UNIT STORYLINE

Unit Question: Why does contact between objects sometimes cause damage, and how can we

protect against it?

How students will engage with each of the phenomena
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Phenomena or Design Problem What we do and figure out How we represent it

LESSON 1

3days

What happens when two
things hit each other?

Anchoring Phenomenon

A

Millions of phones are damaged a year in our

country, and many of us have experienced
such damage firsthand. We have a lot of
experiences where a collision between two
objects causes dama, ie and also experiences
where it surprisingly does not.

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

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

Collisions

something doesn't break. We consider some of the Resu A+€++\e mosert | A sple
factors that could have made a difference in the o | of contoct ) Second later
outcomes of these collisions. This motivates us to A B s
create a Driving Question Board (DQB) and L ) < ““J";
brainstorm possible investigations we could do in Dou\og: Touching L

order to answer our questions. We figure out:
¢ In a collision 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.

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

LESSON 2

2 days

N

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.

What causes changes in the
motion and shape of colliding
objects?

Investigation

A

We explore colliding objects and record observations

about changes in their motion and shape. We Lnferactions  in +he system
analyze slow-motion videos of some of these B tision | cwser | om0
collisions. We develop a model to represent what we P ] \

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:
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¢ 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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4 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.




Lesson Question

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

A

Cars, golf balls, baseball bats, and baseballs
visibly bend and chanFe 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 shapeina
collision and when other contact forces are
applied to them.

Detorm

W\\. Jeboms

U 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.
permanentlys)7

Investigation

AEIE]L

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 graph our data and compare these
graphs to those from other materials tests. We
develop a model to represent the elastic and non-
elastic 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 aPplied to them, up to a point.

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

¢ 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.

e 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.




Lesson Question

Phenomena or Design Problem

What we do and figure out

How we represent it

LESSON 5

3 days

How do the force interactions
on the objects in contact
compare?

Investigation

A

When one of two objects (fingers or spring
scales) are fpushed against each other, both
objects de

We carry out investigations and develop models to
represent how the strength of those forces compare

l Before the Collision

During the Collision

Perspective)

on objects in contact. We develop an input-changes-
output model of a spring scale. We plan and carry
out an investigation andg develop a model to
represent the relationship between differences in the
kinetic energy of a moving object and the strength of
the peak contact forces in a collision. We figure out:
When an object is motionless, any forces
acting on it will be balanced--the ones
acting in one direction will add up to those
actl)ng in the opposite direction (net force =
ON).
e A spring scale is a device that changes an
input to an output we can interpret as a
measurement of the strength of a force.
¢ A free body diagram represents the forces
acting on a single object.
* Objects that collide apply an e ually strong
peak contact force (maximum force)
each other in opposite directions durlng the
collision, regardless of the mass or speed of
those objects.
¢ Increasing the speed or mass of a moving
object increases its kinetic energy (KE).

erspective)

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 and how can we use
those ideas?

Putting Pieces Together,
Problematizing

—

©

Youth soccer players in the United States are
experiencing more concussions. Acupressure
mats can be used to support recovery from
other, minor soccer injuries.

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.
e We can apply our learning to answer
guestlons about peak contact forces and
amage caused by moving objects in soccer
collisions, as well as questions about the
forces in acupressure.

Circumference 25-26 inches (63.5-66 cm)

Circumference 27-28 inches (68-70cm)

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.




