a 3 column entry in

their Progress Tracker. You will fill in this entry together as a class.

Gather students in a Scientists Circle. Hang a piece of chart paper. Layout a table for a whole class progress tracker entry as shown on slide
N. Remind students that we've been working as a class on the same question about structure as the one they wrote in their Progress Tracker
last time. Ask them to look back to see what that question was. Write it on the chart paper in the “Question” box and have students add it to

their "Question” section for this new Progress Tracker entry.

Then ask students, In the last lesson, what sort of testing and inspecting did we do with different cushioning materials before we started
working with rings and what did we figured out from those. Students will say in the last lesson we did a series of collision investigations to
determine which reduced forces the most and inspected those materials up close.

Ask students how we figured out that the top cushioners had similar structures in terms of a lot of empty space or air within their materials to
deform into. Students will say we looked at up-close and microscopic photographs of cutaways of the materials.
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Add to the Progress Tracker chart paper so that it reflects these ideas. Students should add similar information to their Progress Tracker entry.
It should now have something like this in it:

Lesson question Source of evidence

® Peak force collision tests with different materials
® Up-close and microscopic photographs of top performing
materials

How (and why) does the structure of a cushioning material
affect the peak forces produced in a collision?

What we figured out

® Protective materials tend to have a lot of space (or air) for the solid materials to deform into, which makes these materials
relatively easy to deform (with little force applied to them).

Ask students why we started to use rings to explore the behavior of these structures further and what we figured out at first from our
increasing the space in a cushioning material through the ring collision videos.

Suggested prompt Sample student response

Why did we start to use rings to explore the behavior of these The rings represented a common structural element in the
structures further? What about the microscopic material structure did materials, something that has a lot of space or air for the solid
the rings represent? material to deform into.

How did adding more rings help us visualize the effects of adding more | It allowed us to see deformation occurring across the spaces
cushioning material? within those materials.

How did increasing the space that the cushioning material could Itincreased it.
deform into affect the total time of the collision? What did adding
more rings do to the total time the collision took?

And what did this do to the peak forces produced in the collision? It reduced it.

So, then, what did we discover the relationship is between the amount We can change the motion of an object with materials that apply
of time a collision lasts and the strength of forces applied by a weaker forces over more time instead of using materials that
cushioner? apply stronger forces over less time.

Emphasize that we also discovered that simply packing smaller and smaller spaces (or smaller rings) into a material and/or making the
structure of that material more dense doesn’t necessarily help it reduce peak forces, and it actually may have the opposite effect.
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Add to the Progress Tracker on the chart paper so that it reflects these ideas. Students should add similar information to their Progress
Tracker entry. It should now have something like this in it:

Lesson question Source of evidence

® Peak force collision tests with different materials

® Up-close and microscopic photographs of top performing
materials

® Scaled-up ring structures attached to spring-scale carts in collision

videos

How (and why) does the structure of a cushioning material
affect the peak forces produced in a collision?

What we figured out

® Protective materials tend to have a lot of space (or air) for the solid materials to deform into, which makes these materials
relatively easy to deform (with little force applied to them).

® The thicker these kinds of materials are, the more they reduce peak forces because this increases the total time the collision
takes.

® Making a material more densely packed with smaller and smaller spaces does not necessarily reduce peak forces. Such increased
density may actually have the opposite effect.

Ask students to summarize what we figured out from the most recent test we did of 5 different ring structures. Listen for ideas like these:
¢ The more you can spread the peak forces out over a larger area or over more points of contact, the less force is applied to each
point of contact.
e This can reduce the amount of damage on the material you are trying to protect.

Add these ideas to the Progress Tracker on the chart paper. Students should add similar information to their Progress Tracker entry. It should
now have something like this in it:

Lesson question Source of evidence

Peak force collision tests with different materials
Up-close and microscopic photographs of top performing materials
® Scaled-up ring structures attached to spring-scale carts in collision
videos
Testing of different-shaped structures with weights on top of them

How (and why) does the structure of a cushioning material
affect the peak forces produced in a collision?

What we figured out

® Protective materials tend to have a lot of space (or air) for the solid materials to deform into, which makes these materials
relatively easy to deform (with little force applied to them).

® The thicker these kinds of materials are, the more they reduce peak forces because this increases the total time the collision
takes.

® Making a material more densely packed with smaller and smaller spaces does not necessarily reduce peak forces. Such increased
density may actually have the opposite effect.

® The more you can spread the peak forces out over a larger area or over more points of contact, the less force is applied to each
point of contact; this can reduce the amount of damage on the object you are trying to protect
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17 - NAVIGATION

MATERIALS: Reading: Anatomy of a Bike Helmet

5 min

Connect to a prior sports-related phenomenon and the design problem students have been working on. Remind students that they have
been considering their own design problem for a few lessons now and that earlier in the unit they had looked at how some sports have a risk
of concussions due to head collisions. Ask students to consider how what we summarized what we have figured out could be applied to both

of these contexts. Show slide O. Give students 3 minutes to discuss these questions with a partner.

RJ/ Assign the home learning. Show slide P. Distribute Reading: Anatomy of a Bike Helmet. Emphasize that this reading will discuss the
design of one type of protective headgear to prevent concussions related to collisions people can experience from riding a bike and
that the information in the reading will include ideas that students will need to use on their assessment in a couple of days. Explain that

assessment will come after they first revise their own designs and will involve evaluating protective headgear for preventing concussions in a

different sport.
ASSESSMENT Building towards: 13.C Critically read a scientific text adapted for classroom use to determine how concussions
OPPORTUNITY can result in breaks in the axons of neurons (structure) and why this can lead to memory loss (function), how a

snug fit (structure) for a helmet would affect its performance (function), and how other changes in the structure
of cushioning material (in a helmet) would affect its performance (function).

What to look for: Use of structure-and-function relationships in the responses to the following questions:
e Question 1and 2 should include the ideas that

concussions can result in breaks in the axons of neurons (structure),

new connections between neurons is how memories are stored, and

breaking such structures would result in memory loss (function) which could tend to accumulate or
get worse with each additional concussion.

e Question 3 should include the ideas that

a snug fit increases the surface area or points of contact between a helmet and the head,

this would spread out the forces applied to a larger section of the head,

this would reduce the strength of peak forces on any particular section of the head in a collision, and
this would improve its ability to protect the head from a concussion in a collision because the kinetic
energy of the objects would be higher if there was not a snug fit.

e Questions 4 and 5 should include responses that

cracks or dents in cushioning material change its physical structure and
any changes in structure could affect how effectively it can reduce peak forces in a collision.
Students may mention a variety of reasons why effectiveness of the cushioning material would be
reduced, such as these:
¢ reducing how much it can deform,
¢ changing how springy it is (its force-to-deformation ratio),
e changing the elastic limit of the pieces that aren't broken,
e or that the now-broken-up structure may no longer be able to spread out the force across a
larger area,
¢ and, in the case of the dent, reducing the number of points of contact with the head, thereby
increasing the amount of peak force on the remaining points of contact.

What to do: Review this after you collect it at the start of Lesson 14 and return it to students before you start
Lesson 15. Provide guidance or feedback to students in time for them to use it to prepare for the Lesson 15
assessment that uses a related protective headgear design context.
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ALTERNATE
ACTIVITY
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Extension: The Centers for Disease Control and Prevention (CDC) has extensive information for parents,
teachers, coaches, and students about head injuries. These resources are available at https://www.cdc.gov/head
sup/resources/index.html and include training courses, customizable materials, public service announcements,
and podcasts.

Universal Design for Learning: To increase relevance for students, consider downloading and printing the
following:
e concussion fact sheet for athletes: https://www.cdc.gov/headsup/pdfs/youthsports/factsheet_athletes
_ages14-18-a.pdf
¢ Spanish language version: https://www.cdc.gov/headsup/pdfs/youthsports/esp/athletes_Span.pdf
¢ bike helmet safety fact sheet: https://www.cdc.gov/headsup/pdfs/helmets/HeadsUp_HelmetFactShe
et_Bike_508.pdf
Students might also be interested in reviewing training materials, viewing the concussion-related videos, or
listening to podcasts with their families.
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LESSON 14: How can we use our science ideas and other societal wants and needs to
refine our designs?

PREVIOUS LESSON We developed a model to represent how the structures of materials compare in the top four performers for peak force reduction. We used scaled-up versions of
these structures to generate data using slow-motion video about the unobservable mechanisms at work in the system. We carried out an investigation to
determine how the amount of force applied to different points of a cushioning structure is affected by the shape of that structure.

THIS LESSON We redesign our device using our science ideas and consider the implications of those changes. We share our

redesigns with stakeholders to get new perspectives and feedback. We use the new stakeholder considerations
to evaluate the potential design materials and use weighted considerations to analyze the choices. We reflect on
the consequences of those potential changes based upon stakeholder feedback.

PUTTING PIECES TOGETHER

2 days

i

NEXT LESSON  We will evaluate other engineers’ design solutions to protect cheerleaders from concussions in collisions using the science and engineering ideas we have figured

out over the course of the unit. We will design our own solution and argue how it takes into consideration the criteria, constraints, and trade-offs in the proposed
solution. We will revisit the DQB to take stock of the questions we have answered.

BUILDING TOWARD NGSS | WHAT STUDENTS WILL DO

MS-PS2-1, MS-PS2-2, MS-PS3-1, | 14.A Optimize the performance of a design by prioritizing the particular functions and properties of materials based upon stakeholder feedback to
MS-ETS1-2, MS-ETS1-3, MS-LS1-8 | assess the relative effectiveness of the materials.

14. B Engage in a quantitative analysis using prioritized scores and consider the trade-offs of prioritizing particular uses and functions of materials
to assess their relative effectiveness for the optimization of the design.

WHAT STUDENTS WILL FIGURE OUT

¢ Most designs will not meet every criterion and constraint perfectly.

¢ When engaging in an engineering design problem, trade-offs will occur based upon stakeholder feedback.
e Some stakeholder considerations will have a higher priority than other considerations.

¢ Every trade-off has consequences.
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Lesson 14 - Learning Plan Snapshot

e

5 min REVISIT MATERIALS TESTING RESULTS
Look back at what we have learned about material properties and structures.
2 15 min REVISE DESIGNS Drafting Our Protection Device Design from Lesson 11,
Revise designs using protective material science ideas. Redesigning Your Protective Device
3 5min UPDATE CRITERIA AND REVISIT CONSTRAINTS Whole-Class Criteria and Constraints chart from Lesson 11
Look back at the Whole-Class Criteria and Constraints chart from Lesson 11. Refine what
it means to be a protective material in criteria, and revisit constraints.
4 10 min DISCUSS TRADE-OFFS USING A COMMON EXAMPLE
Look at a commonly used protective device to analyze potential trade-off decisions
made by engineers and determine that even professionals have to make trade-offs.
5 8 min HOME LEARNING Redesigning Your Protective Device, Stakeholder Feedback
Go over Stakeholder Feedback Form and plan to receive stakeholder feedback. Form
End of day 1
6 5 min SHARE FEEDBACK FROM HOME LEARNING Redesigning Your Protective Device, Stakeholder Feedback
Learn about market research and share stakeholder feedback with a partner. Form
7 15 min UTILIZE A DECISION MATRIX Redesigning Your Protective Device, Stakeholder Feedback
Use a decision matrix to compare material trade-offs for the protective device designs. Form, Decision Matrix, Additional Material Considerations
Matrix
8 15 min @ USE TRADE-OFF THINKING TO ANALYZE DESIGNS Stakeholder Feedback Form, Decision Matrix, Additional
— Determine primary, secondary, and tertiary rankings of criteria. Use those rankings to Material Considerations Matrix, calculator (optional), 2 rulers
alter the overall score of each material. (optional)
9 8 min [@ CONSIDER CONSEQUENCES OF TRADE-OFFS Redesigning Your Protective Device, Decision Matrix
— Consider the potential consequences of changing materials or elevating certain criteria
or constraints above others based upon stakeholder feedback.
10 2 min NAVIGATION
Look ahead to synthesizing information in an argument.
End of day 2
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Lesson 14 - Materials List

e gy T

science notebook ¢ Whole-Class Criteria and Constraints chart from Lesson 11
Drafting Our Protection Device Design from Lesson 11

Redesigning Your Protective Device

Stakeholder Feedback Form

Decision Matrix

Additional Material Considerations Matrix

calculator (optional)

2 rulers (optional)

Lesson materials

Materials preparation (15 minutes)

Review teacher guide, slides, and teacher references or keys (if applicable).
Make copies of handouts and ensure sufficient copies of student references, readings, and procedures are available.

Ensure all students have their copy of Drafting Our Protection Device Design from Lesson 11.

Get out and have ready to post the Whole-Class Criteria and Constraints chart from Lesson 11.
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Lesson 14 - Where We Are Going and NOT Going

Where We Are Going

Students will engage in the design revision process to quantitatively evaluate the optimization of materials for designs. Using the revised design, students will receive feedback from
stakeholders on potential considerations and trade-offs from the stakeholders’ perspectives. Students will then engage in a systematic process of evaluating their materials for design solutions
(ETS1.B; ETS1.C) and interpret the quantitative data produced from the ranking of stakeholder considerations based upon stakeholder feedback.

Where We Are NOT Going

While we may be prioritizing criteria and assigning them numerical scores dealing with the design trade-offs, we will not be sequencing the subproblems that need to be solved in order to
systematically optimize the design. The consequences of each trade-off and prioritization will not be purposefully analyzed from a cultural standpoint, economic standpoint, or any other
sources of stakeholder resistance to the solutions. Environmental impacts are listed for students to use as possible considerations in their materials selection, but no time will be spent
analyzing whether the design solutions meet the stakeholders’ acceptable level of social and environmental impacts associated with those considerations.
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LEARNING PLAN for LESSON 14

1- REVISIT MATERIALS TESTING RESULTS > min

MATERIALS: science notebook

Recall previous learning. Display slide A. Say, Think back to last class. What did we learn about the role of shape, thickness, or properties of
protective materials that we should be using in our designs?

Give students time to turn and talk with a partner about the prompt on slide A. After a moment, ask students to share their ideas with the
whole group. As students are sharing, listen for the following ideas to be discussed:
Protective materials should have space (or air) for the solid materials to deform into.
¢ Protective materials should deform a lot when relatively weak contact forces are applied to them.
¢ The outer surface of those materials should be placed in an area where they will make contact with the damaging, colliding object.
¢ The inner surface of those materials should make contact with as large an area as possible on the parts of the body or object they
are protecting.
¢ The thicker the protective material is (not always more dense), the more it will reduce peak forces.

If these ideas are not mentioned, ask students to look back at their diagrams from Lessons 12 and 13. Ask students what they notice about
the materials that are contributing to a reduction in the peak forces on the object they are protecting.

ADDITIONAL The ideas about the properties of a material that provide more protection and how these properties contribute

GUIDANCE to a reduction in peak force on an object will be utilized as students revise their designs. If some students need
a more-concrete version of this list, consider writing these ideas down on a piece of chart paper or whiteboard
in the front of the room to serve as an idea list for the redesign and potential new selection of materials for their
protective devices.

Say, It seems like we have learned a lot about the properties and structures of protective materials! Let’s see if we can apply this to optimize our
designs.

2 - REVISE DESIGNS 15 min

MATERIALS: Drafting Our Protection Device Design from Lesson 11, Redesigning Your Protective Device

Introduce Redesigning Your Protective Device. Display slide B. Instruct students to get out their handout Drafting Our Protection Device Design
from Lesson 11. Explain that students will get a chance at revising their old design from Lesson 11 to reflect the current understanding of
materials and how they help reduce peak forces in a collision. Using a fresh, new handout to record their protective device redesign will allow
students to keep a record of their first iteration of their designs as they draft their new ideas. Distribute Redesigning Your Protective Device to
students and go over it with them. Begin by pointing out the box where students will be drafting their redesigned protective devices. Make
sure that students know they will be redrawing their ideas in this box, using their old designs on Drafting Our Protection Device Design as a
starting point. Direct students to then look at the table on the next page. Explain that this table will walk students through considering what
changes they are making and why. Column 1asks students to list the changes that are being made, column 2 asks students to give their
reasoning for the changes based upon their science ideas, and column 3 asks students to think about what effects those changes will have
upon their system. Because this chart is new, tell students that we will do an example together based upon a design to protect a car side
mirror in a parking lot.

Display slide C. Point out that the chart on the slide is a copy of the chart on their handouts.

openscied.org Unit 8.1 Lesson 14 - 10/1/25 Page 281



Say, Imagine that | had designed a protective device to put onto the side mirrors of my car when | am parked in a parking lot to avoid scratches and
bumps. Originally | had made a design that was a box of wood because | thought it would be really sturdy, but | didn't think about the energy
transferring through the wood. Now | have changed my design to be made of the same foam as earplugs.

Display slide D. Point out to students how the change is documented in the first column.

Say, Now I need to think about how I can justify this change using my science ideas. | made the change from wood to foam because foam deforms
more and can be shaped to spread the impact out over a larger area when it is being deformed. The wood would get bumped and then would just
bump right back into my mirror!

Display slide E. Point out to students how this rationale is documented in the second column of the chart.

Say, Finally, I have to think about the change on the overall structure of the device. There are positive and negative effects that would happen if | use
foam as my main material instead of wood. I like the idea of foam better, but | think that making it out of foam will have an effect on how durable it
is. | decreased how durable my design is since the wood would definitely hold up better over time. Also, foam just can't be nailed together like wood.
Because it needs special glue or something to create, it will also be a lot harder or take more time to create and sell. On the other hand, the foam will
be easier to store since it can deform and probably fit under a seat in the car.

Display slide F. Direct students to look at the documentation of these ideas in the third column.

Tell students that they will be given time to work on this redesign. Explain that if students have made more than 3 major changes to their
designs to focus the chart on the biggest changes made based upon their science ideas. Give students 10 minutes to work on their own to
complete Redesigning Your Protective Device.

3 - UPDATE CRITERIA AND REVISIT CONSTRAINTS > min

MATERIALS: Whole-Class Criteria and Constraints chart from Lesson 11

Bring the class back together. Display the Whole-Class Criteria and Constraints chart from Lesson 11. Recap that up until this point our
designs have focused on what materials will best help our designs protect our objects. We have spent some time learning about the
materials’ properties and thinking about how best to meet those criteria. Point out that while we have done a great job addressing what we
mean by good shapes and protective materials and incorporating our science ideas into our design, we also said that we have constraints to
consider.

Say, When we started to design our devices, we created a Criteria and Constraints chart. Other than our criteria, what else did we say we needed to
consider as a class?

Allow students time to share out the items in the "Constraints” column. If students would like to add more constraints than currently listed on
the chart, add those to the chart at this time.

Continue discussing the constraints list with students. Determine that different devices will have different constraints depending on the use

of the object being protected and that all constraints may not be met perfectly for the practical use of the device. Example prompts and
responses are located in the following table.
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Suggested prompt Sample student response

This is a long list of constraints. Would every constraint apply to No.
everyoneés individual protective device design?

Interesting. Let’s look at our list. Which constraints may be design- (Accept all valid responses.)
specific?
(Students may mention ideas like designs needing to be
waterproof or having size constraints.)

OK, let’s think about each of the constraints that do apply to your My device met most of the constraints.
devices. Looking at the constraints that are important to your device,
did your device meet those constraints perfectly? My device met the criteria, but | had to prioritize my constraints.

(The majority of students will say that their device did not meet
every single criterion and constraint.)

So what | am hearing is that our designs don't seem to meet all the Yeah, different devices have different considerations, and some
criteria and constraints, but we tried to make the best decisions have too many considerations to make everyone happy.
possible for our devices. Do you think that other protective device

designers have to make decisions about what to prioritize as well? The number of and reasoning behind different considerations

might make it hard for a single design to meet the criteria and
constraints perfectly.

Some people may have conflicting criteria and constraints, so
both can't be met perfectly. There has to be some compromise.

Say, It’s interesting that device designers seem to have to make the best decisions based upon the need and considerations of those that the device
affects. It also sounds like some considerations are more important than others in most designs, and sometimes compromises need to be made. Do
you think that a professionally designed item would also have some of these compromises in its design? Let’s take a look at a common protection
device together to see if actual engineers have had to make the same kinds of decisions.

4 - DISCUSS TRADE-OFFS USING A COMMON EXAMPLE

10 min

MATERIALS: None

Discuss trade-offs with knee pads. Display slide G. Ask students to turn and talk about the questions on slide G.

¢ What are some constraints that would apply to this protective device?

¢ Are there any constraints that the design would have that are more important than others?
Ask students to share their ideas with the class. Students should identify the constraints of size, cost, type of material used, shape, ease of
use, reusability, and others as considerations that a designer would have to keep in mind when creating this device.