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

LESSON 7 ; 7 We carry out two investigations using physical

materials and a computational simulation to gather How cioanges i mass and speed afled e
Qmovnt © of  kinehic ey an opject  has

2 days and analyze data. We use data to determine the

effects of changing the mass or speed of an object ; nr Ol
: the kinetic enesgy of dobject iz colisi Bor_cranps i mess (s 15, 8 [T
How much does doubling the on the kinetic energy of a second object in a collision. ——— ~ poreciel reldes i)
speed or doubling the mass Weoﬂg'll'JI:Z (lziuntétic energy of an object is directly f o isﬁ 3 Romsbe enorgy Hhare
i i = however many himes  moe fine y
(a)f;_eeitt_t)he kinetic energy of an proportional to its mass; the KE of an object is 15 or Fachen of M e s
ject: A cart moving down a track collides with and proportional to the square of its speed. Yo cranges 1 Speed :
Investigation sticks to a stationary cardboard box and * The more kinetic enerﬁy an object has, the (roweser ooy Hmes mpre Speed e 15 O fracken
moves the box a certain distance down the more you have to push against the direction of ® W Fwe VP

track before both the cart and box come to a its motion to get it to stop. = Vowever  many Hmes  move Jomehic enorgy

@D\ 2= stop. ¢ The more kinetic energy an object has, the wre 5 or Kucinglogiil tas e
) \ ‘c)) [\ more damage it can do in a collision.

U Navigation to Next Lesson: We have some initial ideas and some specific questions about where the energy is coming from and where it is going in our cart-launcher system.

LESSON 8 We develop a model to show where energy is z oot o
transferred between the spring, cart, and box and e Y wacer, cart, box , and Arack systen
1day how contact forces cause this energy transfer. We

then revisit the Driving Question Board to evaluate
our progress. We figure out:
e The more force you apply to an object, the
more that object speeds up.

Key

enecgy is
TS berng
4cansferred

Where did the energy in our
launcher system come from,

g?ciiitaftg'; the collisions, where * It takes more force to speed up a more- oy — oo
go: massive object the same amount as a lower- e e forues heee
Putting Pieces Together mass object. . =
. .. .  Forces can cause a temporary (elastic) bt 2
P Different collisions have different effects on deformation of matter, which stores energy . p [
(1O \ the cart and box system. in the system. The amount of energy stored i y W i
\ J) in the system is related to the amount of 3 :
elastic deformation, as well as the thickness. ears i =]
The energy stored in all of these systems is T e .
sometimes referred to as potential energy. e 45 LK

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

U Navigation to Next Lesson: We have answered a number of our questions but we still have some questions about force and how to measure it.




What we do and figure out

Lesson Question Phenomena or Design Problem How we represent it

LESSON 9 We investigate five different sensors and record the
changes we make (input) and the resulting data _
2 days displays on the micro:bit (output). We discuss how Lomparing Seucore
these sensors are detecting forces or some other G Dyt . st s
What inputs can different measurement that would let us measure a change in Pty | sodtisbec | dinilr
sensors detect and how can forcF. V;I.e worlf< twhlth a partnt\e/(/ tof.bralnsto;'m possible T e “:""’“"
applications of the sensors. We figure out: T | et
we repurpose them to pp. Sensors can be used to de%ect different inputs G| kol betonon b e
respond to changes in the such as changes in position, shape, or applied e o the b drection
force applied to a system? force and can result in different types of data Lo ot | ettt
output.

Investigation

@4

¢ The structures of sensors let us know how
they function, and because of these
structures, we can use sensors for a variety of
applications.

A micro:bit connected to a different type of
sensor can respond to different types of input
from the environment and produce different
types of output (e.g., a display of letters,
numbers, symbols, or making a sound).

U Navigation to Next Lesson: We compared spring and digital scales found in the produce section of a local supermarket, which led us to wonder how digital scales measured forces.

LESSON 10 We consider differences in how digital scales
measure forces compared to spring scales. We watch | e e
1day avideo of a di%ital scale dissection. We explore a i Plce toapply oot e |Gl plateap
digital load cell and identify the key structure that v
How might a digital device measures force. We look at images of the metal bar S o Y
; and record structures and their possible functions s sl - ] e
measure forces more reliably We figure out that: :
han rin ? e - . i e wptonhtbe | White ucvithsenor
than a spring scale * T different digital scales have similar
ioati structures in them: a) metal bar that serves Seoms hon x ores gyl
Investigation . .. L et i - PDal A
Different types of digital scales contain similar a similar function as the spring in the spring Corm— o o

—=

@

structures, which have varying shapes that
determine the amount of force the scale can
detect.

scale, b) a small detector attached to the
metal bar, c) batteries, d) a
microchip/computer, e) a display/screen,
and f) wires connecting these parts
together.

e The ranges of force measurements that two
different digital scales can provide are due
to the differences in the elasticity and
thickness of the metal bars in them.

Plastic housing

Protects everything, holds
everything in place

Clear plastic bottom

Wires

Cannect metal bar to computer
chip, screen to batteries,
computer chip to batteries
Wires send signal between the
metal bar and computer chip
Wires send power between the
batteries and screen and
computer chip

v

Computer chip

Measures the weight and sends
numbers to display screen

U Navigation to Next Lesson: We decide to record the similarities and differences between how digital and spring scales measure forces. We begin to examine the code that runs a flex sensor.




Lesson Question

Phenomena or Design Problem

What we do and figure out

How we represent it

LESSON 11

3 days

How does the micro:bit know
what output to provide when
the sensor gives an input?

Investigation

Different sensor systems behave differently
and have different programs on them.

We model the digital scale and identify that we have
yet to make sense of how a computer takes
information from the input and gives a mass or force
measurement as output. We make sense of code for
the flex sensor s¥stem and apply this understanding
to make sense of the digital loacY cell code and the
program for another sensor system. We modify the
code for a sensor system. We figure out:

The digital scale can be mapped to a spring

scale in terms of |nputs and outputs.

e A computer Frogram or code) provides
instructions for a computer to handle an
input and give the desired output.

e Variables, loops, and conditionals are all
features of computer programming that
can be used for different purposes.

¢ A flowchart can be used to represent what
is happening in code or another process or
plan a new program.

e Sensor systems must be calibrated to
match what they detect to a measurement
we care about, such as force.

» Computer engineers/programmers often
reuse and repurpose existing code and
attribute where the original code came
from when building new software
applications.

4 Navigation to Next Lesson: We have made some initial attempts to modify code for force measurement but could use more practice in doing so.

INPUT
What does this
system respond to
or detect from its
surroundings?

CHANGES IN THE
SYSTEM
What changes does
this cause within the
system?

OUTPUT
What change or
result do we
observe from the
system?

Input/Output Model for a Sping Scale

Push foee on black rubber
[

Input/Output Modelfor a igital Seale

Push force on the pan/iray/plate/metal
pice on top

Spring defoms fo 3 new lngth...

The beam doforms and the flex sensor
bends...

End of plunger aligns fo nambers and
ks an case and we read and intorpret
using our eyes

the computer/micropocessor/miero:bit

Number appeas on display/screen that
e ead and interpre using ur eyes




Lesson Question

Phenomena or Design Problem

What we do and figure out

How we represent it

LESSON 12

3 days

How can sensor systems be
designed to differentiate
between high- and low-
energy collisions to help
prevent damage from larger
impacts?

Investigation

Al

Force sensor systems can be developed and
calibrated to measure the relative amount of
energy transfer in different-size collisions.

We design the code for a force sensor system. We
then test whether our code can distinguish between
low- and high-ener%zl collisions. We conduct
investigations to gather evidence to explain what
other forces affect the kinetic energy of an object
before a collision. We revise our “Cart-Launcher
System” poster to show additional places in the cart-
launcher system where energy is transferred and
how contact forces cause this energy transfer. We
figure out:
e Sensors can be repurposed, using new
code, to measure differences in changes of
motion to classify the size of collisions.

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.

¢ Interactions due to friction and air
resistance apply contact forces to a moving
object that are in a direction that is
opposite the object's motion.

e 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 (i.e., a temperature increase).

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

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

time 0

time 1

Launcher Box
U e o
e

[rm— ﬂ Box
-3 e
L Y o ] Track
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4 Navigation to Next Lesson: We can predict how different structures affect the transfer of energy in our force sensor system, but can we apply these ideas to explain a new phenomenon?