Discuss trade-offs. Remind students that we learned about trade-offs in the Tsunami Unit and Homemade Heater Unit. Trade-offs are when
criteria or constraints have to be weighed against each other to make an informed decision. When designers of these devices are weighing
the options and the relative importance of criteria or constraints, they are making trade-offs. Ask students about the trade-offs made during
the designing of the kneepad. Example prompts and responses are located in the following table.
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ADDITIONAL The term trade-off was utilized in Tsunami Unit to explain why students did not agree on the best choice for a

GUIDANCE tsunami-mitigation design. Trade-off thinking was discussed as weighing criteria and constraints against each
other, and then those were used to determine which were more important to make an informed decision about
what structure to utilize in a tsunami-mitigation design problem. The effects that these trade-offs had on other
criteria, systems, or groups were also explored. Trade-offs were also explored in the creation of a device to heat
an MRE in Homemade Heater Unit. In that unit, trade-offs were weighed to determine acceptable ratios of
materials and their heating abilities. If students have not had exposure to the Tsunami Unit or Homemade Heater
Unit, spend some time discussing how trade-offs can affect other aspects of the system, stakeholders, and
other groups. The term trade-off can be added to the Word Wall if needed.

Suggested prompt

Sample student response

Looking at this kneepad device, what do you think are some criteria
and constraints that would apply to this device, both from a science
idea perspective and the perspective of someone who is going to use
it?

We have mentioned a lot of things that a designer would have to
consider when creating this protective device. What might be a trade-
off a designer of a knee pad would have to consider regarding the size
of the pad and the safety of the player?

So youre saying someone had to make a choice, or informed decision,
about what feature was worth more in a design, even though size and
safety are both important to the design?

openscied.org

| think that the device would have the criterion of being
protective.

The device would need to be comfortable.

| would need to be able to move easily with the device on, so the
device can't come out from my knee too far.

It needs to come on and off easily when | am sweaty.
It would need to be affordable.

| think the device can't be too long. That might affect my ability to
move my leg if it is too long.

It needs to look cool and match the team colors.

It definitely needs to be reusable and hold up to damage.

The bigger the size of the knee pad, the more potential for
protection there is for the player, but the larger the knee pad, the
less mobility or movement the player would have.

Yeah, they had to look at the design and think about what would
actually work when playing the game.
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Suggested prompt Sample student response

Do you see any other trade-offs that were made, and why do you The design could have a much chunkier shape, but then it

think they made those trade-offs? wouldn't look as good, so they had to think about what people
would buy versus what is safe. | don't think people would buy it if
it were chunky.

They could have added more materials, but then maybe it would
weigh too much for it to stay up on a kneecap area during the
game. They had to limit the amount of materials used so the
device is actually usable.

| bet they could have used a better protective material on the
inside around the kneecap, but when you are sweaty it may slide
up or down. Keeping it in place is probably more important than a
small boost in safety.

(Accept all other trade-off-related responses.)

Say, It seems that these trade-offs you are mentioning are very purposeful. It appears the designer really thought about the effects each change
would have on the device and what would be important for safety but also user friendly at the same time. They had to make choices that they felt
optimized the design but stayed within the limits of the device.

Consider sources of feedback. Project slide H. Have students turn and talk with a partner about the prompts on the slide.
¢ If we were to think about trade-offs for our devices, who would we need to consult to make sure we were making an informed
decision about what was important?
¢ Why would we need to consult and consider the feedback of others in the first place?

Ask students to share their ideas about the first question with the class. Students should identify the following people:
e the people who know the science behind the design
¢ those who will use the design
e those who will benefit from the design
¢ those who are impacted by the design

Ask students why we would need to consider feedback from others in the first place. Students should respond that without their feedback it
may not meet their needs and people may not buy the design.

Say, OK. We have done a great job learning about the science behind our designs, but if we are going to make our devices better, we need input from
people who will use the designs, benefit from the designs, or be impacted by the designs. This group of people is referred to as stakeholders. We need
to consult at least some of our stakeholders.

Remind students that in the Tsunami Unit we learned about stakeholders. Stakeholders are the people who have interest in or concern for
something. As we redesign our protective devices, our stakeholders will be the ones who would eventually use and/or purchase the devices.
We could make the safest design in the world, but if our stakeholders would not purchase it or use it, then the design is useless. Stakeholder
feedback will be needed and very important to the design of our protective devices.
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5. HOME LEARNING

MATERIALS: Redesigning Your Protective Device, Stakeholder Feedback Form

8 min

Prepare stakeholder feedback form. Explain to students that we have a form to use that will help us get feedback from stakeholders. The
form is set up to ask the stakeholder questions based upon the design type and will help get targeted feedback to help optimize the design.

Explain to students that sometimes when we think about giving feedback on designs, we limit our thinking to just critiquing a specific design
and the choices made in that specific design instead of considering the possibilities of what could be created if a totally new, never-before-
seen design was being made. To make sure we don't limit our feedback, we will first need to get ideas from stakeholders about our potential
designs without the stakeholders being influenced by our designs.

Tell students that this can be done by either discussing designs that are already in use or by asking stakeholders generally what they would
like to see in that kind of protective device design. This way students will be able to figure out what considerations are truly important to
them without stakeholders feeling that they are being critical of the student’s design. After that, we can then introduce our design and get
more-targeted feedback on our design and trade-offs.

Distribute Stakeholder Feedback Form. Start by pointing out the two different parts to the handout. Part 1is all about preparing and organizing
our ideas to share with our stakeholders. Part 2 will be where we record the feedback from our stakeholders. Tell students that we will be
going through part 1 together, and part 2 will be home learning.

Introduce the decision tree. Project slide I. Explain that step 1 will help us know what to say to our stakeholders depending on our type of
device. Walk through the decision tree in step 1, pointing out the two different columns on the slide that correspond with the columns on the
handout.

Say, Look at your design on Redesigning Your Protective Device. If you have designed a protective device that you think improves upon existing
designs, like making an improved cell phone case, you will use the prompts in the first column. If you are creating a novel design for an object and
there is no current protective device already available, use the prompts in column two. Let’s use some time right now to complete the column that
applies to your design.

Give students time to complete the column that is applicable to their design. Circulate and verify that students are using the correct column
for their design.

Explain step 2. Project slide J. Next, direct students to step 2 on their handout. Explain that the table will help students think about their
design trade-offs and organize them so they can more-easily share their design decisions with their stakeholder. In the first column students
will list the trade-offs used in their design. In the second column, students will give the rationale for the trade-off choices. Explain that the
rationale is important to share with the stakeholder since a quick viewing of the device design may not allow the stakeholder time to consider
the impact of trade-offs associated with certain design decisions.

Go over the home learning with students. After explaining the table, move on to the home learning portion of the handout. Point out that
step 3 is going to have students use the script identified in step 1 when discussing potential designs with their stakeholder. In part 2 students
will get ideas from the stakeholders before sharing their design. Tell students that it is OK if they want to ask more than one stakeholder, and
if they run out of room they can write on an additional piece of paper or in the margins of this home learning handout.
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Universal Design for Learning: Engineers
routinely engage stakeholders in the
feedback process. As students work as
engineers they will engage in these same
processes to refine their designs. When
students utilize the stakeholders in their
communities to refine a design of their
choosing, authentic engagement in the task
increases as students see themselves, their
decisions, and the effects that they can have
on their communities. This will help students
express solutions that are more relevant for
their personal stakeholders and therefore
ultimately more optimized for the problem
they are trying to solve.
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ADDITIONAL This feedback will be important to obtain before the next class period. Due to dynamics outside of the school

GUIDANCE day, it may be important to provide some time during class for students to get feedback from others. If
students finish steps 1-2 early during class, it may benefit them to start receiving feedback from another
classmate. Remind students that feedback can come from any type of stakeholder (those impacted by the
design, those that use the design, and those that benefit from the design). Other teachers, support staff, or
administration can also be stakeholders for some devices. If students come to the next class period without the
feedback completed, have students quickly get feedback from any available stakeholder.

On step 4, explain that students will use the trade-off table they will complete in step 2. They will share their decisions with their stakeholder
and ask their stakeholder if they have any additional considerations or ideas. They will document those ideas in the table below step 4.

Finally, step 5 is asking the stakeholder to do a review of the product. Tell students that it is OK to give the paper to the stakeholder for them
to record their review. Students should make sure to let the stakeholder know that it is important to be honest so that the review can be used
to optimize the design. Remind students that stakeholders are anyone impacted by the design, which means stakeholders can be other
teachers, students, neighbors, friends, or even siblings or other family members.

Allow students to work on the trade-offs table in step 2 until the end of the class period. As students are preparing to leave class, remind
them to take home both Redesigning Your Protective Device and Stakeholder Feedback Form to get feedback from their stakeholders. They will

collect feedback on their design from a stakeholder as their home learning, and the feedback will be used in class next time to consider
design revisions.

End of day 1

6 - SHARE FEEDBACK FROM HOME LEARNING

5 min

MATERIALS: Redesigning Your Protective Device, Stakeholder Feedback Form

Draw parallels to market research. Project slide K. Explain to students that during their home learning they engaged in something real
engineers do to get feedback from stakeholders. This is called market research. Companies and designers use different methods such as
conducting focus groups, reviewing stakeholder thoughts on existing designs, analyzing stakeholder data from existing designs, and
conducting large polls. But they also go and ask the consumers directly, just as students did during their home learning task. Explain that
engineers also collaborate to create an optimal design, and the more stakeholder feedback that is received, the better the potential the
design has to meet the needs of the stakeholders as a whole. Because of this, we are going to have an opportunity to share our feedback
from our stakeholders with someone else in our class.

Share stakeholder feedback. Project slide L. Tell students that they can use the prompts on slide L to share their feedback from stakeholders
with their partner. If their partner shares some good feedback or a trade-off that they think is important, they should add it to their handout.

Circulate as students are sharing the feedback they received from stakeholders on their devices. Listen to what trade-offs and feedback
students were given by stakeholders and what trade-offs students would consider in the revision of their designs. Bring the class back
together after the partners share to discuss the trade-offs and feedback shared by the stakeholders.

Say, I heard a lot of different trade-offs that were mentioned by stakeholders, like ___, , and . It sounds like some of these trade-offs might

be useful in our designs, while other pieces of feedback may not be as useful. Now that we have had a chance to talk to our stakeholders, let’s think
about the things our stakeholders are prioritizing and determine if those changes would actually help to optimize the design.
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7 - UTILIZE A DECISION MATRIX

MATERIALS: Redesigning Your Protective Device, Stakeholder Feedback Form, Decision Matrix, Additional Material Considerations Matrix

15 min

Say, Some of our trade-offs or suggestions mentioned by our stakeholders seemed to be practical, like it has to hold up to repeated uses or that it
needs to be a certain size. Others, like how the design looks, should be considered too, but we may not think they are as important. We have to
remember that to a stakeholder all of their feedback is important, so we need to consider all the feedback and trade-offs. When we think of potential
stakeholder criteria such as durability, reusability, environmental friendliness, and protectiveness of our device, we are really evaluating the use of the
materials that the design is constructed with.

Explain to students that before engineers build their designs, they take into account the materials. Designing and redesigning prototypes can
get expensive, so engineers try to get the majority of the issues resolved on paper before building the prototype. Tell students that in order
to make sure we are using the right materials that align with the stakeholders’ feedback, we will get a chance to use a matrix to assess how
well each material will potentially work for our designs*.

Distribute Decision Matrix. Project slide M. Pass out a copy of Decision Matrix to each student. Explain that students will be looking at the
materials and considering how well they meet the stakeholder considerations and our science ideas. Students should remember using a
matrix to evaluate choices in designs in the Cup Design Unit, Tsunami Unit, and Homemade Heater Unit. Tell students that we will add to our
matrix just like we did in those units and focus on our material choices as we evaluate the trade-offs of each design. Tell students that just like
in prior units, we will use the 1-to-5 scale to rate how well each material meets the considerations of the stakeholders, with 5 being the best
and 1 being the worst.

Begin by having students look back at their designs on Redesigning Your Protective Device and their feedback on Stakeholder Feedback Form
and think about the different materials they are considering for their device. Point out the “Material choice” column on their blank matrix.
Have students list these potential materials in that first column.Tell students that we will get to compare and evaluate these materials once
we determine our important considerations that we want to use to rate these materials against.

Say, We will be starting with a blank matrix since we all have different objects we are protecting. Part of the matrix will have to be completed on your
own, but there are criteria that we can all agree upon. Let’s record that together. What are those criteria?

Elicit responses from students. Students should say that one criterion is that the device needs to be made of materials that are good at
protecting our objects. Ask students how we know that a material is protective. Students should respond that the material would reduce peak
forces on the object it is protecting. Since students have already spent time exploring and naming the properties a material’s structure has to
have to make it protective, explain to them that we will just use the criterion of force reduction on our matrix. Direct students add this to our
matrix by writing “force reduction” in the red space under column head “Consideration #1".

Direct students to think about other considerations that they or their stakeholders thought were important. Ask students to share 2-3 more
examples and show them on the slide where those considerations would be added to the matrix. Have students think about considerations
specific for their designs and list them under the other "Consideration” columns on their own handouts.

Say, Now that we have thought a bit about what we want to evaluate for our material choices, we need to start assigning ratings to how well
potential design materials meet our needs. Luckily, scientists and engineers have done many tests on the materials we have analyzed so far, and we
were able to get some of that data to use in our redesign.

Establish reliability of data. Project slide N. Explain to students that data for commonly used packaging materials were assembled for our
use by the Michigan State University School of Packaging. This specific school at Michigan State University is focused on studying (and
teaching) all aspects of packaging and packing materials. Researchers who work there took our list of common materials from Lesson 11 and
ran the same amount of each material through a Life Cycle Analysis (LCA) program that is used to look at completed package designs. They
were able to assess the environmental impacts of each material. The university also used some of their preexisting data on the same
amounts of materials to rate each material in the other categories shown.
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% SUPPORTING STUDENTS IN
DEVELOPING AND USING
STRUCTURE AND FUNCTION

In previous lessons, students have worked to
uncover the properties of the small and
microscopic structures of protective
materials that aid in the reduction of peak
forces on objects. In this lesson, students
shift from thinking about the structure and
function of the individual parts of the
material to how well the material structure
fits the design considerations based upon
those properties for the use of the material
within the overall system of our protective
device design.
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Explain categories. Go over each category with students. Tell students that if they find a relevant category they should add it to their matrix
as a new consideration. The ratings are given as a comparison from one material to another. Below is a description of each category:
¢ Force reduction- how well the material reduces force on an object that it is protecting (The better the score is, the better the device
does at reducing peak forces.)
Reusable- It can collide with other objects again and again and still be reused.
Robust- how well the device will work to protect heavy objects in a collision
Recyclable- how easy it is to recycle the material based upon availability of recycling sites for that material
Biodegradable- how well the material will biodegrade when thrown out
Low material cost- how cheap the material is for the same size sample
Low cost to work with the material in a design- how inexpensive it is to pay a worker to use that material to create a design solution
Water used for production- how much water goes into the creation of that material
¢ Does not contribute to climate change- how small of an impact the creation of the material has on climate change
Ask students to copy any relevant considerations that they would like to use from this list onto their matrix.

Present data for student analysis. Project slide O. Distribute Additional Material Considerations Matrix to students. Show students the 5-point
rating scale that has been used, which matches rating scales used in previous units. Remind students once again that to have a rating of 5
means that it works well with that consideration. A rating of 1 means that it does not work well with that consideration.

Transfer data to the Decision Matrix. Project slide P. Tell students that in a moment they will transfer only the data that apply to their
materials and design from Additional Material Considerations Matrix to Decision Matrix. Remind students that the ratings were done
comparatively, so the materials were compared to each other to create those ratings. If students are going to consider materials not on
Ad(ditional Material Considerations Matrix, have them think about how well the material would do compared to the others for each
consideration and assign it a fair rating on the scale of 1-5. Tell students they can ask a partner to help verify any newly developed ratings as
they are transferring the data to the Decision Matrix. Allow students time to transfer and develop ratings.

8 - USE TRADE-OFF THINKING TO ANALYZE DESIGNS 15 min

MATERIALS: Stakeholder Feedback Form, Decision Matrix, Additional Material Considerations Matrix, calculator (optional), 2 rulers (optional)

Establish a need for ranking criteria. Once students have had a chance to fill in the data on the matrix, bring them back together as a class. %k SUPPORTING STUDENTS IN
Project slide Q. Have students turn and talk with a partner about the question on the slide. ENGAGING IN USING MATHEMATICS
¢ Use your “Total points” column to total up the ratings for your particular design. AND COMPUTATIONAL THINKING
¢ If we were to look at the ratings and select the best material based upon which material has the highest overall rating, would that be

the best material for the design? Why or why not? While students have had experience

prioritizing criteria and constraints in the
Tsunami Unit and Homemade Heater Unit,
they had not quantitatively considered the
impacts of the prioritization of these
considerations. In this lesson, students
prioritize stakeholder considerations and
assign numerical rates to the different
consideration priority levels in an effort to
quantify the data. Multiplication is used to
weight higher-ranking considerations against
other, lower-ranking considerations. By
comparing the new total scores for each
material, students are able to get a picture of

Ask students if there are other considerations that are still important to the functionality of the device, but may not be a primary which material best meets the needs of the

consideration. Allow students to give a couple of examples of these considerations, such as the consideration of reusability. design. As students progress into 'the higb
school SEPs, they may modify this thinking

Say, OK, now we have all our important data and considerations rated together on one page. If we were to just go across the chart and look at the
material with the highest total points, would that material be the best for the design? Why or why not?

Review primary and secondary considerations. Allow students to respond. Students will mention that while some materials are rated lower
in force reduction, the other considerations bring up the overall score. Remind students that in Tsunami Unit we determined that some
considerations were more important than others. We reviewed our criteria and constraints and labeled the most important considerations as
primary and the others as secondary.

Ask students, If we were to establish a consideration across all materials that was the most important, what would it be?

Students should respond that the primary goal of reducing peak forces on the object would be the primary consideration. Have all students
put the letter “P” for primary above the "Force reduction” column.
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Remind students that in the past we have used the secondary consideration designation for these criteria and constraints. Explain to
students that we will label the consideration columns that fall into this category with the letter “S” as secondary considerations.
% Introduce tertiary considerations. Project slide R. Say, Since we are working with stakeholder input, all of the input is valuable. But, we also
| know that some input is more valuable than others. Some stakeholder considerations are based around the actual function of the device, and
some may be superficial. Because of this, we will be adding a third level of classification called tertiary considerations.

Explain that this third level of classification falls below the rank of secondary considerations. It will be the least important of our
considerations when working with a material. Tell students that now that we have an established prioritization system, we will start assigning
our considerations as primary, secondary, or tertiary.

Determine primary criteria. Ask students to look at their charts on Decision Matrix and start by determining what should be considered
primary criteria and label the space above these columns with the letter “P”. Remind students that the primary considerations are the most
important items to the stakeholders.

Determine secondary and tertiary criteria. After establishing primary considerations, students should look at the remaining considerations
and determine if they are of more or less importance. If any considerations are deemed to be of a higher importance, but not quite primary
criteria, students should label the space above these secondary criteria with the letter “S”. All other criteria should be labeled tertiary criteria
with the letter “T” in the space above their corresponding columns.

ASSESSMENT
OPPORTUNITY

Building towards: 14.A Optimize the performance of a design by prioritizing the particular functions and
properties of materials based upon stakeholder feedback to assess

What to look/listen for: Look for students to appropriately assign primary, secondary, and tertiary criteria based
on stakeholder feedback from Decision Matrix.

What to do

¢ Establishing primary considerations: If students are struggling with determining if they should assign a
primary label to a consideration, ask them if the stakeholder would consider not meeting that
consideration a “deal breaker” when deciding if they should purchase the device. Also ask students if
not having this consideration completely met would affect the device bad enough that it would
become unusable. If the consideration is that important, it should be labeled as a primary
consideration.

¢ Establishing secondary considerations: Ask students if they have any considerations that seem very
important to stakeholders, but the design would still function without meeting the consideration. If
this is the case for any consideration, then it is labeled a secondary consideration.

¢ Establishing tertiary considerations: Ask students if they have any considerations that might vary a lot
in importance from one stakeholder to another or considerations that seem superficial. If any
considerations fall into this category, students should label these as tertiary considerations.

Check criteria rankings with a partner. Display slide S. Ask students to share their labeling of primary, secondary, and tertiary criteria with a
partner. Tell students that engineers also do this, and it is referred to as checking for interrater reliability. Students should give their partner
feedback orally using the prompts on slide S. Students should adjust their rankings as needed based upon the feedback from their partner.

Compare overall scores of materials. Alter point values based upon rankings. Discuss ways to elevate the primary criteria and constraints
with students. Example prompts and responses are below.
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with gating criteria, or criteria that must be
met in order for the design to be evaluated
further, for each material before it is
evaluated quantitatively.

% ATTENDING TO EQUITY

Some students may need assistance with
the multiplication of a long set of numbers.
Offer these students the use of a calculator
that displays the multi-step equation as it is
added to the calculator. Remind these
students to use parenthesis where
appropriate. Some students may benefit
from the use of a ruler to keep track of
numbers on a line or two rulers to block out
unneeded data for the row and “chunk” only
the needed information together for each
material.
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Suggested prompt Sample student response

Let’s look back at our materials. We have ranked them as primary, Mathematically, each material still has the same value.
secondary, and tertiary, but if we add up the total values, did the

overall score change?

Why could this be problematic? We know certain criteria are worth more than others. We should

have a way to show that they are worth more.

How do you think that we can alter the scale so that the items we think | Maybe we can make them worth more overall points.
are the most important stand out?

OK. Engineers do this too using a process where they weigh different They should be worth more than the others.

considerations based on importance. We can do that by weighting our

scores. Let’s start with the most important stakeholder concerns. The Since we have primary, secondary, and tertiary, maybe they
primary considerations. How much do you think these should be should be worth three times as much as the rest.

worth?