LESSON 13
1day

Why do some objects break
or not break in a collision and
how can sensors help prevent
collisions?

Putting Pieces Together

L&

BRAKE WITH YOUR FINGERTIP!
X

Electronic braking systems are available for
bikes that can be triggered by the rider,
another person, or automatically by a
computer.

We take stock of the questions we can now answer
on the Driving Question Board. We apply our ideas,
in an assessment, to a new set of collision-related
phenomena in the context of an electronic braking
system for bicycles. We begin to think about
additional design applications. We figure out:
¢ We have made progress on our DQB
questions.
e We can apply our ideas about mass, speed,
peak contact forces, and energy transfer to
explain automatic bicycle braking systems.

Back Bicycle Front

U Navigation to Next Lesson: We have made a lot of progress on our ideas for using sensors for force measurement applications. We should try to make some of those ideas a reality.




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

LESSON 14 We identify our design goals for a sensor system and B
read about how engineers approach designing a ) Crera
1day sensor system for wind measurement. We identif

constraints for our project as a class. We meet wit
our partners to brainstorm criteria to successfully
address design subproblems. We work as a class to
develop a list of criteria and how to represent and
communicate them. We figure out:
¢ Engineers use criteria and constraints to -
help them design sensor systems for

What criteria should we use
to evaluate all the different
design solutions we want to
build, test, and refine?

Investigation various applications.
P ¢ Constraints are limitations that any design
( @) We have different design ideas to measure must follow. " h ,
\ o) force in different applications, but need a way ¢ Criteria daéjr e specific needs that any design
to evaluate designs. must address.

¢ We can communicate our design thinking
to make it visible to others.

4 Navigation to Next Lesson: Now that we have defined our various design goals and identified how to communicate our work, we can work with our partners to finalize our designs using the constraints and
criteria.

LESSON 15 We work with our partners to finalize our designs to
work within the constraints and successfully address

3 days the criteria we identified in Lesson 14. We work on a
subsystem each day and record our process in an Write/draw/add photos:

How does building and
(re)testing a prototype of our
designs help us refine our
design proposals?

engineering design journal. We figure out: Wihatwasyourfral desig? Add 3 phtosf thephysial
e An engineering design journal is a tool to il
help record the iterative process used to
test and refine prototypes.
¢ Scientists and engineers use an iterative
process when trying to design solutions to A
real-world problems.

Investigation

A

U Navigation to Next Lesson: We feel confident in our designs, but need to seek feedback from our peers.

Explain why you chose this version as the fnal design.

Sensor systems can be used to measure and
respond to high winds or other applications.




Lesson Question

LESSON 16
1day

How can we use feedback
from other teams to refine
our own designs?

Putting Pieces Together

il

Feedback )

Phenomena or Design Problem

We have different force measurement design
ideas that can still be improved.

What we do and figure out

We reflect on how our design process compares to
the work of professional hardware engineers. Our
design team splits up and forms larger groups with
students from two other design teams. We share our
designs and receive feedback on sticky notes. We
meet back with our partner to organize and
determine ways we can address the feedback. We
figure out:
e Feedback is an important piece of
information to guide design refinement.
¢ Designs can sometimes be strengthened
by incorporating aspects of other designs.

How we represent it

Get Feedback

Write/draw/add photos: After sharing your design
and test results, record feedback here

U Navigation to Next Lesson: Now that we have received and used feedback from our classmates, we can start to develop a way to communicate our design with other potential stakeholders.
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U Navigation to Next Lesson: There is no next lesson.

We have developed different force
measurement solutions.

In this optional lesson, we develop a presentation to
share our design with community stakeholders. We
figure out:
¢ As adesigner, information has to be
presented in a relevant and engaging way that
shows stakeholders their needs are taken into
account.

Plan your presentation

LESSONS 1-17
32 days total