So since we have three levels, the primary considerations should be Yes.

worth three times as much?
Yeah! That makes sense.

So what should the secondary concerns be worth? They should be worth two times as much since they are
secondary.

This means that the tertiary concerns can just stay the same value, Yes.

since the primary and secondary are weighted more than them. Are

we OK with that?

Project slide T. Allow students time to do the multiplication involved with weighting the scores and then the addition in totalling up the new
material score.%k % If some students struggle with how to do this multiplication, use the example on slide T to walk them through this process
of weighting the criteria, multiplying based upon the rating, and then adding up the total new points for each material.

Reflect on weighted scores. Project slide U. Have students compare pre vs. post weighted scores with a partner using the prompts on slide
U. After students have had a chance to share, bring the class back together. Ask students if they believe these scores are more reliable. Some
students may respond that these scores are more reflective of what the design needs to do, and some will be able to see a change in the
highest rated material for their design. Others may point out that there are some criteria that should be “gating” criteria, that if they do not
meet that criteria they should be automatically eliminated (they don't make it through the gate to the next round of consideration). Verify for
students that this process involves a lot of trade-offs from one aspect to another, and all criteria may not be met perfectly. But, by looking at
the different considerations from a stakeholder’s point of view we learn how to make the designs work for the consumers.

9 - CONSIDER CONSEQUENCES OF TRADE-OFFS 8 min

MATERIALS: science notebook, Redesigning Your Protective Device, Decision Matrix

Consider design optimization consequences. Say, Let’s think about some of these trade-offs we are now considering with the use of certain
materials. It is clear from our different ratings that certain changes and decisions have unintended consequences. By elevating certain criteria, we
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may be discounting something else important to the stakeholder, or by only looking at the total scores we may miss something else that is more
important to the overall rankings. Lets spend some time reflecting on these choices that we would like to make to optimize our designs.

Q/ Display slide V. Remind students that in the Homemade Heater Unit they worked with identifying what consequences their choices
] would have on the design and how that might affect stakeholders. Tell students they will consider the implications of trade-offs and
prioritizing of considerations.

Instruct students to create the chart on the slide on the next clean page in their notebook. Explain that in the first column students will write
their different decisions regarding their materials and design, according to their most recent matrix exercise. In the second column, students
will consider what affects these changes will have on other stakeholder concerns or input, and in the third column students will consider
what affects this design decision would have on the overall design of the device. Give students time to complete this trade-off and
prioritization reflection on their own.

ASSESSMENT Building towards: 14. B Engage in an analysis to consider the trade-offs of prioritizing particular uses and
OPPORTUNITY functions of materials to assess their relative effectiveness for the optimization of the design.

What to look/listen for: Students should list the design decisions they have made according to their redesign
table and decision matrix and explain the potential effects (which can be positive and negative) that each
design decision will specifically have on stakeholder concerns or considerations. Students also consider what
effect the decision will have on the overall design of the device and explain how those decisions impact the
performance of the design (which can be positive and negative).

What to do

e Column 1: If students need help listing their design decisions, direct them back to Redesigning Your
Protective Device. Ask students what changes were made to the design and have them list those changes
in column 1. Also have students look back at their decision matrix. Ask students what decisions they
made to assign primary, secondary, and tertiary criteria. If they prioritized one criterion over another,
have them add that design decision to column 1.

e Column 2: Direct students to look at their list of design decisions in column 1. Ask students, How would
this decision affect the people who use or rely on this device? Would those people have any additional
concerns because of this choice? Ask students these two questions about each design decision listed.

e Column 3: Direct students to look at column 1one last time and think about how these decisions
impacted the actual physical structure of the device. Ask students what would happen to the device if
they made a different decision, used a different material, or prioritized something else instead of what
they had chosen. Tell students to write those potential outcomes of different decisions on their device
structures in this third column.

10 - NAVIGATION

MATERIALS: None

2 min

Say, We have done a lot of work to ensure we are making informed choices for our designs. Now that we have some great ideas for how to improve
our designs for our stakeholders, let's take some time at the start of our next lesson to synthesize all the data and trade-offs. We can then craft an
argument to support our design for marketing purposes. We will also use our science ideas to evaluate some new protective designs!
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LESSON 15: How can we use what we figured out to evaluate another engineer's
design?

PREVIOUS LESSON  We redesigned our device using our science ideas and considered the implications of those changes. We shared our redesigns with stakeholders to get feedback.
We used the feedback to evaluate the potential design materials and used weighted considerations to analyze the choices. We reflected on the consequences of
those potential changes based upon stakeholder feedback.

THIS LESSON We evaluate other engineers’ design solutions to protect cheerleaders from concussions in collisions using the
science and engineering ideas we have figured out over the course of the unit. We design our own solution and
argue how it takes into consideration the criteria, constraints, and trade-offs in the proposed solution. We revisit

the DQB to take stock of the questions we have answered.

PUTTING PIECES TOGETHER
2 days

@)

NEXT LESSON In an optional extension lesson, we will develop a presentation to share with potential investors about the merits of our design. We will have the option to create
a scale prototype and test our designs with additional options to add visual aids to our presentations. We will present our design ideas to investors.

BUILDING TOWARD NGSS | WHAT STUDENTS WILL DO

MS-PS2-1, MS-PS2-2, MS-PS3-1, | 15.A Develop and use a series of models to represent (a) the relative strength of the forces (change and stability) being applied to three different
MS-ETS1-2, MS-ETS1-3, MS-LS1-8 objects and subsystems in contact in a collision, (b) in each case what interaction (cause) is producing this force (effect) on the object, and (c) the
direction of these forces in three different free body diagrams and use the ideas from these models to support or refute an argument for the effect

@ on peak forces on heads during a collision.

15.B Construct an explanation for why a design solution will optimize performance, including the prioritized criteria, constraints brought from
stakeholders, and trade-offs made when revising the design to meet criteria.

15.C Design a solution to a problem to reduce the damage to an object in a collision (by reducing peak forces) by considering the properties of
different materials and shapes being used to serve particular functions.

WHAT STUDENTS WILL FIGURE OUT

e Criteria inform the overall design solutions. Different criteria and trade-off choices will lead to different designs.
¢ All criteria cannot be perfectly met all the time for all designs; many times design solutions take into consideration trade-offs.
¢ We can answer many of our Driving Question Board questions.
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Lesson 15 - Learning Plan Snapshot

e e

3 min INTRODUCE THE DESIGN PITCH
Review the components and materials needed to put together a
proposal for student designs.

2 20 min CONSTRUCT INDIVIDUAL DESIGN PITCH B Redesigning Your Protective Device, Stakeholder Feedback Form, Decision Matrix, Final
Use Final Design Proposal to outline a product proposal pitch for Design Proposal
potential investors.

3 20 min @ PART 1 TRANSFER TASK C Part 1: Cheerleading Headgear Assessment, computer, projector, https://www.youtube.
Comeplete Part 1: Cheerleading Headgear Assessment com/watch?v=yaljRoKZVvg
independently.
4 2 min NAVIGATION Part 1: Cheerleading Headgear Assessment
Collect students’ transfer tasks.
End of day 1
5 25 min @ PART 2 TRANSFER TASK D Part 2: Cheerleading Headgear Assessment, 10 mini index tab flags of one color (e.g.
— green) and 10 of another color (e.g. yellow)
6 10 min @ REVISIT THE DRIVING QUESTION BOARD (DQB) E 10 mini index tab flags of one color (e.g. green) and 10 of another color (e.g. yellow),
— Revisit the DQB with the whole class and take stock of all the optional: chart paper, markers
questions we've now answered.
7 8 min QUICK WRITE: REFLECT ON OUR EXPERIENCES F
Students discuss what was challenging and rewarding about this
unit.
End of day 2
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Lesson 15 - Materials List

oo, T

Lesson materials e science notebook e computer
e Redesigning Your Protective Device * projector
e Stakeholder Feedback Form ¢ https://www.youtube.com/watch?v=yaljRoKZVvg
¢ Decision Matrix e optional: chart paper
e Final Design Proposal e markers
e Part1: Cheerleading Headgear Assessment
e Part 2: Cheerleading Headgear Assessment
o

10 mini index tab flags of one color (e.g. green) and 10 of another color (e.g. yellow)

Materials preparation (15 minutes)

Review teacher guide, slides, and teacher references or keys (if applicable).

Make copies of handouts and ensure sufficient copies of student references, readings, and procedures are available.

Prior to class be sure the video link works for part 1 of the transfer task. This will be played for the class as a whole; students do not need to watch individually.

For day 2, you will need 10 mini index tab flags of one color (e.g. green) and 10 of another color (e.g. yellow) for each student to use when revisiting the DQB. As an alternative to this, you may

wish to make an updated copy of Reviewing Our Driving Question Board for students to use individually before revisiting the DQB. These are reusable, so collect them at the end of one class to
reuse in the next class and to save to use across years.
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Lesson 15 - Where We Are Going and NOT Going
Where We Are Going

This lesson is the formal end of the unit.

Where We Are NOT Going

The next lesson (Lesson 16) is an optional extension for use after this end of the unit (this lesson) for classrooms that have a strong interest in building, producing, and testing physical
prototypes for design solutions students have been refining on paper in the previous lessons. It is assumed that not all students would be interested in that part of the design process, which is
the focus of other OpenScikd units, such as OpenSciEd Unit 6.2: How can containers keep stuff from warming up or cooling down? (Cup Design Unit) and OpenSciEd Unit 7.2: How can we use chemical
reactions to design a solution to a problem? (Homemade Heater Unit).

Classrooms that select this optional extension should consider that such testing would not necessarily have to occur immediately following the lesson, nor would it be optimal to occur during
classroom time. For students who are interested in this extension it could be offered at lunch or before or after school or could be pursued on their own at home. In all these cases, it could be

pursued in parallel with other instruction at a later point in the year. This would allow you to launch a new instructional unit immediately after this lesson, such as OpenSciEd Unit 8.2: How can a
sound make something move? (Sound Unit), which is the recommended scope and sequence for the OpenSciEd program.
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LEARNING PLAN for LESSON 15

1-INTRODUCE THE DESIGN PITCH 3min

MATERIALS: None

Introduce students to the synthesis task. Display slide A.

Say, When engineers are working on a design solution they will compile all their evidence, research, and data and use it to inform decisions as they
develop prototypes, drawings, and representations of their design solutions and write up their argument or recommendation of how and why a
solution should be designed before moving forward with manufacturing. In the first part of class today, you will use all the materials from Lesson 14 to
put together a design pitch for your design. Your design pitch should explain why your final design is effective and should be made. In your pitch
include the trade-offs you have made and how you justify these trade-offs to the stakeholders. How would you explain the consequences of changing
an aspect that the stakeholders were wanting in a design to something else, and how will this change benefit them and the design as compared to
their original request?

2 - CONSTRUCT INDIVIDUAL DESIGN PITCH 20 min

MATERIALS: science notebook, Redesigning Your Protective Device, Stakeholder Feedback Form, Decision Matrix, Final Design Proposal

Give students time to write their final proposal for their design. Project slide B. Tell students they should have out and be ready to use any
resource material from their notebook, their Redesigning Your Protective Device, their Decision Matrix, and their Stakeholder Feedback Form as
they complete Final Design Proposal. Pass out Final Design Proposal. Say, You may notice you already have ideas for some of the sections on this
handout on one of the handouts from Lesson 14. In that case, you may just be transferring your ideas to this document. Other sections may require
more thought. Read the questions carefully and compare them with the work you have already done on your designs. Some portions of the handout
may need only a little more revising or thought for your presentation proposal for potential investors.

ASSESSMENT This Final Design Proposal handout can be used as a formative for pre-summative assessment readiness. As

OPPORTUNITY students work through the handout, check in with them and/or ask probing questions of students who might
need additional assistance or guidance to gain some evidence or insight as to how ready students are for the
assessment. Some examples of how to support students as they work through the different sections of this
handout are included below:

Part 1: Introduce the problem and claims for a solution
¢ Students should already have thought through this and have it recorded on Stakeholder Feedback
Form. If a student is stuck here and not sure what to write, ask them to look back at this handout to
find the problem they identified and their solution claims that were presented to stakeholders. They
can simply transfer what they wrote there to this document, or they could summarize in new wording.

Part 2: Show off your solution
¢ Students may become overly fixated on drawing a detailed example of their device. Remind students
that they already have an example of their device drawn on Redesigning Your Protective Device that can
be transferred over to this handout. If students have included a lot of design details on their original
handout, ask them to just focus on the key features that investors would be interested in for the
marketing of the device.
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ASSESSMENT continued from previous page...
OPPORTUNITY

Part 3: Present your research
¢ In this section students explain what components they are keeping in their design and what
components they are not keeping in their designs based on feedback they received on Stakeholder
Feedback Form and in their notebooks when they explained constraints and prioritizations around
their design. If students simply need to see what they listed as primary, secondary, and tertiary, this is
available on Decision Matrix. They should be able to use these three pieces of data to complete this
section. Guide students to look back at these as they complete this section.

Part 4: Justify your design decisions
¢ Suggest students complete the first two columns first using what they have completed on Stakeholder
Feedback Form and Decision Matrix and what they have written in their notebook around why they
made the decisions they did for their design.
¢ Students have already spent time at the end of Lesson 14 considering the effects of each trade-off.
Refer students back to their notebooks to find their ideas over why these choices and prioritizations
were made.

Say, Though youve got some great ideas for how to improve your designs for our consumers, how could you use this way of thinking to evaluate and
test designs that other engineers come up with for any proposed collision mitigation design solution? You will now use what you have figured out
about contact forces and designing solutions and apply it to a new phenomenon scenario. This will be your final assessment of our unit.

3 - PART 1 TRANSFER TASK

20 min

MATERIALS: Part 1: Cheerleading Headgear Assessment, computer, projector,

Q/ Distribute Part 1: Cheerleading Headgear Assessment to each student. Show slide C. Take a few minutes to go through the directions
~] for the different sections of the transfer task. Then read the assessment introduction.

Show a cheerleading video to the class. Take a moment to show a video from the list below. Alternatively, any other cheerleading video that
shows the aerial gymnastics of the sport can be shown.

e https://www.youtube.com/watch?v=yaljRoKZVvg

o https://www.youtube.com/watch?v=R]YbgDFlexk

e https://www.youtube.com/watch?v=RgH-Eswé6Gpl

It is advised you should show at least half the video so students can see what this sport looks like, especially in a competition. This will help
them think about the idea of adding helmets to the uniform for cheerleading. Answer any questions students may have about what the
questions are asking of students. Give students time to complete part 1 of the assessment on their own.

ADDITIONAL Students may have a traditional view of cheerleading which only involves cheers being conducted from the

GUIDANCE ground. Many students may have never seen a competitive cheerleading routine and may not know that
gymnastics or aerial stunts are involved. Showing a competitive cheerleading video may allow students to see
this competition as a sport instead of a sideline activity, and help students better answer questions regarding
the injury risks that accompany the sport.
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% ATTENDING TO EQUITY

For question 3b of the assessment, students
are asked to support or refute their claim by
citing evidence from investigations we did
and using any related science ideas we
developed to defend their argument.
Offering students a choice in modality to
share their explanation provides equal access
for all students. Some students may benefit
from drawing a representation of the
potential collision results when one
cheerleader collides with another and
labeling it to support why they think this. As
another alternative, some students may find
more success explaining this orally through
recording themselves and then turning in the
recording or presenting to the class or
presenting to you during an appropriate time
in the classroom.
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ALTERNATE If students had previously needed additional learning experiences to show conceptual understanding on the

ACTIVITY Lesson 6 or Lesson 10 assessment and have been revising their questions as the unit has progressed, instruct
students to get back out their prior assessment they have been updating during Lessons 11-14. Tell students to
use their updated answers to aid them in developing their responses on both Parts 1and 2 of the current

assessment.
ASSESSMENT Building towards: 15.A Develop and use a series of models to represent (a) the relative strength of the forces
OPPORTUNITY (change and stability) being applied to three different objects and subsystems in contact in a collision, (b) in

each case what interaction (cause) is producing this force (effect) on the object, and (c) the direction of these
forces in three different free body diagrams and use the ideas from these models to support or refute an
argument for the effect on peak forces on heads during a collision.

What to look/listen for: See Item alignment guide to determine which questions on Part 1: Cheerleading
Headgear Assessment are aligned to which crosscutting concepts and related pieces of disciplinary core ideas.
See Part 1 Key: Cheerleading Headgear Assessment for scoring guidance and anticipated responses to the related
questions on Part I: Cheerleading Headgear Assessment.

What to do: Refer students to examples of free body diagrams the class developed in Lessons 5, 10, and 13, as
well as the examples they developed in the individual assessments in Lessons 6 and 10. Use these to help

students identify the key features of a free body diagram and what force interactions are represented in each
subsystem.

4 - NAVIGATION Zmin

MATERIALS: Part 1: Cheerleading Headgear Assessment

Conduct the end of part 1 of the transfer task. Ask students to pause where they are at on the assessment and turn part 1in. Let them know
that the rest of the part 1 assessment can be completed tomorrow if they are not finished. It can be helpful to keep separate the assessments
that are from students who have completed part 1and ones from students who have not finished and may need a few minutes to finish at
the beginning of the next class.

End of day 1

5 - PART 2 TRANSFER TASK 25 min
MATERIALS: Part 2: Cheerleading Headgear Assessment, 10 mini index tab flags of one color (e.g. green) and 10 of another color (e.g. yellow)

Distribute Part 2: Cheerleading Headgear Assessment to each student. Show slide D. Take a few minutes to go through the % ATTENDING TO EQUITY

directions for the different sections of the transfer task.% Answer any questions students may have about what the questions are
asking of students. Give students time to complete part 2 of the assessment on their own. You will also want to hand back part 1 to anyone For question 5 of this part of the assessment,
who had not finished it in the prior class period. After 20 minutes, collect all transfer tasks. Most should have already finished by this time, students are asked to write an argument for
but if there are still a few who are not finished, you may need to offer them time outside of class or, if it works logistically, they could finish why their design solution is optimal and
the task and then join the class in revisiting the DQB when they finish. meets the needs of the stakeholder and to

discuss what trade-offs were made and why.
As part of this question, students are offered
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Display slide E as students are finishing the assessment. As students finish the transfer task and have turned it in, tell them to take a few of
their index tab flags and silently visit the DQB. Using the directions slide E, they should read through the questions and put one on any that

they feel they can answer.

ASSESSMENT
OPPORTUNITY

Building towards: 15.B Construct an explanation for why a design solution will optimize performance, including
the prioritized criteria, constraints brought from stakeholders, and trade-offs made when revising the design to
meet criteria.

Building towards: 15.C Design a solution to a problem to reduce the damage to an object in a collision (by
reducing peak forces) by considering the properties of different materials and shapes being used to serve
particular functions.

What to look/listen for: See Item alignment guide to determine which questions on Part 2: Cheerleading
Headgear Assessment are aligned to which crosscutting concepts and related pieces of disciplinary core ideas.
See Part 2 Key: Cheerleading Headgear Assessment for scoring guidance and anticipated responses to the related
questions on Part 2: Cheerleading Headgear Assessment.

What to do: Refer to activities in Lessons 11-12 and the associated handouts for material properties and
structures. Revisit the close-up and microscopic images of the protective materials and have students look for
parallels in those properties. Analyze the data presented in Lesson 13 to spur the idea that space for air and
deformation are important when selecting a cushioning material. Revisit models drawn in Lesson 13 in regards
to how shape and thickness can distribute the forces over a greater area.

6 - REVISIT THE DRIVING QUESTION BOARD (DQB)

their choice of modality for expressing their
explanation. They can either construct a
written explanation or present their
explanation orally. Offering students a
choice in modality to share their explanation
provides equal access for all students. Some
students may benefit from drawing a
representation of their design with labeling
to point out how, why, and where their
design solution is optimal. Some students
may wish to put together this explanation
using technology so they could present it to
an audience. While other students may wish
to orally present their explanation

10 min

MATERIALS: science notebook, 10 mini index tab flags of one color (e.g. green) and 10 of another color (e.g. yellow), optional: chart paper, markers

Convene in a Scientists Circle around the Driving Question Board. Look for patterns using the index tab flags. In the Scientists Circle, focus
on the questions that have the most number of sticky dots.

@ Discuss as a class the questions the class can now answer. Have the class discuss the answers to those questions as a group. If you
have space, you might make a Take-Aways board that has a record of the answers the class comes up with.%

The index tab flags are reusable. Have students remove them from the board when they are done and collect them so you can reuse them

with your next class.

ALTERNATE
ACTIVITY

openscied.org

In Lesson 6 students revisited the questions on the DQB using Reviewing Our Driving Question Board, and this
was revisited again in Lesson 10. From Lesson 11 on, students have added new questions to the DQB. As an
alternate approach to using sticky dots to revisit the DQB, you could reprint this handout and populate any new
questions for students. Print out one copy per student. When they finish their transfer task, they could pick up
one of these handouts and using green and yellow colored pencils or markers, they could mark the questions
they can fully and partially answer.

Unit 8.1« Lesson 15+10/1/25

% ATTENDING TO EQUITY

Revisiting the DQB is important for students
to feel as though their questions are valued
and recognized. Note that it is possible that
not all questions will have been addressed
(it's more likely that most will be at least
partially answered), particularly if you have
been encouraging students to keep adding
to the DQB in the later lessons of the unit.
This taking stock activity helps students see
that they have done this hard work in service
of answering most of their own questions.

% SUPPORTING STUDENTS IN
ENGAGING IN ASKING QUESTIONS
AND DEFINING PROBLEMS

Revisiting the DQB at the end of the unit
helps students see the progress they have
made toward answering questions that were
important to them at the onset of the unit
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7 - QUICK WRITE: REFLECT ON OUR EXPERIENCES

where students were tasked with asking
questions “that require sufficient and
appropriate evidence to answer.’ Students
developed ideas for investigations to pursue
to answer these questions in multiple
lessons throughout the unit.

Through pursuing such investigations across
the course of the unit and individual and
whole-group sensemaking, they can now
answer many of their own questions. This
final visit to the DQB also allows students to
see how their hard work toward a shared
learning goal helps them figure out the
phenomenon and can also explain a lot of
other phenomena and help design solutions
for them. This process encapsulates a
recurring design pattern in all OpenScikd
units as well as reflects the nature of larger
scientific and engineering enterprises in our
world.

8 min

MATERIALS: science notebook

Celebrate the class’s accomplishments. Say, | can't believe how far we have come since we first wondered about the phenomenon of why smart
phone screens break sometimes and not other times. We should be very proud of what we have accomplished!

Have students reflect on their experiences with the unit.% Have students return to their regular seats. Prompt students to find a new page
in their science notebook and title the page “Reflection.” Display slide F. Give students about 5 minutes to write a personal reflection on their
learning based on the following prompts:
¢ What was most challenging in this unit?
¢ What was most rewarding?
¢ Think about how you engaged in sensemaking discussions with classmates. How would you want to engage with those experiences
the next time around?
¢ What would you do the same?
¢ What would you do differently?

ALTERNATE
ACTIVITY

If you have time, you could also structure this reflection as a “blizzard” For a blizzard, have students
anonymously record their reflections on a piece of loose paper, crumple it up, and then throw it up in the air.
Students can then pick up a ball of paper and go around one by one and read aloud what is on the paper they
picked up until everybody’s reflection has been shared.

As a whole group, ask each student to share part of their reflection. Taking time to reflect upon the process of this unit can allow students to
think metacognitively about what works well for them as learners.

openscied.org Unit 8.1« Lesson 15 - 10/1/25

% ATTENDING TO EQUITY

This unit asks students to do meaning-
making that is difficult but potentially
rewarding. Taking time to reflect on the
process of this unit can allow students to
think about what works well for them as
learners. Consider giving more time to
answer these questions if needed.
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LESSON 16: OPTIONAL How can we market our designs to our potential investors?

PREVIOUS LESSON This was the last lesson of the formal unit. We evaluated other engineers’ design solutions to protect cheerleaders from concussions in collisions using the
science and engineering ideas we have figured out over the course of the unit. We designed our own solution and argued how it takes into consideration the
criteria, constraints, and trade-offs in the proposed solution. We revisited the DQB to take stock of the questions we have answered.

THIS LESSON This is an optional extension lesson. We develop a presentation to share with potential investors about the
merits of our design. We have the option to create a scale prototype and test our designs. We have additional
PUTTING PIECES TOGETHER options to add visual aids to our presentations. We present our design ideas to investors.

4 days

a

NEXT LESSON There is no next lesson.

BUILDING TOWARD NGSS | WHAT STUDENTS WILL DO

MS-PS2-1, MS-PS2-2, MS-PS3-1, | 16.A Communicate and present information orally about the proposed performance of a protective device, explaining how specific structures and
MS-ETS1-2, MS-ETSI1-3, MS-LS1-8 | materials have been manipulated to reduce peak forces in a collision.

@ WHAT STUDENTS WILL FIGURE OUT

Investors care about the considerations of stakeholders.
¢ As adesigner, information has to be presented in a clear, relevant, and engaging way that allows investors to see that all stakeholder
considerations have been taken into account.
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Lesson 16 - Learning Plan Snapshot

N -

5 min INTRODUCE DESIGN PITCH PRESENTATION
Discuss what investors would want to know about designs and give a
presentation overview.

2 15 min DISCUSS PRESENTATION OPTIONS Presentation Format Options, Outlining an Investor Pitch Presentation, Final
Go over project presentation options and select individual presentation Design Proposal
methods.
End of day 1
3 135 @ CREATE PRESENTATIONS Presentation Format Options, Outlining an Investor Pitch Presentation

Create design pitch presentations to be shared with investors.
End of day 2
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Lesson 16 - Materials List

e T oy e

Lesson materials ¢ Presentation Format Options
e Qutlining an Investor Pitch Presentation
e Final Design Proposal

Materials preparation (15-45 minutes)

Review teacher guide, slides, and teacher references or keys (if applicable).
Make copies of handouts and ensure sufficient copies of student references, readings, and procedures are available.

¢ The preparation for this lesson will vary based on time available and student project choice.

¢ The scale model optional activity will require time to print handout Creating a Scale Model.

¢ The creation of a prototype for testing purposes will require time to print handout Determining Your Prototype Testing Conditions and prepare a testing area, which will vary based upon
the type of object a student is protecting and school testing conditions (see Determining Your Prototype Testing Conditions to review what testing conditions are recommended to
students, depending on device).

¢ The additional visual aids project extension will require the time to print handout Optional Project Extensions. Depending on technology availability, preparation for the additional
visual aids will vary based upon the student-selected visual aid.

¢ Some students who are engaging in the extension activities may have the time to create a model. The models can be done to scale or just rough sizing. To attend to equity, it is
suggested that general craft supplies or materials meant to be recycled or repurposed are provided to students for their design use in the classroom.

e If students engage in Determining Your Prototype Testing Conditions, some students may need access to a stairwell or a slingshot launcher. If assigning this activity, ensure that the
materials needed are available. Read all safety and use information if this slingshot launcher is used; this information will vary from model to model.

e If students use tools such as a hot glue gun, provide safety guidance regarding the use of that tool, including training on how to use the tool and related materials, staging, and storage.

¢ See Project Options Overview to learn more about project options, materials required for each extension, and an overview of those materials.
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Lesson 16 - Where We Are Going and NOT Going

This lesson is an optional extension for use after the formal end of the unit (Lesson 15) for classrooms that have a strong interest in developing their investor presentation and/or building,
producing, and testing physical prototypes for design solutions students have been refining on paper in the previous lessons. It is assumed that not all students would be interested in that part
of the design process, which is the focus of other OpenSciEd units, such as OpenSciEd Unit 6.2: How can containers keep stuff from warming up or cooling down? (Cup Design Unit) and OpenSciEd
Unit 7.2: How can we use chemical reactions to design a solution to a problem? (Homemade Heater Unit).

Classrooms that select this optional extension should consider that such a presentation or testing would not necessarily have to occur immediately following the lesson, nor would it
necessarily be optimal to occur during classroom time. For students who are interested in this extension it could be offered at lunch or before or after school or could be pursued on their own
at home. In all these cases, it could be pursued in parallel with other instruction at a later point in the year. This would allow you to launch a new instructional unit immediately after this lesson,
such as OpenSciEd Unit 8.2: How can a sound make something move? (Sound Unit), which is the recommended scope and sequence for the OpenSciEd program.

The lesson plan below, however, is written as if the teacher is referring to Lesson 15 as having just occurred recently. You will want to modify the language used, therefore, to frame the work in
this lesson and accompanying slides if you implement it at a different point in your instructional unit sequence.
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LEARNING PLAN for LESSON 16

1- INTRODUCE DESIGN PITCH PRESENTATION

5 min

MATERIALS: None

Say, Last lesson we created a final design proposal. Generally, after a design proposal is drafted, the key ideas are shared with investors in a design
pitch.

Project slide A. Have students turn and talk about the following question:
e |f you were an investor, what would be the most important thing you would want to know about someone’s proposed design
solution?

After students have had time to discuss their ideas with their partner, have them share their ideas with the class. Accept all relevant
responses. Students may present the following ideas:
¢ Investors want to know if they will make money from the design.
¢ Investors want to know if someone will want to buy it and if the designer considered the buyers when designing the device.
¢ Investors want to know if it is realistic to build.
¢ Investors want to know if the stakeholders were satisfied with the trade-offs.

Say, OK, we have a good idea of what investors want, and it seems to center around stakeholder needs. That is definitely important to communicate
to the investors. Let’s actually draft a plan and share with our stakeholders and investors right here in class.%

Introduce the pitch presentation project. Project slide B. Introduce the investor design pitch project to students. Explain that students will
have the opportunity to create a design pitch and present it to an audience. Tell students that there are many ways to do this, and we will
consider each method as we go. If we have time, we will also be able to build a scale prototype, test it, and add other visuals to our
presentation to help our investors envision this design in real life.

2 - DISCUSS PRESENTATION OPTIONS

MATERIALS: Presentation Format Options, Outlining an Investor Pitch Presentation, Final Design Proposal

% ATTENDING TO EQUITY

Connections to my community: This project
provides a great opportunity to bridge
classroom and community. During their
presentation students will be presenting
their learning and findings based upon
ETS1.A and ETS1.B. The community will
consist of stakeholders for almost every
device, and this will provide a real-world
opportunity for students to present a
meaningful solution to stakeholders from
various backgrounds. If there is time, invite
stakeholders such as school leaders, officials,
and community members into the
classroom for these presentations. Allow the
stakeholders to give to students meaningful
feedback on their designs.

15 min

Share project options. Pass out Presentation Format Options to students. Explain that sometimes product designers and engineers pitch
designs to investors in different locations, sometimes on the other side of the world. Because of that and increased use of technology in the
workplace, there are a couple of different options for presenting their design pitch to investors.

Go over the three different options with students:
¢ Presenting in person with a question and answer session after the presentation
¢ Prerecorded with a live question and answer session after the recording
¢ Presented over a live, online platform with a question and answer session after the presentation

Allow students 2-3 minutes to make their presentation choices.%

ADDITIONAL
GUIDANCE

If time is short to present the investor pitch presentations, consider having all students use the prerecorded
option. Certain platforms like Flipgrid would allow all students to share and give each other investor feedback
virtually and on a timescale that may be more appropriate to certain classrooms.

openscied.org Unit 8.1+ Lesson 16 « 10/1/25

% ATTENDING TO EQUITY

Universal Design for Learning: Some
students may have anxiety about presenting
to others. By giving students the option to
present the materials and record themselves
ahead of time, part of the anxiety can be
lessened, and allowances for all students to
have a way to access this activity will be
provided.

Page 307



Introduce Outlining an Investor Pitch Presentation. After students have decided how they will present their presentation, distribute Outlining
an Investor Pitch Presentation to students. If you have previously collected Final Design Proposal, make sure to pass that back at this time as
well.

Explain to students that when designers or engineers present to investors, investors want to know that the stakeholders needs have been
addressed. Because of that, this information is paramount in their presentations. Outlining an Investor Pitch Presentation will help students
plan for their presentation to investors by having them think thoughtfully about the information on Final Design Proposal and determine how
they will present the information.

Begin creating the presentation. Provide students with time to complete Outlining an Investor Pitch Presentation using their information from
Final Design Proposal. Once students are finished planning their presentation, allow students to begin creating their presentation. Students

have several options to choose from for creating this presentation. As students are working, make sure that all students are utilizing the
information from Outlining an Investor Pitch Presentation in their presentation.

End of day 1
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3 - CREATE PRESENTATIONS 135 min

MATERIALS: Presentation Format Options, Outlining an Investor Pitch Presentation

Allow students time to complete their presentations in the method they have identified on Presentation Format Options.

ADDITIONAL Note that this presentation preparation period is designated for 3 days. This timeline can be altered or extended

GUIDANCE to meet the needs of students, or it can run parallel to a new unit, as suggested by the OpenSciEd scope and
sequence pacing. This entire lesson can also be moved to a different time in the school year as an opportunity
to revisit the science ideas and align with school-designated, in-school community nights.

Students can also engage in optional activities with this presentation based upon time allotted, student interest, needed enrichment, and
ability level. See Project Options Overview for details on each option.

@ Present the pitch. After students have completed the creation of their presentation, give time for students to present their pitches to
| stakeholders and/or investors. Potential applicable assessable standards for math, english language arts, and technology standards
(depending on project and extension choice) can be found on Potential Accompanying Standards. Before a presentation begins, distribute
Investor Design Feedback Form to all stakeholders and/or investors engaging with the presentation.

ASSESSMENT Building towards: 16.A Communicate and present information orally about the proposed performance of a
OPPORTUNITY protective device, explaining how specific structures and materials have been manipulated to reduce peak
forces in a collision.
What to look/listen for: Listen for students to demonstrate understanding of ideas of performance
expectations that were not fully met at the end of Lesson 15.
¢ Students should list trade-offs and the reasoning behind those trade-offs to optimize their design
solution.
e Listen for the rationale for decisions that led to the optimization of the design.
¢ Listen for students to include a rationale for their material choice that involves the properties of their
material that help reduce peak forces during a collision, such as the ability of materials to deform,
space for air, and distribution of contact forces over a greater surface area.
¢ See Potential Accompanying Standards for details on additional standards to assess, if wanted.

What to do: This is the second and additional time to assess the understanding of material properties, shapes,
and structures that reduce peak forces in a collision. If students do not include this, ask students during the
question and answer section of the presentation why they have chosen those specific materials and what they
do to reduce peak force. This presentation provides an additional opportunity to check in on these ideas, and
this additional assessment opportunity may not be needed for all students.

Give feedback. As the presentation is conducted, remind the stakeholders and/or investors to use Investor Design Feedback Form to give
feedback on the design. At the end of the presentation, provide 2-3 minutes for stakeholders to ask questions and give feedback to each

student.
ALTERNATE At the end of the presentations, consider also doing a gallery walk of prototypes and other developed materials
ACTIVITY to celebrate student work. Investor Design Feedback Form can also be used for this activity.
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Unit 8.1 Teacher Reference Materials
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ASSESSMENT SYSTEM OVERVIEW

Each OpenSciEd unit includes an assessment system that offers many opportunities for different types of assessments throughout the lessons, including pre-assessment, formative

assessment, summative assessment, and student self-assessment. The table below outlines where key assessments can be found in the unit. Key formative assessments are
identified here, but many more opportunities are embedded in each lesson, and guidance for those also appears in the following table.

Each OpenSciEd unit includes an assessment system that offers many opportunities for different types of assessments throughout the lessons, including pre-assessment, formative
assessment, summative assessment, and student self assessment. Formative assessments are embedded and called out directly in the lesson plans. Please look for the “Assessment

Icon” in the teacher support boxes to identify places for assessments. In addition, the table below outlines where each type of assessment can be found in the unit.

Overall Unit Assessment

Assessment and Scoring

Lesson 1 Initial Model: Objects
During Collisions

Lesson 4 Independent,
Dependent, and
Controlled Variables

Lesson 5 Slide K and related
science notebook
entry

openscied.org

Pre-Assessment

Lesson 1is an opportunity to uncover students’ initial ideas and questions about how damage sometimes happens to
objects in collisions. Analyzing student work will allow you to see if students have skills from prior grade bands (what a force
is, balanced and unbalanced forces, energy is transferred in collisions, energy can be transferred through forces, and so
forth) and if they have some current grade-band understandings (mass and speed as factors related to kinetic energy; net
force ideas; and so forth).

Use students' initial models of collisions and the Consensus Discussion as a pre-assessment opportunity. In the Consensus
Discussion, it is best if you select students who will share a wide variety of ideas. Disagreement among students about what
causes damage to objects in a collision will motivate students to find answers throughout the unit. Disagreement will also
help students develop a Driving Question Board with questions they will answer throughout the unit.

Formative

At the start of Lesson 4, students express their initial ideas about important variables in an investigation. The handout
Independent, Dependent, and Controlled Variables can be used as a reference for students throughout the unit and
throughout 8th grade as they continue to design and carry out investigations.

Formative
This is a good opportunity to determine if students can plan investigations in small groups without a lot of scaffolding. Slide
K cues students to start planning their investigation with their group. You can assess much of this plan before groups go to
carry out the investigation and collect the data from it. Look for
¢ identification of a single independent variable
identification of the dependent variables
identification of important variables to keep constant
a data table with results from at least two conditions tested
peak forces measurements and/or equalities or inequalities noted for both push-pull spring scales for each
condition tested
results from repeated trials for each condition (optional)
source(s) of error in the system (optional)

Unit 8.1-10/1/25
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Assessment and Scoring

Lesson 6

Lesson 10

Lesson 11

Lesson 14

openscied.org

Soccer Assessment

Soccer Assessment
Key

Lesson 10 Assessment

Lesson 10 Assessment
Key

Protection Device
Design Thinking

Drafting Our
Protection Device
Design

Lesson 14 Device
Redesign

Formative

This is a putting-the-pieces-together lesson. It includes an assessment that provides students an opportunity to apply their
understanding of peak forces, damage, and kinetic energy on different parts of a system in a collision. Students also draw
free-body diagrams of the parts of a system during a collision. It's critical that students first understand that the forces
during a collision are always equal and opposite and that the peak forces experienced by each object are the same before
they attempt to make a free-body diagram describing that relationship. However, once students become adept at using the
free-body diagram to describe forces and energy transfer as objects interact, they will better be able to use free-body
diagrams to predict the changes in motion to objects and changes in kinetic energy in a collision.

Summative and Formative

This is a putting-the-pieces-together lesson. It includes a summative midpoint assessment that can provide formative
information for moving forward in the unit. The goal of the assessment is to determine if students can apply their evidence
from lab activities and key science ideas to explain how objects sometimes break when they hit each other.

This lesson is also an excellent opportunity to revisit the Driving Question Board to identify questions that can be answered
so far. The lesson includes guidance for supporting students in selecting their own questions they feel they can now answer
and sharing those answers with the class.

This lesson assessment also provides an additional opportunity to re-assess students over ideas presented in Lesson Set 1.

Pre-assessment

This lesson provides an opportunity to find out what students may already understand the relationship between material
properties and their abilities to reduce peak forces in a collision. Students will draw a diagram of their own protective device
designs for an object of their choice and will try to describe these protective materials from a microscopic and macroscopic
level, giving an idea of student understanding of scale, system models, and structure and function of the materials.
Students will develop their understanding of how material properties reduce peak forces on the objects they are protecting
in Lessons 12-14.

Summative

This is a putting-the-pieces-together lesson. It includes a summative assessment that gives students the opportunity to
explore various types of padding and explain how padding helps ensure that objects in collisions change motion using
small forces over long distances (rather than large forces over short distances). Then students apply their understanding
from the entire unit to their own design idea. These material properties are used to refine designs, and trade-offs of
different material choices are examined. Students have to apply the ideas of structure and function while considering
stakeholder feedback and trade-offs to optimize their designs (ETS1).

Unit 8.1-10/1/25
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Assessment and Scoring

Lesson 15

After each lesson

Occurs in most lessons

Anytime after a
discussion

openscied.org

Part 1: Cheerleading
Headgear Assessment

Part 2: Cheerleading
Headgear Assessment

Part 1 Key:
Cheerleading
Headgear Assessment

Part 2 Key:
Cheerleading
Headgear Assessment

[tem alignment guide

Lesson Performance
Expectation
Assessment Guidance

Progress Tracker

Student Self-
Assessment
Discussion Rubric

Summative

This lesson provides an end-of-unit assessment to assess student understanding of peak forces, material structure, net
force, and equal and opposite forces relationships. Students apply this knowledge to evaluate cheerleading helmets for
safety, support or refute claims about the protective qualities of the device, explain the structural properties of protective
materials and how they can contribute to a reduction of peak forces on the object they are protecting, and design a new
device while considering the needs of stakeholders.

This end-of-unit assessment provides evidence of student understanding in the concepts above and an additional
opportunity to assess key ideas from Lesson Sets 1and 2. See the alignment guide for further details about the alignment
of questions to the science and engineering practices. crosscutting concepts, and disciplinary core ideas for the unit.

Formative Assessment
Use this document to see which parts of lessons or student activity sheets can be used as embedded formative
assessments.

Formative and Student Self-Assessment

The Progress Tracker is a thinking tool that was designed to help students keep track of important discoveries that the class
makes while investigating phenomena and figure out how to prioritize and use those discoveries to develop a model to
explain phenomena. It is important that what the students write in the Progress Tracker reflects their own thinking at that
particular moment in time. In this way, the Progress Tracker can be used to formatively assess individual student progress or
for students to assess their own understanding throughout the unit. Because the Progress Tracker is meant to be a thinking
tool for students, we strongly suggest it is not collected for a summative “grade” other than for completion.

Student Self-Assessment

The student self-assessment discussion rubric can be used anytime after a discussion to help students reflect on their
participation in the class that day. Choose to use this at least once a week or once every other week. Initially, you might give
students ideas for what they can try next time to improve, such as sentence starters for discussions. As students gain
practice and proficiency with discussions, ask for their ideas about how the classroom and small-group discussions can be
more productive.

Unit 8.1-10/1/25
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Assessment and Scoring

After students Peer Feedback Peer Feedback
complete substantial, Facilitation: A Guide There will be times in your classroom when facilitating students to give each other feedback will be very valuable for their
meaningful work three-dimensional learning and for learning to give and receive feedback from others. We suggest that peer review

happens at least two times per unt. This document is designed to give you options for how to support this in your
classroom. It also includes student-facing materials to support giving and receiving feedback along with self-assessment
rubrics where students can reflect on their experience with the process.

Peer feedback is most useful when there are complex and diverse ideas visible in student work, and not all work is the
same. Student models or explanations are good times to use a peer feedback protocol. They do not need to be final pieces
of student work, rather, peer feedback will be more valuable to students if they have time to revise after receiving the peer
feedback. It should be a formative, not summative, type of assessment. It is also necessary for students to have experience
with past investigations, observations, and activities where they can use these experiences as evidence for their feedback.

For more information about the OpenSciEd approach to assessment and general program rubrics, visit the OpenScikd Teacher Handbook.
Lesson-by-Lesson Assessment Opportunities

Every OpenSciEd lesson includes one or more lesson-level performance expectations (LLPEs). The structure of every LLPE is designed to be a three-dimensional learning, combining
elements of science and engineering practices, disciplinary core ideas and cross cutting concepts. The font used in the LLPE indicates the source/alignment of each piece of the text
used in the statement as it relates to the NGSS dimensions: alignment to Science and Engineering Practice(s), alignment to Cross-Cutting Concept(s), and alignment to the
Disciplinary Core Ideas.

The table below summarizes opportunities in each lesson for assessing every lesson-level performance expectation (LLPE). Examples of these opportunities include student
handouts, home learning assignments, progress trackers, or student discussions. Most LLPEs are recommended as potential formative assessments. Assessing every LLPE listed can
be logistically difficult. Strategically picking which LLPEs to assess and how to provide timely and informative feedback to students on their progress toward meeting these is left to
the teacher's discretion.

Lesson-Level Performance Expectation(s) | Assessment Guidance
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Lesson 1

Lesson 2

openscied.org

1.A Develop a model to describe
interactions between two objects as they
collide and show the changes that occur
in the structure of both objects when
one object is damaged as a result and
also when neither object is damaged as a
result.

1.B Ask questions that arise from
observations of collisions between two
objects in order to seek additional
information about factors (causes) that
might affect the outcome of such
collisions.

2.A Collect data on changes in the
motion and shape of colliding objects
that serve as the basis for evidence that
energy transfer occurs during the
collision and that there are forces
between colliding objects.

2.B Construct an argument supported by
empirical evidence and scientific
reasoning to support a model showing
that changes in motion of colliding
objects (connected to subsystems)
results from energy transfer between
them (cause) and changes in the shape
of those objects results from force(s)
between them (cause).

1.A Developing and Using Models; Stability and Change; Systems and System Models

When to check for understanding: Collect students’ initial models on Initial Model: Objects During Collisions and
explanations on Object Interactions During A Collision at the end of day 1to pre-assess their fluency in developing a
model.

What to look for/listen for: Prompts in this task ask students to engage in two elements of the modeling practice
related to representing descriptive aspects of the phenomenon as well as unobservable mechanisms. These will
provide an opportunity for students to use related DCls from prior grades; grade 4 (energy transfer in collisions) and
grade 2 (objects push each other when they collide). There are phrases in the prompts that ask students to consider
related elements of CCCs, particularly systems and system models and stability and change. You may also see some
students developing particle-level representations for changes happening in the matter in the system, based on their
extensive work in developing such models in prior OpenSciEd units. See the related Assessment callout box for
additional guidance.

1.B Asking Questions and Defining Problems; Cause and Effect

When to check for understanding: Since students will put their initials on the backs of these sticky notes, you will
have a few opportunities to take stock of the kinds of questions students ask in this initial lesson after they are posted
on the DQB as well as when they first write them. When students share these questions for the DQB, they will likely
have time to share only one. Collect the remaining questions that don't get posted after the development of the DQB
is complete. This record of questions they form today will help you formatively assess their fluency in the practice of
asking questions at the start of this year. Collect and look through student notebooks to see their individual ideas for
future investigations to pursue as well.

What to look for/listen for: See the related Assessment callout box for additional guidance.

2.A Planning and Carrying Out Investigations; Stability and Change

When to check for understanding: Students carry out two investigations to explore what happens in collisions on day
1 of the lesson. In the first, the Dropping and Breaking Lab, they explore what happens to objects during a collision by
dropping rigid objects on other objects. Students encounter challenges in understanding what's happening at the
moment of contact in collisions and help identify a plan for the Exploring Horizontal Collisions Lab to improve their
ability to make observations.

What to look/listen for: Listen for students to suggest ways to control the collisions they observe. For example,
students will likely suggest the use of slow-motion video or zoomed-in images of the moment of collision. They are
likely to suggest that they want to see how the materials themselves are changing during the time the objects are in
contact with each other. They may also suggest ways to control the motion and speed of objects in collisions, such as
a way to target or line up the objects to ensure that they will collide after one or both are put into motion.
2.B Engaging in Argument from Evidence; Stability and Change; Cause and Effect; System and System Models
When to check for understanding
1. Students develop cause-and-effect statements to account for mechanisms responsible for the changes in
motion and shape during collisions in day 2 of the lesson.
2. Students also update their Progress Trackers at the end of day 2 with what they figure out related to their
lesson question. This provides a second opportunity to formatively assess student understanding.

What to look/listen for
1. Students making arguments that leverage prior knowledge about changes in kinetic energy, energy transfer,
and/or forces in the initial cause-and-effect statements they make
2. Students making claims that refer to how energy transfer can help account for changes in motion and for
how forces can account for changes in shape (students may also mention that forces can account for
changes in motion as well)
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Lesson 3

Lesson 4
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3.A Construct and revise a written
argument using evidence from various
sources of data (slow-motion videos,
photos, and firsthand investigations) to
support or refute the claim that all
objects do bend or change shape when
pushed in a collision.

4.A Plan an investigation, identifying
controls to keep constant, and carry out
the investigation to produce data to
serve as the basis for evidence to
develop a mathematical model for the
relationship (pattern) between the
amount of

4.B Analyze and interpret graphical data
(patterns) from tests of compression
force vs. amount and type of
deformation (temporary vs. permanent)
to provide evidence that supports an
argument that all objects behave
elastically up to a specific limit beyond
which permanent damage occurs
(stability and change).

3.A Engaging in argument from evidence; stability and change
When to check for understanding: Check for student progress in their responses they write for their initial claim on in
their notebooks.

What to look/listen for: Students should identify that the evidence supports the claim that all objects bend or change
shape when pushed in a collision.

4.A Planning and Carrying out Investigations; Patterns, Cause & Effect, Stability & Change

When to check for understanding: Completion of Independent, Dependent, and Controlled Variables will provide a
useful reference text for future investigations that students will plan in small groups in later lessons and future
OpenSciEd units in 8th grade.

What to look/listen for: Look for students to do the following in the planning of the investigation:
e identify the independent variable as the amount of force applied to an object,
e identify the dependent variable as the amount of deformation in the object, and
e identify controls including where the force is applied and how much of the object overlaps the two supports
(bricks) in each test.

4.B Analyzing and Interpreting Data; Patterns, Cause & Effect

When to check for understanding

Students construct graphical displays of data from compression force vs. deformation tests to help identify a linear
relationship that describes the elastic behavior of all objects in graphs they make at the end of day 1 on Deformation
Results

What to look/listen for

¢ the x-axis labeled as the force applied to the object (in N)

¢ the y-axis labeled as the amount of deformation in the object (in cm)

e stretching out the intervals to maximize the use of the graph paper while still capturing the highest x value
and highest y value

¢ equal intervals identified on each axis

e astraight line of best fit through the data that are represented with points drawn as open circles (anywhere
the beam returned to its original shape after the weight was removed)
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Lesson 5

Lesson 6
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5.A Plan and carry out an investigation
and identify patterns in the data
collected from the investigation to
provide evidence that when peak
contact forces on each object during the
collision are equal in strength, the
strength of those forces increases when
the mass or the speed of the object that
was moving before the collision
increases.

5.B Develop and use subsystem models
(free body diagrams) to represent how
the peak contact forces on two different
objects compare in a collision and how
these are related to corresponding
changes in the kinetic energy of a
moving object before it collides due to
an change in its mass or the speed.

6.A Apply science ideas and use
evidence to construct an explanation for
how the amounts of peak force and
energy transfer (cause) in soccer
collisions result in instability in the brain
(concussions, effect) due to sudden
changes at the cellular level.

5.A Plan and Carry out Investigations; Patterns, Systems and System Models

When to check for understanding: Slide K cues students to start planning their investigation with their group. You can
assess much of this plan before groups go to carry out the investigation and collect the data from it.

What to look/listen for

1 Identification of a single independent variable: mass or speed

2. Identification of the following dependent variables: the peak force measured on the push-pull spring scale
on cart subsystem A and the peak force measured on the push-pull spring scale on cart subsystem B

3. Identification of important variables to keep constant: If students identified mass as the independent
variable then they should identify speed as an important variable to try to keep constant. If students
identified speed as the independent variable then they should identify mass as an important variable to try
to keep constant.

4. A data table with results from at least two conditions tested (e.g., no additional mass vs. added mass or
slower speed vs. faster)

5. Peak forces measurements and/or equalities or inequalities noted for both push-pull spring scales for each
condition tested

6. Results from repeated trials for each condition (optional)

7. Source(s) of error in the system (optional)

5.B Develop and Use Models; Systems and Systems Models
When to check for understanding: Collect student exit tickets at the end of day 2 of this lesson.

What to look/listen for: Transferring the representations of the ideas developed in the class consensus model to a
new context to explain a different phenomenon. The following ideas should be show up in students responses:

¢ A: Students identify one or both objects.

¢ B: The forces would be equal in strength.

¢ C: The kinetic energy would be less.

e D: The forces would be weaker but still equal in strength.

6.A Constructing Explanations and Designing Solutions; Cause and Effect; Stability and Change

When it happens: Students use science ideas from Lessons 1-5 in Soccer Assessment to determine how peak forces
and energy transfer affect different soccer collision scenarios.

What to look/listen for

¢ Peak forces on the head and the ball are shown as the same during a header, both drawn in the diagram in
question 1and the selected answer in question 2a.

¢ Contact forces are applied to both objects and are always equal regardless of speed or mass in question 2b.

e Identification of case c in questions 3a and 3b as having the least amount of total kinetic energy in they
system before the collision.

¢ Collisions with objects that are moving with a greater mass or speed in comparison with collisions that have
lesser mass and speed will experience more peak force, as seen in the two potential answers for question 5.

e See Soccer Assessment Key for a more detailed analysis of what to look for in each question.
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Lesson 7

Lesson 8
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7.A Construct, analyze, and interpret
graphical displays of data collected from
a computer simulation to identify
patterns in the data, including a linear
relationship between the mass of a
moving object and its kinetic energy and
its kinetic energy and a nonlinear
relationship between the speed of a
moving object and its kinetic energy.

7.B Construct an explanation based on
quantitative relationships (scale) for
whether decreasing the mass of a
moving object or decreasing its speed
would have a bigger effect on the peak
forces produced in a collision between it
and a stationary object and use these
ideas to further explain why this would
cause damage in some collisions but not
others (effect).

8.A Develop and use a model to identify
other parts of the system the cart and
box are making contact with or colliding
into that could be producing contact
forces on these subsystems, causing
energy to be transferred to or from them
as the box and cart travel down the track.

7.A Analyze and Interpret Data; Patterns

When to check for understanding: On day 2 of the lesson when students construct two graphs of their data from the
computer simulation on copies of Graphing Kinetic Energy Relationships and when they discuss the patterns they notice
in these with a partner, per slide K, and then share these patterns with the whole class

What to look for/listen for: See the assessment callout box for guidance on what to look for in students’ graphs and
student discussions.

7.B Constructing explanations and designing solutions; scale, cause and effect

When to check for understanding: At the end of day 2 of the lesson when students individually complete questions
3-5 on Looking back: Explaining and predicting kinetic energy changes in the system

What to look for/listen for: Students should be setting up, labeling, and adding data appropriately to graphs. See the
assessment callout box for specific guidance on what to look for in student responses.

8.A Develop and use a model, systems and system models, energy and matter.

When it happens: In the student responses you collect on Modeling other force interactions in the launcher, cart, box, and
track system at the end of the lesson

What to look for: See Key for modeling force interactions in the launcher, cart, box, and track system for guidance on what
to look for in student responses.

Unit 8.1-10/1/25

Page 319



Lesson-Level Performance Expectation(s) | Assessment Guidance

Lesson 9

Lesson 10
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9.A Apply scientific ideas and evidence
to construct an explanation for the
causes of motion and kinetic energy
changes that happen before and after
collisions and how these affect the
outcome of a collision.

9.B Respectfully provide and receive
critiques about claims to identify
relevant evidence to support an
explanation for how energy transfers
through the cart-launcher system before
and right after a collision.

9.C Develop and revise a model to
identify other parts of the system the
cart and box are making contact with or
colliding into that are producing contact
forces on these subsystems, causing
energy to be transferred to or from them
as the box and cart travel down the track.

10.A Apply scientific ideas to explain
why some collision-related phenomena
resulted in damage while others did not
and to explain how the contributing
factors (energy, matter, peak forces)
could change to result in different
collision outcomes.

10.B Apply scientific ideas to explain
multiple baseball phenomena, including
the effects of air density and wind on
ball speed (changes to the stability of the
system and its effect on kinetic energy
changes due to air resistance), bat mass
vs. bat speed (interpreting patterns in
graphical and tabular data to determine
the linear and nonlinear effects on
increases of kinetic energy within the
system), and bat type (the effect
deformation has on peak forces in the
system and kinetic energy) on how the
game is played.

9.A Planning and Carrying Out Investigations; Cause and Effect

When to check for understanding: In day 1 of this lesson, students carry out investigations and examine data at four
stations to build understanding of forces due to friction and air resistance and how these affect motion and kinetic
energy (KE) of subsystems in the collision system model.

What to look for: Students should use the patterns they notice to develop cause-effect relationships between
observable changes at the macroscopic scale and the particle nature of interactions at the microscopic scale. Students
should attribute slowing down or losing energy to particle interactions due to air resistance and friction between
surfaces that slide past each other.

9.B Engaging in Argument from Evidence; Energy and Matter

When to check for understanding: After students collect evidence and analyze data on day 1 of this lesson, they write
claims about the cause-effect relationships between changes in motion and in kinetic energy and particle nature of
interactions due to friction and air resistance. They will present and defend their claims on day 2 and engage in
discussion to deepen their thinking.

What to look for: Listen for students to share similarities and differences in the evidence and reasoning they cite to
support their claims. Students should be describing the relationship between the particle nature of air and the
surfaces of objects sliding past each other.

9.C Develop and use a model, systems and system models, energy and matter.

When it happens: In the revised student responses on Modeling other force interactions in the launcher, cart, box, and
track system you will collect at the start of the next lesson after redistributing the previously collected responses back
to students at the end of this lesson

What to look for: See Key for modeling force interactions in the launcher, cart, box, and track system for guidance on what
to look for in student responses you will collect at the start of Lesson 10. Compare the responses with those students
provided at the end of Lesson 8.

10.A Constructing Explanations and Designing Solutions; Cause and Effect; System and System Models

When it happens: Students use Explaining a Collision to explain why a collision type resulted in damage or no damage
during a collision and what factors (mass, speed, KE, friction, air resistance) could be altered to produce a different
collision outcome.

What to look/listen for: Look for students to use the ideas off of the Big Ideas poster.
In box 1, look for these ideas:
¢ representing the kinetic energy of the moving object as greater than that of the nonmoving object
 forces due to air resistance and friction acting on the moving object before the collision
o force arrows that are representative of the relative amounts of force acting in the moving object and in the
proper direction and whose arrow tip is touching the surface the force is acting on
In box 2 look for these ideas:
¢ objects bending or deforming (momentarily or permanently)
¢ each object experiencing the same amount of peak force, but in opposite directions
* energy being transferred in the system between the colliding objects at the moment of contact
e Optional: If the objects are made of different materials, they could show different amounts of deformation
for the same amount of force. Though students know this should be the case based on ideas they figured
out in Lesson 4, because they won't know the relative elasticity of each object in the system, they may not
feelit's valid to represent these relative differences in their models without having these specific data to
inform which object would deform more or less than the other.
In box 3 look for these ideas:
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change in speed being represented as a larger factor than change in mass in reducing or increasing kinetic
energy of the moving object(s)

greater or less air resistance and friction causing the increase or reduction of kinetic energy of the moving
object(s) before the collision

changes listed above having an effect on the amount of deformation of each object at the moment of
collision

changes in the amount of deformation of each object corresponding to whether or not it exceeds the elastic
limit of the object to account for whether or not it is damaged

10.B Constructing Explanations and Designing Solutions; Cause and Effect; System and System Models; Stability
and Change

When it happens: Students complete Baseball Assessment 1 or the alternate version Baseball Assessment 2 on day 2 of
the lesson.

What to look for

openscied.org

Questions 1-2: Students should show a decrease in ball speed attributed to the loss of energy due to air
resistance. Students should justify this idea using free-body diagrams showing the relative strengths of air
resistance due to wind speed.

Question 3: Students should use ideas for investigations that utilize experiences from previous labs in class.
Questions 4-6: Students will plot points based upon data, then predict a data point based on the line of best
fit.

Question 7: Students should explain that an increase in bat mass would decrease swing speed due to the
amount of energy needed to move a more-massive object.

Questions 8-9: Students should reflect an understanding that speed increases at a greater rate when kinetic
energy is doubled. A decrease in air resistance would increase the visible effects of this relationship.
Question 10: Students should argue the warning on the bat supports the coach’s claim that it produces
higher peak forces in a collision than other bats, but nothing on the warning provides information to support
the claim that it deforms less in a collision.

Questions 11-12: These answers are subjective to viewpoint; see Key 1: Baseball Assessment and Key 2: Baseball
Assessment.

See Key 1: Baseball Assessment and Key 2: Baseball Assessment for a more-detailed assessment guidance by
question.
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Lesson 11
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11.A Define a problem that can be solved
with the development of a protective
device to reduce damage (peak force)
during a collision by identifying and
considering multiple criteria and
constraints along with specific materials,
shapes, and designs of devices that
reflect our science ideas of how certain
material properties function in a collision.

11.B Design a solution to a problem to
reduce the damage to an object in a
collision (by reducing peak forces) by
considering the properties of different,
individual materials and shapes being
used to serve particular functions.

11.A Asking Questions and Defining Problems; Structure and Function

When it happens: Students engage in defining a problem that could be solved with the design of a protective device
for an object and identifying the overall purpose of a protective device in Protection Device Design Thinking. Students
identify criteria and constraints and consider what materials and properties are important to the protective device.
What to look for/listen for: On Protection Device Design Thinking students define the purpose at the top of the page.
Look for students to identify that the purpose of the device is for protection. Look for relevant criteria and constraints
as students engage with the handout and for justification of the type of material and the shape of the materials they
propose to use in their designs.

11.B Constructing Explanations and Designing Solutions; Structure and Function
When it happens: Students engage in designing a protective device for an object of their choosing when they
complete Drafting Our Protection Device Design.

What to look for/listen for: Treat this as a pre-assessment of students’ understanding of new ideas that they will
develop in the last lesson set of the unit. The first idea is related to the microscopic structure of cushioning materials.
Many effective cushioning materials provide pockets or gaps of space or air between the layers of materials for the
cushioner to “give”. Look for this in the second column of the design drawing. The second idea is related to how
cushioners reduce peak forces in a collision. Look for these concepts:
¢ The amount of peak force is reduced because the cushioner applies a weaker force over a larger distance in a
collision, which has as much effect on reducing the kinetic energy of an object as a stronger force over a
shorter distance.
¢ These forces are transferred to both objects that the cushioner is in contact with (including the object it is
protecting).
¢ The shape of a cushioner can be designed to distribute that force over a greater surface area, thereby
reducing the amount of peak force occurring at a single location on the object being protected.
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Lesson 12

openscied.org

12.A Analyze data to determine which
materials reduce peak force in a collision
and analyze the similarities (visual
patterns across materials) in the
properties of those materials
(macroscopic deformability).

12.B Develop a model to explain how the
changes in the structures of cushioning
materials contribute to their function (a
reduction in peak forces) at a
microscopic level during a collision.

12.A Analyzing and Interpreting Data; Structure and Function, Patterns

When to check for understanding: At the beginning of day 2, students individually reflect on data from the
investigation to analyze the structure of multiple materials and look for patterns in structure. Students identify what
structural patterns they see in the top performers and try to explain how these patterns in structure could better
reduce peak force than other materials that did not perform as well.

What to look for/listen for

As students are individually reflecting on data, they should write about the patterns they see across multiple
structures that were top performers. Students should identify that the better performers have space and/or air gaps in
them and the ability to deform more than other materials that did not perform as well.

12.B Developing and Using a Model; Structure and Function
When it happens: How can materials reduce peak force on the objects they protect? provides an opportunity for
formative assessment. Circulate as students are working on their explanations and collect the handout at the end of
class.
What to look for/listen for
¢ Bubble wrap and cotton balls have a large amount of empty space or air in them and relatively small
amounts of solid material across the space they take up.
¢ Bubble wrap and cotton balls deform easily when a small force is applied.
¢ Connecting structure to function, identifying a connection to reduction in peak force: e.g., less force between
the cushioner and the object it is in contact with is due to increased space, ability to deform, less-solid
material, more-flexible material, and so forth.
¢ Possible student idea: Students may bring up particle-level connections, e.g., these materials are ones that
would also exhibit less energy transfer through conduction (from prior units [unit:wc.n] and [unit:th.n]),
which may be related to less peak force.
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Lesson 13

Lesson 14
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13.A Construct an explanation for how
(and why) the structure of a cushioning
material affects the peak forces
produced (function) in a collision,
relating the amount of space available
for deformation, the total contact time
during a collision, and the peak forces
produced from the addition of such
structures.

13.B Develop and use subsystem models
(free body diagrams) to represent how
the peak contact forces on different
objects in a collision compare when they
have different cushioning structures
between them.

13.C Critically read a scientific text
adapted for classroom use to determine
how concussions can result in breaks in
the axons of neurons (structure) and why
this can lead to memory loss (function),
how a snug fit (structure) for a helmet
would affect its performance (function),
and how other changes in the structure
of cushioning material (in a helmet)
would affect its performance (function).

14.A Optimize the performance of a
design by prioritizing the particular
functions and properties of materials
based upon stakeholder feedback to
assess the relative effectiveness of the
materials.

14. B Engage in a quantitative analysis
using prioritized scores and consider the
trade-offs of prioritizing particular uses
and functions of materials to assess their
relative effectiveness for the
optimization of the design.

13.A Constructing Explanations and Designing Solutions, Developing and using models; patterns, structure and
function

When it happens: When students enter an individual Progress Tracker entry at the end of the first day of the lesson

What to look for:
¢ Good cushioning (force reduction) materials have space available in them for deformation.
¢ More space available for deformation is related to an increased contact time during the collision.
¢ Increased contact time in the collision is related to decreased peak forces produced in the collision.
e Optional: Students may argue that thicker cushioning materials with spaces or air gaps in them available for
deforming should therefore reduce peak forces more in a collision

13.B Developing and using models; structure and function, stability and change

When it happens: Slide H cues students to complete Free body diagrams for collisions with and without cushioning
structures on their own after working on other parts of it with a partner.

What to look for: Look for the system diagram and free body diagrams shown in the related assessment support box.
13.C. Obtaining, evaluating, and communicating information; structure and function

When it happens: Reading: Anatomy of a Bike Helmet is distributed as a home learning assignment to be completed
before the start of Lesson 14. Collect this completed assignhment at the start of Lesson 14.

What to look for: Use of structure and function relationships in the responses to the questions on Reading: Anatomy of
a Bike Helmet. See the related assessment guidance support box for more question-specific guidance.

14.A Constructing explanations and designing solutions; Structure and function
When to check for understanding: On day 2, students use Additional Material Considerations Matrix to assign rankings
to their chosen considerations as primary, secondary, or tertiary considerations.

What to look/listen for: Look for students to appropriately assign primary, secondary, and tertiary criteria based on
stakeholder feedback from Decision Matrix.

14.B Constructing explanations and designing solutions; Structure and function
When to check for understanding: On day 2, students will complete a three-column table in their notebooks
considering the consequences of their design trade-offs and prioritization of considerations.

What to look/listen for: Look for students to list the design decisions they have made according to their redesign
table and decision matrix. Students should explain the potential effects (which can be positive or negative) that each
design decision will specifically have on stakeholder concerns or considerations. In column 3 students will consider
what effect the decision will have on the overall design of the device and explain how those decisions impact the
performance of the design (which can be positive or negative).
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Lesson 15

Lesson 16
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15.A Develop and use a series of models
to represent (a) the relative strength of
the forces (change and stability) being
applied to three different objects and
subsystems in contact in a collision, (b)
in each case what interaction (cause) is
producing this force (effect) on the
object, and (c) the direction of these
forces in three different free body
diagrams and use the ideas from these
models to support or refute an argument
for the effect on peak forces on heads
during a collision.

15.B Construct an explanation for why a
design solution will optimize
performance, including the prioritized
criteria, constraints brought from
stakeholders, and trade-offs made when
revising the design to meet criteria.

15.C Design a solution to a problem to
reduce the damage to an object in a
collision (by reducing peak forces) by
considering the properties of different
materials and shapes being used to serve
particular functions.

16.A Communicate and present
information orally about the proposed
performance of a protective device,
explaining how specific structures and
materials have been manipulated to
reduce peak forces in a collision.

15.A Developing and Using a model; stability and change, cause and effect

When it happens: At the the end of day 1, students start part 1 of the assessment on Part 1: Cheerleading Headgear
Assessment, where some of the questions on it (see Item alighment guide) are aligned to this practice and these related
crosscutting concepts.

What to look/listen for: See Part 1 Key: Cheerleading Headgear Assessment for scoring guidance and anticipated
responses.

15.B and 15.C Constructing explanations and designing solutions; structure and function, cause and effect; stability
and change.

When it happens: During day 2, students complete part 2 of the assessment on Part 2: Cheerleading Headgear
Assessment, where some of the questions on it (see Item alignment guide) are aligned to this practice and these related
crosscutting concepts.

What to look/listen for: See Part 2 Key: Cheerleading Headgear Assessment for scoring guidance and anticipated
responses.

16.A Obtain, evaluate, and communicate information; Structure and function

When it happens: This investor pitch presentation provides an additional opportunity after Part 1: Cheerleading
Headgear Assessment or Part 2: Cheerleading Headgear Assessment to assess skills regarding the understanding of
structure and function of material properties to reduce peak forces in a collision. An informal version of this
assessment can be conducted while students are completing Outlining an Investor Pitch Presentation, and a formal
assessment can occur during the investor pitch presentation (live or prerecorded).

What to look/listen for

e Listen for students to demonstrate understanding of the unit key ideas that were not fully met at the end of
Lesson 15. See Item alignment guide for specific key ideas.

¢ Students should list trade-offs and the reasoning behind those trade-offs to optimize their design solution.

e Listen for the rationale for decisions that led to the optimization of the design.

e Listen for students to include a rationale for their material choice that involves the properties of their
material that help reduce peak forces during a collision, such as the ability of materials to deform, space for
air, and distribution of contact forces over a greater surface area.

¢ See Potential Accompanying Standards for details on additional standards to assess, if wanted.
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Lesson 2 Teacher Reference

Making Sugar Glass

Below are instructions on how to make sugar glass in a rectangular 2" x 3" size that is approximately 1/16” thick. The sugar glass is an analog for cell phone screens.

Refer to the Materials Preparation section of the Teacher Guide for specific directions about how to use the sugar glass after itis made. To help you plan, the following
table outlines how many pieces of sugar glass you'll need for each lesson per class (based on six groups of students in a class). You will need to multiply the total per
class by how many classes you teach to arrive at the grand total number of sugar glass pieces you'll need to prepare altogether. You may want to prepare 20% extra
for accidental breakage.

Number of sugar glass pieces needed

Per class for Total for one class
Lesson Per student Per pair Per group whole-group (based on 30 students
demonstration in 6 groups)*
2 1
5 4

Adjust if you have more or fewer than 30 students per class. Then, multiply this number by the number of classes you teach to plan how many pieces of sugar glass
you need to prepare altogether.

To make the sugar glass, you will need the following:

11-1b bag of Arcor Crystal Mints (note: You may also use Matlow's Hard Mint Candy or Jolly Ranchers, however, melting times may vary slightly.)
16-cavity silicone soap mold measuring approximately 3" x 2" x 1" per cavity
1 cookie sheet

1 cooling rack

1 can of nonstick cooking spray

1resealable, plastic storage bag, gallon size

an electric or gas oven

1roll of wax paper

paper towels

2 oven mitts or hot pads

1splash goggles

The directions for preparing this recipe are shown here, and you may also watch a video demonstration at https://youtu.be/-jYT577_CAM. The total time to prepare
the sugar glass is around 25 minutes. The active time is 10 minutes.
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Preheat your oven to 325 °F Place the silicone mold on a cookie sheet Put a quick, quarter-sized squirt of nonstick cooking spray
in the middle of each cavity in the mold. Use your fingers to spread the spray around the bottoms and sides. Make sure that
none of the spray is pooled in the corners. Remove excess spray by wiping with a paper towel.

Place 2 unwrapped candies in each cavity. Make sure the candies are spaced evenly in the cavities and not touching the sides.

Place the cookie sheet and mold on the middle rack of your oven.

Caution: Melted sugar can cause severe burns. If it gets on the skin, it will stick to the skin and continue to burn until you take appropriate countermeasures. Follow these
safety precautions when taking the melted sugar out of the oven in the next steps: Wear splash goggles. Make sure you have feet, legs, and arms covered (e.g., closed-toed
shoes, long pants, and long-sleeve shirt). Use oven mitts to remove the cookie sheet and mold containing the melted sugar. Have cold water handy in case any melted
sugar gets on your skin. If hot sugar burns skin, place skin in cold water (not ice). If done within the first minute or so, cold water immersion for up to 30 minutes can reduce
total area and severity of the burn.
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After approximately 15 minutes, the candy will melt, bubble, and fill the mold. (Note: this time will vary based on your oven and
the candies used.) Remove the cookie sheet and mold from the oven and set it on the cooling rack. The melted candy should fill

the entire mold after about 10 seconds. Some bubbles are normal. If it does not, place them back in the oven for another 2
minutes.

In approximately 10 minutes, the sugar glass will have cooled and hardened. Gently remove the sugar glass by pushing on the
back of the molds.

Stack the sugar glass between pieces of wax paper and place in a sealable plastic bag until ready to use.
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Lesson 4 Teacher Reference

Example Line of Best Fit

Deformation (in cm) vs. Downward force (in N) on a 3 layer thick
bundle of wooden coffee stirrers

1.5

Deformation (in cm)

0 2 4 6 8 10

Downward force on beam (in N)
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Lesson 5 Teacher Reference

Spring scale and cart modifications and setup

Examine your 5-N push-pull spring scales. If these have a wire S hook on the end, bend the hook apart using
twol pliers until there is a large enough gap to slide the wire S hook out of the hole on each push-pull spring
scale.

Save these S hooks as they will be needed for day 1 of this lesson when students will need to hook ends of two
push-pull spring scales together for the pulling investigation they conduct.

Use a twist-tie (or 2-inch piece of wire) and thread it through the hole. Then twist the two ends together.

Zero each of your push-pull spring scales and keep checking this as you start to make markings on the plun§er
beam. Use a very tine-tip permanent marker and a ruler to mark graduations every 2 mm on the flat side o
the push-pull spring scale plunger.
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Do this for all your push-pull spring scales until you reach the end of the plunger beam. If you make a mistake I)wlou can wipe off the marking
using rukbl%ing alcohol and a paper towel. You will need to do this quickly before the ink has long to dry and let the surface dry before trying to
re-mark them.

Cut two squares, /2" x 2" each, of hook and loop fasteners. Attach the fuzzy (loop) side on push-pull sprin
scales at the two locations shown. Attach the rough (hook) side to the cart at the same distance apart as the
pieces you put on the spring scales.

Attach the push-pull spring scales to the carts with the markinc?s facing up. Twist a twist tie tightly over the
plunger beam. It should be tight against the plunger but should slide back and forth on it easily.

Build two of these carts for each station. Secure aluminum track to each testing station surface with painters
tape. Leave 6 large washers and a small amount of modeling clay at each station.
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Lesson 6: Answer Key

Soccer Assessment Key

Scoring Guidance. The elements described below would be considered an exemplary response at this point in the unit. These are shown as purple text or in purple diagrams
below the related question. In some cases different elements of the response are identified with a separate + symbol These +s are not meant to be all inclusive; they are
suggestions for what you may see your students include.

If several of the ideas marked with a + are missing from a student’s response, this may indicate the student has not mastered the science ideas or that the student may be
struggling to bring those ideas together in a written explanation or model. Additional probing of their thinking can provide insight about whether the student is struggling with
a science practice or science idea, or both. If all or almost all of the ideas marked with a + are present in a student’s response, this may indicate the student has mastered the
science ideas and is able to use them in a written explanation or explanatory model.

Soccer is becoming more and more popular in the United States and while other injuries are happening less frequently, youth soccer players in the U.S. are
experiencing more concussions. A concussion is a type of traumatic brain injury caused by the head moving quickly back and forth and the brain bouncing
around in the skull.

A concussion can result from a force of 400-1000 N on the head. There has been debate in different sports about how to best prevent concussions. In
soccer, one idea is to ban headers (when a ball makes contact with a head) in youth and professional soccer.

1. How would the forces from a header from such a light soccer ball cause a concussion? Draw two
free-body diagrams showing how the amount of peak force on the head would compare to the
amount of peak force on a soccer ball in a header that causes a collision. w moment of peak force

An example of what a student free body diagram could look like is should here:

free body diagram for player free body diagram for ball

peak force from the
ball on the head

o

peak force from the

head on tie ball
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There are three types of collisions that tend to happen frequently in soccer: a) headers, b) collisions between players heads and c) when players' heads hit the ground.

P

System A System B System C

2a. How would the amount of force on the head compare to the amount of force on the object it collides with, in each system A, B, and C?
a. In every collision, the peak force on the head would be the same as the peak force on the other object in the collision.
b. In some, but not all collisions, the peak force on the head would be the same as the peak force on the other object in the collision.
C. In every collision, the peak force on the head would be different than the peak force on the other object in the collision.

Correct response is a.

2b. Explain in words or pictures your choice in 2a.

Student responses should include these ideas:

+You can't have force on only one object when it makes contact with another object (forces come in pairs).

+ These contact forces are always equal, even if one object has more mass or more speed before they make contact in a collision.

Sports scientists concluded that concussions result from headers, a running player colliding with another running player and a running player hitting the ground. So far in this
unit, we have looked at collisions and how much kinetic energy the objects in the system have before they collide and how this is related to the peak forces they can produce in
any collision. Let's consider the three main types of systems that can lead to concussions and make predictions about them using forces and energy as it relates to Player #84.

3a. Considering both objects that are about to collide in each interaction, which system would you predict to have the least amount of total kinetic energy in the system right
before the objects collide? In each instance below, Player #84 is running at a speed of 7 miles per hour. Circle one.

A. Player #84 running and heading the soccer ball that was kicked by another player
B. Player #84 running and colliding with another running player running towards them
C. Player #84 running and hitting the ground

Expected response:
C

openscied.org Unit 8.1+ Lesson 6 - 10/1/25 Page 336



3b. Explain in words and pictures using the images below why this system would have the least kinetic energy before the collision by comparing it with the two other systems.

o o o

System A System B System C

Student responses should include these ideas:

+ There are two objects in each system (A, B, and C) that will collide; the total KE is based on both.

+ In each system (A, B, and C) player #84 would have the same amount of KE because in each case it's the same player with the same mass and speed.
+ The ground is not moving in system C, so it has no KE.

+ There is a second object moving in A and B (a ball or another person), meaning each of these also have KE.

+ So therefore, the total KE in system C should be lower than the other two systems.

4. Based on your answer above, which system should have the least amount of peak forces during the collision? Why?
Student responses should include these ideas:

+ Total peak force is related to the amount of total KE in the system.

+ So the system with the least KE (system C) should result in the least amount of peak force during the collision.
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5. The brain is an organ made of interconnected cells called neurons. Neurons send signals to communicate information from one cell to
another. The long part of the neuron is called an axon, and they have a breaking point. Recent research provides evidence that
permanent damage to axons in the brain occurs from just a single damaging head collision (concussion).

Write an argument: During a head collision, which system (A, B, or C) would be most likely to cause damage to some of the axons in the
brain? Use ideas related to kinetic energy, peak forces, and breaking point for the structures in the brain, axons, in your argument.

Student argument should be either of the following:

+ The collision in system A is more likely to cause damage to the brain because a soccer ball can move really fast, and speed is related to
KE ..OR

+ The collision in system B is more likely to cause damage to the brain because another person running is big and has a lot of mass, and
mass is related to KE.

Student chain of reasoning should include the following;

+ Mass is more important than speed for total KE or vice versa (we don't have strong evidence for resolving which is more important yet, so either response is justifiable for this
prompt).

+ The peak force is related to the amount of total KE in the system before the collision.

+ So the system with more KE should result in a higher peak force during the collision.

+ The axons will only break if the peak force exceeds their breaking point.

+ This is why system A (or system B) is more likely to cause damage to some cells in the brain in a collision.

6. Do you think the mass of a moving object or its speed is a bigger factor contributing its kinetic energy and the resulting damage that it can do in a collision? Why? Use any
experiences youve had as evidence in your argument as well as any science ideas you think are relevant.

Look for justification from real-life experiences.

Capitalize on the differences of ideas and circumstances--some students will say mass, others will say speed (a speeding bullet vs. an elephant running).
Students may or may not add ideas about KE or energy transfer.

Utilize this difference to navigate into Lesson 7 at the end of Lesson 6. Guidance is provided in the Teacher Guide for this.

7. Suggest one or more ways we could use the materials from previous investigations to determine whether doubling the mass of a moving object or doubling its speed has a
bigger effect on the amount of damage it does in a collision.

Look for any ideas that students suggest. These ideas prime students thinking for the work they will do in the next lesson where they will collect data from an investigation
around this question.
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Lesson 8: Answer Key

Key for modeling force interactions in the launcher, cart, box, and track system

Treat this as an informal assessment of prior knowledge related to how forces from friction and air resistance act on moving objects. Do not correct preconceptions at this
point. Make a copy of student responses on Modeling other force interactions in the launcher, cart, box, and track system so you can return the original to students to use when
they revise their models for home learning in the next lesson. This will also provide you a reference to compare student thinking now (before Lesson 9) to what they are
thinking later by the end of Lesson 9. Purple responses below show the target ideas you are looking for students to be using by the end of Lesson 8.

Q1) Draw and label two free body diagrams showing the contact forces between the box and the cart as they are moving together at time 4.

contact force contact farce

— from rhe.bnx from the cart box
on the cart on the box

@] O

Q2) Besides the cart, what other objects or subsystems is the box either making contact with or colliding with at time 4?
The track and the air

Q@3) Redraw your freebody diagram for the box
to the right. Show all of these additional forces
on it as well as the contact force fror_n the cart at iy v b fraes s sl
time 4. Don't worry about representing the the b (air
relative strength of these forces. Focus on resistance)
showing which direction the forces would be
pushing on the box and which surface they
would be pushing on it.

contact force
from the cart contact force

contact farce from the track
on the box {friction)

Q4) Do you think these kinds of forces are also acting on the cart as it coasts down the track at time 2? Why?

+ Air resistance would also be acting on the cart as it coasts down the track because it is an object moving through the air, hitting air particles as it goes. The cart is kind of box
shaped, so the front face of it would have similar forces from air resistance on it in the same direction as those shown for the box.

+ Friction would be acting on the cart wheels, but they aren't sliding over the track like the box and there is less surface area in contact with the track, so there would be less
friction on the cart from contact with the track than on the box from contact with the track.

Q5) Where does this tell you some of the energy in the system might be going as the box and cart move down the track??

+ Some of the energy might be transferred to the air.
+ Some of the energy might be transferred to the track.
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Lesson 10 Teacher Reference

Related Phenomena List

Collision Type A

A moving object was damaged OR wasn't damaged when it collided with a motionless object.

Caused damage

Did not cause damage

Collision Type B

A motionless object was damaged OR wasn't damaged when a moving object collided with it.

Caused damage

Did not cause damage

Collision Type C

A moving object was damaged OR wasn't damaged when it collided with another moving object.

Caused damage

Did not cause damage
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Lesson 10: Answer Key 1

Key 1: Baseball Assessment

Scoring Guidance. The elements described below would be considered an exemplary response at this point in the unit. These are shown as purple text or in purple
diagrams below the related question. In some cases different elements of the response are identified with a separate + symbol These +'s are not meant to be all
inclusive; they are suggestions for what you may see your students include.

If several of the ideas marked with a + are missing from a student’s response, this may indicate the student has not mastered the science ideas or that the student
may be struggling to bring those ideas together in a written explanation or model. Additional probing of their thinking can provide insight about whether the student is
struggling with a science practice or science idea, or both. If all or almost all of the ideas marked with a + are presentin a student's response, this may indicate the
student has mastered the science ideas and is able to use them in a written explanation or explanatory model.

At each level of organized baseball, there are rules in place about what type of bat and ball can be used. These rules help ensure the game play remains competitive,
fair, and fun. The type of bat and ball are the two major factors that game organizers can control. But there are a lot of other factors that people claim also have a big
impact on game play that cannot be controlled, such as weather conditions, location of the stadium, and the strength of the players.

Answer the prompts below to figure out how these factors could impact the game of baseball.
Weather Conditions and Pitch Speed

To the right is a graph that shows how pitch speed is affected by _ ]
Pitch Speed versus Wind Speed

wind speed. The line on the graph shows the general relationship
88

between wind speed and pitch speed. Points A, B, and C represent

o
three of the same type of fast pitch all thrown at the same initial g' »
speed from a pitcher’s fingertips, but under different wind § 86
conditions. §_ s A
o ®
4(:3'_ 84 B e
T @ A
£ |
82
2 4 6 8
wind speed (mph)

Data source: Kagan, D. (nd). The physics of pitchingin the wind. Retrieved from:
https://physics.csuchico.edu/baseball/Pubs/PitchingWindLong pdf
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Question 1) Draw three different free-body diagrams (A, B, and C), one for each point marked on the graph. In each free-body diagram, show all the contact forces on
the ball after the ball has left the pitcher's hand. Draw arrows to show the relative strength of forces on the ball. Make sure to include the relative strength and direction
of the forces on the ball due to its interaction with the air.

A B C

force fram alr force fram alr force fram alr
rasisianca rasisianca rasistanca

- O O G

+ An arrow labeled as the force from air resistance should be on each ball.

+ The arrow should be facing to the left, with its tip touching the right side of the ball.

+ Alternatively, the images could be flipped with the arrow coming from the other direction as an alternate perspective, as long as all forces and strengths do not
change in the representation.

+ The arrow length should get longer going from A to B and from B to C.

Question 2) Use your free-body diagrams on the previous page to help answer this question: If all three pitches (A, B, and C) had equal amounts of KE when they left
the pitcher's hand, would they all have the same amount of KE when they reach home plate? Why or why not?

+ Pitch A would have the most KE because it is losing less energy than balls B and C to air resistance because the strength of the force from that is the smallest on ball
A

+ Pitch C would have the least KE because it encounters more air resistance than balls A and B because the strength of the force from that is the greatest on ball C.
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Question 3) How would you design an investigation using materials we have used in class to collect evidence for all 3 pitches to support or refute your claim for
question 2? List the items and objects you will use in your investigation. Then describe the procedures for setting up and carrying out your investigation.

The items and objects | will use in my investigation:

Baseball items Classroom items used to simulate baseball items

Bat Peak force detector OR a box OR a cracker
Pitcher Spring-scale launcher

Ball Cart with paper oniit
Wind Fan

Other items needed to collect measurements and data:

+ Peak force detector such as a push-pull spring scale OR a box to measure the total distance over which a push is applied OR a timer or radar gun or other device to
collect data on the speed of the cart

My plan for setting up and carrying out my investigation:
Example:

+ | would have three different cart setups: 1 cart with a fan in front, 1 cart with a fan behind it, and 1 cart with no fan.

+ | would release each cart with the same amount of kinetic energy from the spring scale.

+ At the end of the track there would be a peak force detector placed in the same location for each cart.

+ | would measure the damage from the collision of the cart with the peak force detector at the end of the track for each condition.

Representing and Explaining the Relationships between Bat Speed and Bat Mass

The data table below shows how fast a major league power hitter can swing a bat with different amounts of mass. The mass of the bat was the independent variable
in this investigation, and the speed of the bat swing was the dependent variable.
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Mass of the
bat (grams)

Bat Swing Speed vs. Mass of the Bat

100
284 74 -
340 70 =, ®
En \h\.
652 71 B 60 \.\
907 62 i
2 a0
964 62 L
191 61 a0
1361 57
00 500 1,000 1,500

mass of the bat (grams)

Question 4) Make a coordinate plot of the data from the table above.

Question 5) After graphing your data, draw a line of best fit for it.

+ See graphed answer above.

Question 6) Use your line of best fit to predict how fast a player could swing a bat with a mass of 779 grams. Record your prediction here:

+ The speed would be ~66 mph.

Question 7) If a batter can apply the same amount of maximum force from their hands to each bat to swing it, why would the speed of the bat swing decrease as the
mass of the bat increases? Explain this in terms of a chain of cause and effect using forces, energy transfer, and kinetic energy.

+ The same amount of force will change the speed of a more-massive object less.

+ The same amount of force transfers the same amount of energy to an object, and since mass and speed are both related to the amount of KE an object has,
increasing the mass of the object would require that its speed decreases.

+ |t takes more energy to get something moving at the same speed as something with less mass.
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What has a bigger effect on kinetic energy of the bat and the ball--increasing the speed of the bat orincreasing the mass of the bat?

i e Speed of ball after Bat swing speed Speed of ball after
gnt(g contact (mph) (mph) contact (mph)

570 68.5 20.5 60.2
710 73.0 27.3 68.8
850 76.2 343 76.2
990 78.6 41.0 83.8
1,140 80.4 47.9 91.4

Question 8) Use the data from the tables above to determine which has a bigger effect on speed of the ball after it is hit, increases in the mass of a bat or increases in
the swing speed of the bat. Show any calculations you do to determine which has a bigger effect.

+ Increases in the speed of the swing have a bigger effect on the speed of the ball after it is hit.

Question 9) Some baseball stadiums (such as Coors Field in Denver, Colorado, which is the home stadium for the Colorado Rockies) are located at much higher
altitude than most stadiums. Coors Field is 5,200 feet (almost a mile) above sea level. At this higher altitude there are fewer air particles in a given volume of air than
at lower altitudes. Assume that the data shown in the two data tables in question 8 were collected at a stadium close to sea level (lower elevation). How would you
expect the patterns in both tables to compare if you collected new data on bat weight vs. speed of ball after impact and bat swing speed vs. speed of ball after impact
at Coors Field, where the air is less dense than air near sea level? Why?

Students may interpret this question from different viewpoints in which the ball could be in contact with air, which would have an affect on the speed of the ball. Any
of the following viewpoints are acceptable if justified with explanations of peak force and/or energy increases to the system.

From a pitching perspective
+ The speed of the pitched ball would increase because there is less air resistance on the ball. This increases the KE of one object in the system, which increases the
peaks forces in a collision, which should increase the speed of the ball after contact for every value tested.

From a batting perspective
+ The speed of the bat would increase because there is less air resistance on the bat, which allows the player to swing it faster, increasing KE. During contact, the bat's
KE increases the peak forces in a collision, which should increase the speed of the ball after contact for every value tested.

From a ball-movement perspective at the moment of contact
+ The ball won't have moved through any air in the direction it would travel immediately after the bat contacts it (away from the bat), so the speed of the ball
immediately after itis hit shouldn't change for any of the values tested.

From a ball-movement perspective as itis traveling through the air after being hit
+ If ball speeds are measured after the ball has traveled through air a bit after being hit, the speed of the ball should be faster because there is less air resistance on the
ball.
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Does the type of bat affect the amount of kinetic energy in the bat and ball?

Some people think it's important to have rules about the type of bats that players can use. For example, in major league baseball, players are only allowed to use

wooden bats, while in NCAA baseball, bats made from metal and other composite materials are allowed. Titanium bats, however, are banned in most baseball clubs.
A coach argues that the reason for

this is that the material the bat is WA R N I N G !

made of causes it to produce BALLS HIT WITH THIS TITANIUM BAT MAY COME OFF HARDER AND

QUICKER WHICH MAY REDUCE REACTION TIME FOR DEFENSIVE
PLAYERS. PLEASE WARN EVERYONE WHEN USING THIS TITANIUM BAT.
than other bats because it FAILURE TO ALERT COULD RESULT IN INJURY.

higher peak forces in a collision

deforms less in a collision.

Warning shown on the bat label

Question 10) Does the warning on the bat label shown above support both parts of the coach's argument about forces and deformation?

+ [t supports the argument about peak forces when it says “make come off harder and faster”. Higher peak forces are related to higher amounts of kinetic energy for
objects in a collision and will result in a higher speed of ball.

+ [t does not support the argument that it is due to less deformation. We do not have enough data to make this claim. (If students try to make this claim by referencing
ideas from Lesson 3, that is appropriate at this time. This idea will be explored further in Lessons 11-12.)

Question 11) Do you think that objects or materials that deform less in a collision spring back quicker or slower than objects that deform more? Why or why not?
+ Accept any response related to an amount of deformation and time to spring back. Some students may also connect this to peak forces and energy transfer. Any of
these connections are appropriate at this time in the lesson set as they foreground relationships that they will explore in the last lessons of the unit.

Question 12) If you were playing baseball against another team and had all the data above for the other team and the conditions for that day, what single factor (wind
speed and direction, elevation of the stadium, bat mass, bat swing speeds of players, bat material) would you consider the most when adjusting your game play?
Why?

+ Accept all responses.

+ Rationale should reference any patterns and comparisons in the data showing a larger effect of one factor over another.

+ Note: The bigger purpose of this question is to provide a sense of closure on the framing of the entire question set that was introduced at the start of the assessment
and to make the question set more relevant to students' individual experiences and perspectives.
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Name: Date:

Lesson 10: Answer Key 2

Key 2: Baseball Assessment

Scoring Guidance. The elements described below would be considered an exemplary response at this point in the unit. These are shown as purple text or in purple
diagrams below the related question. In some cases different elements of the response are identified with a separate “+” symbol These +'s are not meant to be all
inclusive; they are suggestions for what you may see your students include.

At each level of organized baseball, there are rules in place about what type of bat and ball can be used. These rules help ensure the game play remains competitive,
fair, and fun. The type of bat and ball are the two major factors that game organizers can control. But there are a lot of other factors that people claim also have a big
impact on game play that cannot be controlled, such as weather conditions, location of the stadium, and the strength of the players.

Answer the prompts below to figure out how these factors could impact the game of baseball.

Weather Conditions and Pitch Speed

To the right is a graph that shows how pitch speed is
affected by wind speed. The line on the graph shows
the general relationship between wind speed and
pitch speed. Points A, B, and C represent three of the
same type of fast pitch all thrown at the same initial
speed from a pitcher's fingertips, but under different

Pitch Speed versus Wind Speed

88
a7
86

85

®>

wind conditions.
83 -
{ ]

82

final pitch speed (mph)

2 4 6 8
wind speed (mph)

Data source: Kagan, D. (nd). The physics of pitchingin the wind. Retrieved from:
https://physics.csuchico.edu/baseball/Pubs/PitchingWindLong pdf
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Question 1) Draw three different free body diagrams (A, B, and C), one for each point marked on the graph. In each free-body diagram, show all the contact forces on
the ball after the ball has left the pitcher's hand. Draw arrows to show the relative strength of forces on the ball. Make sure to include the relative strength and direction
of the forces on the ball due to its interaction with the air.

A B C

force fram alr force fram alr force fram alr
rasisianca rasisianca rasistanca

- O O G

+ An arrow labeled as the force from air resistance should be on each ball.

+ The arrow should be facing to the left, with its tip touching the right side of the ball.

+ Alternatively, the images could be flipped with the arrow coming from the other direction as an alternate perspective, as long as all forces and strengths do not
change in the representation.

+ The arrow length should get longer going from A to B and from B to C.

Question 2) Use your free-body diagrams on the previous page to help answer this question: If all three pitches (A, B, and C) had equal amounts of KE when they left
the pitcher's hand, would they all have the same amount of KE when they reach home plate? Why or why not?

+ Pitch A would have the most KE because itis losing less energy than balls B and C to air resistance because the strength of the force from that is the smallest on ball
A

+ Pitch C would have the least KE because it encounters more air resistance than balls A and B because the strength of the force from that is the greatest on ball C.

openscied.org Unit 8.1« Lesson 10 - 10/1/25 Page 350



Question 3) How would you design an investigation using materials we have used in class to collect evidence for all 3 pitches to support or refute your claim for
question 2? List the items and objects you will use in your investigation. Then describe the procedures for setting up and carrying out your investigation.

The items and objects | will use in my investigation and why | have chosen those items:

+ Peak force detector/box/cracker

+ To detect the force of the collision

+ To simulate the bat
+ Spring scale launcher

+ To simulate the pitcher

+ To apply a force to the object that will be in motion/ball
+ Cart with paper on it

+ To simulate the ball

+ Paper to allow for air resistance to have an effect on the ball
+ Fan

+ To simulate wind

+ Applies a force to the paper/cart
+ Peak force detector such as a box or push pull spring-scale OR a box to measure the total distance a push is applied over OR a timer or radar gun or other device
to collect data on the speed of the ball on the cart.

Other items needed to collect measurements and data:

+ Peak force detector such as a push-pull spring scale OR a box to measure the total distance over which a push is applied OR a timer or radar gun or other device to
collect data on the speed of the cart

My plan for setting up and carrying out my investigation:
Example:

+ | would have three different cart setups: 1 cart with a fan in front, 1 cart with a fan behind it, and 1 cart with no fan.

+ | would release each cart with the same amount of kinetic energy from the spring scale.

+ At the end of the track there would be a peak force detector placed in the same location for each cart.

+ | would measure the damage from the collision of the cart with the peak force detector at the end of the track for each condition.

openscied.org Unit 8.1« Lesson 10 - 10/1/25

Page 351



Representing and Explaining the Relationships between Bat Speed and Bat Mass

The data table below shows how fast a major league power hitter can swing a bat with different amounts of mass. The mass of the bat was the independent variable

in this investigation, and the speed of the bat swing was the dependent variable.

Mass of

the bat

(grams)
284 74
340 70
652 VA
907 62
964 62
191 61
1361 57

Question 4) Make a coordinate plot of the data from the table above.

Question 5) After graphing your data, draw a line of best fit for it.

+ See graphed answer above.

Question 6) Use your line of best fit to predict how fast a player could swing a bat with a mass of 779 grams. Record your prediction here:

+ The speed would be ~66 mph.

Question 7) If a batter can apply the same amount of maximum force from their hands to each bat to swing it, why would the speed of the bat swing decrease as the
mass of the bat increases? Explain this in terms of a chain of cause and effect using forces, energy transfer, and kinetic energy.

bat
swing
speed
(mph)

100

80

60

40

20

Bat Swing Speed vs. Mass of Bat

. \\.

500 1,000 1.500

mass of bat (grams)

+ The same amount of force will change the speed of a more-massive object less.

+ The same amount of force transfers the same amount of energy to an object, and since mass and speed are both related to the amount of KE an object has,

increasing the mass of the object would require that its speed decreases.
+ It takes more energy to get something moving at the same speed as something with less mass.
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What has a bigger effect on kinetic energy of the bat and the ball--increasing the speed of the bat orincreasing the mass of the bat?

710 73.0 273 68.8
850 76.2 343 76.2
990 78.6 410 83.8
1,140 80.4 479 o14

Question 8) Use the data from the tables above to determine which has a bigger effect on speed of the ball after it is hit, increases in the mass of a bat or increases in
the swing speed of the bat. Show any calculations you do to determine which has a bigger effect.

+ Increases in the speed of the swing have a bigger effect on the speed of the ball after it is hit.

Question 9) Some baseball stadiums (such as Coors Field in Denver, Colorado, which is the home stadium for the Colorado Rockies) are located at much higher
altitude than most stadiums. Coors Field is 5,200 feet (almost a mile) above sea level. At this higher altitude there are fewer air particles in a given volume of air than
at lower altitudes. Assume that the data shown in the two data tables in question 8 were collected at a stadium close to sea level (lower elevation). How would you
expect the patterns in both tables to compare if you collected new data on bat weight vs. speed of ball after impact and bat swing speed vs. speed of ball after impact
at Coors Field, where the air is less dense than air near sea level? Why?

Students may interpret this question from different viewpoints in which the ball could be in contact with air, which would have an affect on the speed of the ball. Any
of the following viewpoints are acceptable if justified with explanations of peak force and/or energy increases to the system.

From a pitching perspective
+ The speed of the pitched ball would increase because there is less air resistance on the ball. This increases the KE of one object in the system, which increases the
peaks forces in a collision, which should increase the speed of the ball after contact for every value tested.

From a batting perspective
+ The speed of the bat would increase because there is less air resistance on the bat, which allows the player to swing it faster, increasing KE. During contact, the bat's
KE increases the peak forces in a collision, which should increase the speed of the ball after contact for every value tested.

From a ball-movement perspective at the moment of contact
+ The ball won't have moved through any air in the direction it would travel immediately after the bat contacts it (away from the bat), so the speed of the ball
immediately after itis hit shouldn't change for any of the values tested.

From a ball-movement perspective as itis traveling through the air after being hit
+ If ball speeds are measured after the ball has traveled through air a bit after being hit, the speed of the ball should be faster because there is less air resistance on the
ball.
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Does the type of bat affect the amount of kinetic energy in the bat and ball?
Some people think it's important to have rules about the type of bats that players can use. For example, in major league baseball, players are only allowed to use
wooden bats, while in NCAA baseball, bats made from metal and other composite materials are allowed. Titanium bats, however, are banned in most baseball clubs.

A coach argues that the reason for
this is that the material the bat is

WARNING!

made of causes it to produce higher BALLS HIT WITH THIS TITANIUM BAT MAY COME OFF HARDER AND
_ A QUICKER WHICH MAY REDUCE REACTION TIME FOR DEFENSIVE
peak forces in a collision than other PLAYERS. PLEASE WARN EVERYONE WHEN USING THIS TITANIUM BAT.

bats because it deforms less in a FAILURE TO ALERT COULD RESULT IN INJURY.

collision.

Warning shown on the bat label

Question 10) Does the warning on the bat label shown above support both parts of the coach's argument about forces and deformation?

+ It supports the argument about peak forces when it says “make come off harder and faster”. Higher peak forces are related to higher amounts of kinetic energy for
objects in a collision and will result in a higher speed of ball.

+ It does not support the argument that it is due to less deformation. We do not have enough data to make this claim. (If students try to make this claim by referencing
ideas from Lesson 3, that is appropriate at this time. This idea will be explored further in Lessons 11-12.)

Question 11) Do you think that objects or materials that deform less in a collision spring back quicker or slower than objects that deform more? Why or why not?
+ Accept any response related to an amount of deformation and time to spring back. Some students may also connect this to peak forces and energy transfer. Any of
these connections are appropriate at this time in the lesson set as they foreground relationships that they will explore in the last lessons of the unit.

Question 12) If you were playing baseball against another team and had all the data above for the other team and the conditions for that day, what single factor (wind
speed and direction, elevation of the stadium, bat mass, bat swing speeds of players, bat material) would you consider the most when adjusting your game play?
Why?

+ Accept all responses.

+ Rationale should reference any patterns and comparisons in the data showing a larger effect of one factor over another.

+ Note: The bigger purpose of this question is to provide a sense of closure on the framing of the entire question set that was introduced at the start of the assessment
and to make the question set more relevant to students' individual experiences and perspectives.
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Lesson 12 Teacher Reference

Setup for Collision Carts Demonstration

1. Add textbooks or binders to elevate one end of the flooring strip 8"-12" to create a ramp.

2. Angle the lower end of the vinyl flooring strip into the brick.

3. Place the metal track on the vinyl flooring strip and with its lower end against the brick.

4. Place the push-pull spring scales on the carts using the hook and loop fasteners.
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5. Mount a plastic, blank electrical plate on the end of the rod on each of the 2 push-pull spring scales using sticky tack.

6. Make sure that the two electrical plates touch flush when the carts are pushed together.

7. Using duct tape, tape down one cart at the bottom of the ramp about 4 inches away from the brick with its plate
facing up the ramp.
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Lesson 12 Teacher Reference

Material Charts

cotton balls

Predicted performance

Predicted performance

cotton balls

cotton balls

Predicted performance

balsa wood

balsa wood

balsa wood

foam earplugs

foam earplugs

foam earplugs

Styrofoam Styrofoam Styrofoam
cardboard cardboard cardboard
metal metal metal

CD case plastic

CD case plastic

CD case plastic

large bubble wrap large bubble wrap large bubble wrap

small bubble wrap small bubble small bubble
wrap wrap

fabric fabric fabric
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Lesson 15 Teacher Reference

ltem alignment guide

Alignment between Lesson 15 assessment questions
and related SEPs, DCls, and CCCs

Part 1 Questions

Part 2 Questions

1a|1b|2a|2b|3a|3b

1|2|3|4|5

SEPs
6.6, Constructing Explanations erBesigning-asotution X | X
6.8 ConstructingExptanationsor Designing a solution X|X|X| X[ X
2.5 Developing and Using Models X | XX
Subideas of targeted DCls and related key model ideas
All protection devices have some similar criteria and constraints; constraints vary based on a particular purpose or use case. X | X
Device shape, material, and structure have something to do with protective devices reducing damage to an object. X | X X | X
Materials that reduce the peak forcesin a collision reduce the forces equally on both objects that make contact during a collision. X X
Materials that reduce peak forces have similar structures, such as air pockets or space for airand the ability to deform when a contact forceis applied. X | X X
More timein contact leads to a reduction in peak forcesin a collision. X
The more area forces are distributed over, the smaller the amount of peak force per unit area. X
The net force of objects whose motion isn't changingis O (e.g., a cushioner being compressed between two other objects). X
When two objects are in contact with each other, forces are exerted on both objects in opposite directions; the strength of the force on one object is X
equal to the strength of the force on the other object.
All criteria cannot be perfectly met all the time for all designs; most design solutions take into consideration trade-offs. X
Considerations can be ranked or prioritized to help make design changes or decisions.
An important criterion to consider is what the user or consumer of a solution wants. X
Redesign isinformed by evaluating possible trade-offs. X
CCCs
6.1,6.2 Structure and function X | X X [ X X
7.1,7.2 Stability and change X X X
2.2 Causeand effect X X X
4., 4.2 Systems and system models X | X X
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Lesson 15: Answer Key

Part 2 Key: Cheerleading Headgear Assessment

Scoring Guidance. The elements described below would be considered an exemplary response at this point in the unit. These are shown as purple text or in purple diagrams
below the related question. In some cases different elements of the response are identified with a separate + symbol These +s are not meant to be all inclusive; they are
suggestions for what you may see your students include.

If several of the ideas marked with a + are missing from a student’s response, this may indicate the student has not mastered the science ideas or that the student may be
struggling to bring those ideas together in a written explanation or model. Additional probing of their thinking can provide insight about whether the student is struggling with
a science practice or science idea, or both. If all or almost all of the ideas marked with a + are present in a student’s response, this may indicate the student has mastered the
science ideas and is able to use them in a written explanation or explanatory model.

Part 2: Designing an Optimal Solution (20 min)

Here are three different headgear devices used for cheerleading that you reviewed in part 1 of this assessment.

Design #1 Design #2 Design #3

These headgear devices were initially designed for other sports and then later people started using them for cheerleading. In competitions, cheerleading teams can earn points
for more-advanced stunts and showmanship. The higher and more complex the throws and gymnastics, the more potential points can be earned by a team. Teams are also
given points for engaging the crowd and overall appearance of the team.

Your task is to create an optimal headgear design for a cheerleader to wear in a competition. Complete the prompts below to describe your design choices.
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Considerations for design
1. What is the purpose of the design? What criteria does the headgear you design need to meet?
+ Purpose of the design is to provide protection to the head.

Criteria
+ Needs to have materials that have protective properties
+ ability to deform
+ space for air
+ thickness and shape optimized for the design solution

2. Pick one stakeholder who will be affected by your design and design with that person in mind.
® Who is the stakeholder you are designing for?
® What constraints do you anticipate your stakeholder will bring to your design? List at least 3 constraints that you think a helmet designer would have to consider.

Students should list a stakeholder who is relevant to the scenario. This stakeholder should be someone who either uses the design, benefits from the design, or is impacted by
the design.
Potential constraints

+size of helmet

+amount of the head the helmet covers

+ thickness of helmet

+any aesthetic constraints

+ price

+ Students may list additional constraints. All applicable and reasonable constraints are acceptable.

Your design
3. Use words and pictures to show the structure of your design solution. In your design solution, make sure to label the different parts and materials used in the structure. Draw
the proposed design on, over, and around the 2 views of the head shown below.
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2

+ Students should draw their protective designs on the two outlines of heads.
+ Students should label the parts.

+ Students should show the different materials.

+ Students drawings should show the coverage area of the protection device.

4. Explain how the materials in your design in #3 will function to reduce peak forces on a team member’s brain in a collision. Describe how any smaller-scale structures (small
and microscopic) that make up your materials help contribute to their function.

Student arguments should include how the materials will
+ have smaller pieces, layers, and sections of solid matter in them and have space for air to allow for the deformation of that solid matter.
+ deform over that space when a force is applied, leading to an increase in contact time and therefore a decrease in strength of forces.
+ optional: distribute the force over a greater surface area.
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5. Write an argument for why your design solution is optimal and meets the needs of your stakeholder. If you made trade-offs, discuss what trade-offs you made and why. [As
an alternative to writing your argument, you can use this space to prepare to present your explanation orally instead. Think about any imagery (diagrams, pictures, drawings)
you want to include in your presentation and how you will convey all the components of your design solution (why it is optimal and meets the stakeholder needs). If you
choose this route, make a plan with your teacher for when you can present your explanation.]

Optimal design solution argument
+ Look for students to make direct connections among the potential criteria constraints from question 2.
+ Students should show and/or explain how the trade-offs and stakeholder needs are addressed in the design.

Trade-offs
+ Look for students to point out specific constraints and compare the prioritization of the constraints.
+ Students should provide justification for the prioritization and evidence of the application of this trade-off in their designs.
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Name: Date:

Lesson 15: Answer Key
Part 1 Key: Cheerleading Headgear Assessment

Scoring Guidance. The elements described below would be considered an exemplary response at this point in the unit. These are shown as purple text or in purple diagrams
below the related question. In some cases different elements of the response are identified with a separate + symbol These +s are not meant to be all inclusive; they are
suggestions for what you may see your students include.

If several of the ideas marked with a + are missing from a student’s response, this may indicate the student has not mastered the science ideas or that the student may be
struggling to bring those ideas together in a written explanation or model. Additional probing of their thinking can provide insight about whether the student is struggling with
a science practice or science idea, or both. If all or almost all of the ideas marked with a + are present in a student’s response, this may indicate the student has mastered the
science ideas and is able to use them in a written explanation or explanatory model.

Protecting Athlete's Heads and Brains While Cheerleading

Many sports require or recommend helmets for protecting athletes heads and brains. There are helmets for biking and skateboarding, helmets for baseball and football,
helmets for rock climbing, and some people are even recommending headgear for soccer players. All of these are intended to prevent damage to the head or brain in the event
of a collision.

There are sports people participate in like basketball, soccer, and cheerleading where helmets or headgear are not required even though concussions and other head injuries
happen often. In cheerleading, concussions are very common. At least %3 of all injuries in cheerleading are concussions, usually from falling or head contact with the floor. In
one recent year of college sports, the cheerleaders at the University of Georgia had a higher rate of concussions than the football or soccer players. How could cheerleaders
protect their heads during competition?

Watch the video with your class to see the kinds of movements that the cheerleading athletes experience.

Part 1 Here are three different headgear devices that are currently being marketed as protection from potential concussions in cheerleading.
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Design #1 Design #2 Design #3

The headgear devices shown above were initially designed for other sports, and then people started using them for cheerleading.

1a. If you were a protective headgear device designer evaluating the materials being used in another company’s design, what properties or materials would you expect to see in a

good protective device if it were cut open?

+ The protective materials would have space for air.
+ The protective materials have the ability to deform a lot.
+ The protective materials might be thicker than other parts of the helmet.

+ The protective materials should be shaped so that the damaging object hits more protective material than other locations.

1b. Draw a model of the material structure you would expect to see in the design described in 1a. In your model, label each design feature. For each design feature you label,

explain in words how the structural properties help it function as a protective material.

Students models may vary in complexity or design but should include the following types of components (e.g., space
for air). Their explanations for the structural properties should be aligned to the explanations provided here:

+ Space for air. This allows the material to have more space for material deformation.

+ Ability to deform. This allows the deformed material to apply contact forces over a longer time during the
collision than if there was material in that space (this provides stronger contact forces than air resistance alone).

+ Longer time where contact forces are applied. This reduces the peak forces on the objects in the system.

+ Optional
+ Thickness of cushioning material. The thicker the material is, while still being easily compressible, the more it
will reduce the peak forces on the object that it is protecting
+ Shape. Different shapes provide different thicknesses and contact points: the greater the area of contact, the
more distributed or spread out the forces on the protected object.
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2a. When any of the designs above Student example #1
are worn on a person's head, the
person's head is in contact with the
headgear. When a person falls to the
floor and hits their head, the headgear
makes contact with the ground.

ground

Draw and label a diagram that shows
all three of these objects (head,
headgear, ground) in contact with
each other at the point in time when
the collision with the ground first
starts.

Student example #2

Two different example student models
are shown to the right.

headgear

ground

2b. Draw three free body diagrams, one for each object in your system in 2a. Include the following details in each diagram:
® Show the strength of the forces applied to each object in the system.
® Label what is applying this force to that object.
® Show the direction of these forces.
® Label the surface they are applied to.

Student example #1in 2a is used to show one possible set of free-body diagrams below.

. - LY et foro 1 wanfacd fores from Paeadges
¥, head | pursting on the haadgasr pwsting on the grawd
X & | headgear P
k - cantact force from grouand
confact farce from hesdpesy pushing an e heasgear
.l.""JS-"---'-g on ithe nead
. . Free body diagram for ground
Free body diagram for the head Free body diagram for the headgear y diag g

Key features to look for across all three free body diagrams

+ The size and length of the force arrows are the same in all diagrams.

+ There is a single force arrow on the head against the bottom side of it and pointing upward.

+ There is a single force arrow on the ground against the top side of it and pointing downward.

+ There are two force arrows on the headgear, one against the top side of it, pointing downward, and one against the bottom side of it, pointing upward.
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3a. During practice, a flyer (a person launched into the air) does not want to wear their headgear. Another member of the squad, a base (a person who launches the flyer and
stays on the ground), asks the flyer to wear their headgear because it will not only protect the flyer, but it will also further protect the base if their heads collide. Do you agree or
disagree with this claim?

Students can agree or disagree with this claim as long as there is an opportunity for coherent argument for their position either way as outlined below.
3b. Support or refute this claim by citing evidence from investigations we did and using any related science ideas we developed to defend your argument.
All students should include the following evidence:

If students agree (support the base person’s claim): Students must argue that there is a contact force on the head from the headband as it is compressed and makes contact
with the base person.

Evidence from investigations:
During the investigation of spring scales with cushioners in between
+ Both spring scales showed the same amount of force when one spring scale pushed on another with a protective material in between.

During materials testing
+ The cushioning materials reduced peak forces on both objects in a collision (with a constant amount of kinetic energy in the system before the collision).

In the spring scale distribution demonstrations and investigations:

+ The forces were equal on both sides of the protective materials (relevant for design #2 or design #3) or

+ Optional (if students are referring to design #1): In the case where there was a cushioning material shape with surface area that was different between one surface it was in
contact with versus another, it may have further reduced the amount of force on one object by spreading that force over a larger area.

Science ideas
+ Forces are distributed equally between each object making contact in a collision.
+ Materials that reduce peak forces do so on both objects they are between in a collision.
+The material can increase the time over which forces from the collision are applied to both people, which decreases the kinetic energy of the moving person (the flyer),
which decreases the amount of peak force applied to each person in the system.

If students disagree (refute the base person’s claim): Students must claim that the headband does not protect the entire head, so it is possible that the two heads would collide
without the headband experiencing the contact force between both heads during the collision.

Evidence from investigations
+ During materials testing
+ Some materials that were better cushioners reduced peak forces more than others.
+ But with no protective material in the middle of the collision, the peak forces will be the same with no benefit to either person.

Science ideas

+ Objects in a collision experience forces only by contact interactions with other objects.

+If the helmet is not in contact with the ground and the head during the collision, it cannot be compressed, and therefore cannot reduce the peak forces between the two
objects.
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Lesson 16 Teacher Reference

Project Options Overview

While all students will be engaging in creating a presentation for investors, some students may benefit from an extension activity. Different types of extension
activities for this project will fit the needs of different students and classrooms and provide different cognitive loads for students based on their abilities and interests.
This document describes those optional opportunities for project extensions for students. Assign these optional activities as desired for students on an individual basis
or as a class as time permits.

Optional activity 1: Creating a Scale Model
Creating a Scale Modelfocuses on the 7th grade geometry Common Core State Standards of building a device to scale. Some students may benefit from additional
practice in this real-life application of this mathematical standard, or their design may be too large to create a standard prototype for presentation purposes.

Potential additional materials needed to engage in this activity include the following:
e materials for the creation of student designs
¢ recyclable materials already identified for that purpose
e discarded items to be repurposed

This handout is written so that students can go through the process of creating a scale model on their own. If students need help, walk through each step with them. It
may help to revisit the Factors and Multiples Chart provided to discuss how multiples can be used to find the factors of different numbers and scale models can be
determined by scaling up or down by the factors of the dimensions.

At the end of the handout, students will be prompted to visit with the teacher about their scale model before beginning to create their physical scale model prototype.

Optional activity 2: Determining Your Prototype Testing Conditions

Determining Your Prototype Testing Conditions focuses on developing a prototype to engage in the testing of the design. If wanted, students could engage in the
iterative process of testing, redesigning, and retesting used in OpenSciEd Unit 6.2: How can containers keep stuff from warming up or cooling down? (Cup Design
Unit) and OpenSciEd Unit 7.2: How can we use chemical reactions to design a solution to a problem? (Homemade Heater Unit) and as referenced in the performance
expectation MS-ETS1-4. The handout has students generate data to provide to investors about the performance of the design and provide evidence for the
functionality of the proposed solution.

Potential additional materials needed to engage in this activity include the following:
sugar glass of different thicknesses and sizes
water balloons
eggs in small plastic bags
building materials
access to a stairwell
slingshot for larger objects (can be found for pumpkins online from various retailers)
materials for the creation of student designs
¢ recyclable materials already identified for that purpose
e discarded items to be repurposed
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In this handout, students will be asked to identify the proper testing conditions based upon the amount of kinetic energy that their proposed device will encounterin a
collision. Students will be asked to diagram the testing procedure and create a data table to use for test results.

Students will be prompted to check in with their teacher before any building or testing of prototypes begins. If this handout is used, make sure to verify all decisions
and testing conditions before allowing students to proceed with their plans.

Optional activity 3: Optional Project Extensions
Optional Project Extensions focuses on additional visual aid development for the purpose of the investor presentation. Students are directed to create an additional
visual aid of their choice, including the options to create the following projects:

poster
brochure
flyer
infographic

Potential additional materials needed to engage in this activity include the following:

paper and other presentation materials

markers, colored pencils, rulers, and other writing materials

technology resources

For a full list of options related to technology use for the completion of this activity, see Investor Presentation Choice and Platform Information.

This project can be as big or as small as the student wants to create. Students will have the ability to pick their project platform and are prompted to share and discuss
this choice with the teacher before beginning this extension activity.
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Lesson 16 Teacher Reference
Investor Presentation Choice and Platform Information

Project Type Considerations

Below is a list of considerations for each type of project. Think about these options when allowing your students to select their project choice. Consider your materials available,
space in your room, and other factors such as how students are expected to turn in their work. Remove any options from Optional Project Extensions if they do not fall in line
with your school’s privacy policies or student expectations. Student privacy policies vary widely by school and district. Remember to check with your school’s student privacy
policies before approving the use of any specific projects, websites, or apps.

Posters, brochures, flyers This more-traditional option can be done without any digital tools.
Paper can easily be lost by students without a paper management system.
These items can be done on a variety of digital platforms as well.

Different digital tools have different sharing settings and capabilities.

Infographic Such a visual aid is more susceptible to copying and pasting.

It might require additional sources of data.

Could be viewed before or after class
Easily shareable

Reduces anxiety for some students
Might require time to learn editing tools

Prerecorded presentation
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Potential Digital Project Platforms

Below is an alphabetical list of some widely used digital project creation platforms along with their pros and cons. This list is not all-inclusive but will give an idea of different
ways students can demonstrate their learning. Each platform is linked to the Commonsense.org review when available, if you would like further information regarding the

digital tool.

Adobe Spark

Use

Adobe Suite has many different applications and
uses.
Can be used to create

® posters

® charts

o flyers

Very versatile

Many different presentation
options

Looks professional
Web-based platform

Meant for ages 13 and up, if no
school login is available

Check sharing settings against
school policies.

Choices could be overwhelming to
some students.

Steeper learning curve than Google
platforms

to create mock TikTok

Google Docs More-traditional word processing application ® Easy to use ® Limited ability to reformat pages
Can be used to create ® Familiar to most students ® Charts can be hard to lay out or
® ascript ® Web-based platform organize in different ways.
® brochures e Different layouts exist on the ® Text direction cannot be changed.
o flyers Google suite for a variety of
e charts purposes.
® (Can be shared with select
stakeholders
Google Drawings | Online drawing tool similar to Microsoft paint ® Easyto use ® Has limited tools to utilize
application ® |ntegrates with other Google ® No premade templates or layouts
Can be used to create applications e Simplistic look vs. a more-
® posters ® Can import images from search sophisticated look achieved with
® billboards features Adobe tools
o flyers ® Can be shared with select
stakeholders
Google Slides Tool traditionally used to create presentations ® Easy to use ® Hard to create detailed drawings
Can be used to create ® Familiar to most students ® Harder to export as a JPG if needed
® posters e \Web-based platform
e billboards ® Multiple premade layouts and
o flyers color schemes
® Can be shared with select
stakeholders
iMovie Tool traditionally used for creating and editing videos ® Easy to use ® Available only on iOS platforms
Can be used to create e Templates and layouts available ® Limited video editing available
® recorded presentations e Allows for voice-overs
® Would need a webcam or camera
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https://www.commonsense.org/education/website/adobe-spark
https://www.commonsense.org/education/website/google-drive
https://www.commonsense.org/education/app/google-drawings
https://www.commonsense.org/education/website/google-drive
https://www.commonsense.org/education/app/imovie

software included on Mac devices
Can be used to create
® recorded presentations

® Can upload or modify any videos
® Can be used to record audio

Keynote Tool traditionally used to create presentations ® Similar to Google Slides Available only on iOS platforms
Can be used to create ® Has more features than Google Harder to share with classmates
® posters Slides and stakeholders
e billboards ® Basic graphics and layouts
o flyers available
® \bice-overs can be added but are
more difficult to integrate.
Microsoft Tool traditionally used to create presentations ® Similar to Google Slides Harder to share with classmates
Powerpoint Can be used to create ® Has more features than Google and stakeholders
® posters Slides School needs Microsoft Office
e billboards ® Basic graphics and layouts license to utilize
o flyers available Doesn't function as well on iOS
® Easy to record and play audio devices
over slides
Piktochart Application typically used to create infographics ® Students can create professional- Basic features are limited
Can be used to create looking graphs and charts Does require a free login
® infographics ® Templates available
® posters ® Controlled sharing settings
o flyers available
Powtoon Tool traditionally used to create presentations ® Many different presentation Students can add pictures and
Can be used to create formats videos from a variety of sources,
® posters ® Premade templates including Flickr, which may not be
® recorded presentations ® Many different ways to share the supported by some schools.
product Check with student privacy policies
® A multitude of images and videos if students use images or likenesses
are available to use. due to the shareability of Powtoon.
® Easy to use
® May need recording device if
doing a newscast
® Can upload and use your own
videos
® Web-based platform
QuickTime Traditional recording, video editing, and playback ® Easyto use Microsoft version is no longer

supported by Apple.

Comes with macOS

Does not have a lot of standard
templates or music to utilize
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Lesson 16 Teacher Reference

Potential Accompanying Standards

Different projects will lend themselves to different potential standards for ELA, mathematics, and technology based upon their modality and presentation style. Use the tables
below to help develop any accompanying rubrics or materials for students in your classroom. Consider sharing these standards with teammates who may also teach these
content areas to develop a cross-curricular connection. The list below is not exhaustive and are only suggestions, not recommendations. Many states that do not use Common
Core standards have similar areas such as reading, writing, speaking, and listening that can be cross-referenced. Ultimately, consult your own state adopted standards when
deciding on any potential additional standard alignments.

ELA Common Core College and Career Readiness Standards Connections
Consider the following Common Core ELA standards for student use. Many standards are applicable to more than one project. Depending on state, this alignment may vary.
Consult your state standards documents for further guidance.

I ™ S

Reading

Integration of Knowledge and Ideas | CCSS.ELA-LITERACY.CCRA.R.7 | Integrate and evaluate content presented in diverse media and formats, including visually and
quantitatively, as well as in words.

Writing
Text Types and Purposes CCSS.ELA-LITERACY.CCRA.W.2 | Write informative/explanatory texts to examine and convey complex ideas and information clearly
and accurately through the effective selection, organization, and analysis of content.
Production and Distribution of CCSS.ELA- Produce clear and coherent writing in which the development, organization, and style are
Writing LITERACY.CCRA.W.4 appropriate to task, purpose, and audience.
Production and Distribution of CCSS.ELA- Use technology, including the Internet, to produce and publish writing and to interact and
Writing LITERACY.CCRA.W.6 collaborate with others.

Speaking and Listening

Comprehension and Collaboration CCSS.ELA- Integrate and evaluate information presented in diverse media and formats, including visually,
LITERACY.CCRA.SL.2 quantitatively, and orally.
Presentation of Knowledge and CCSS.ELA- Present information, findings, and supporting evidence such that listeners can follow the line of
Ideas LITERACY.CCRA.SL.4 reasoning and the organization, development, and style are appropriate to task, purpose, and
audience.
Presentation of Knowledge and CCSS.ELA- Make strategic use of digital media and visual displays of data to express information and enhance
Ideas LITERACY.CCRA.SL.5 understanding of presentations.
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Common Core Mathematics Standard Connection

Consider the following Common Core math standard for student use if a scale model is created. The creation of a scale model requires the use of factors and multiples. While
the concept of factors and multiples are developed in grade 4, these ideas are utilized in the creation of scale models in middle school. Depending on the state, this alignment
may vary. Consult your state standards documents for further guidance.

Standard Indicator Statement

Grade 7 - Geometry CCSS.MATH.CONTENT.7.G.A.1 Solve problems involving scale drawings of geometric figures, including computing
actual lengths and areas from a scale drawing and reproducing a scale drawing at a
different scale.

ISTE Standard Connection
Consider the following technology standards for student use. Many ISTE standards are applicable to more than one project. Depending on the state, this alignment may vary.
Consult your state standards documents for further guidance.

T T T R

Computational Thinker 5b Students collect data or identify relevant data sets, use digital tools to analyze them,
and represent data in various ways to facilitate problem-solving and decision-
making.

Creative Communicator 6a Students choose the appropriate platforms and tools for meeting the desired

objectives of their creation or communication.

Creative Communicator 6¢ Students communicate complex ideas clearly and effectively by creating or using a
variety of digital objects such as visualizations, models or simulations.

Creative Communicator 6d Students publish or present content that customizes the message and medium for
their intended audiences.

Global Collaborator 7a Students use digital tools to connect with learners from a variety of backgrounds and
cultures, engaging with them in ways that broaden mutual understanding and
learning.
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