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Unit Synopsis: Ambitious Science

Teaching Framework

Students investigate a phenomenon of how the magnets
on a magnetic ring toy appear to levitate and how, after
compressing and releasing them, the magnets spring up
into the air. Over the unit, students learn about balanced
and unbalanced forces to work towards explaining how I

. . Planning for
and why the gaps between magnets are different sizes engagement with

and how the magnets move or ‘float’ in particular ways. e
: 1

This unit is structured into two sets of lessons. First, .

students learn about pushes and pulls, material “;ET!?;’"?EZES ftlﬁgrtf ideas
properties, magnetic fields, and how multiple forces can itk ny
act on one object to explain how the magnetic ring toy

works. Then, students ask questions, design and conduct

their own investigations, and write an informational text

to answer their testable questions about magnets and

magnetism. Ultimately, students develop and revise

evidence-based models to explain how the magnetic ring

toy works and then apply these ideas to explain their

investigation data and other magnetic force-related

phenomena that we use in everyday life.

)
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Ambitious Science Teaching

We provide here a vision of ambitious teaching—teaching that is effective, rigorous and equitable. But
more than that, we provide a framework of research-based teaching practices that are consistent with this
vision and a wide range of tools that can transform how students learn in your classroom. The vision,
practice, and tools will furnish a common language about teaching for a group of science educators
committed to the improvement of teaching. You will be able to identify “what we will get better at” and
how to get started.

Ambitious teaching aims to support students of all
racial, ethnic, and social class backgrounds in deeply
understanding science ideas, participating in the talk of
the discipline, and solving authentic problems. This
teaching comes to life through four sets of teaching
Planning for practices that are used together during units of
engagement _W'th instruction. These practices are powerful for several
important science .
ideas reasons. They have consistently been shown through
1 research to support student engagement and learning.
They can each be used regularly with any kind of

3 science topic. And finally, because there are only four
Supporting on- sets of practices, we can develop tools that help both
going changes teachers and students participate in them, anyone

in thinking familiar with the practices can provide feedback to
other educators working with the same basic repertoire,
teachers can create productive variations of the
4{, O\Q\ practices, and everyone in the science education
€n t"()n t{o o community can share a common language about the

continual improvement of teaching.

The four Ambitious and Equitable Science Teaching Practices are summarized in the below.

Supporting on-going changes in e Using ALL activities/lessons to explain the phenomena.
thinking ¢ Giving students opportunities to revise their thinking
based on what they’re learning

Pressing for evidence-based ¢ Allowing students to create a final model or explanation
explanations about the phenomena
e Pressing students to connect evidence to their explanation




Many teachers want to know what their classrooms should look like and sound like—they want
to understand how to interact with their students about science ideas and students’ ideas. This is
especially true now that the Next Generation Science Standards are being used in many states.

As a result of the last 30 years of classroom research, we know enough about effective instruction to
describe in clear terms what kinds of teaching practices have been associated with student engagement
and learning. This research tells us that there are many ways that teachers can design and implement
effective instruction, but that there are common underlying characteristics to all these examples of
teaching that can be analyzed, described, and learned by professionals. These practices embody a new
form of “adaptive expertise” that EVERY science educator can work towards. Expert teaching can
become the norm, not reserved for a select few. Ambitious teaching is framed in terms of practices that
any teacher can learn and get better at over time. What would we see if we entered classroom of a
science educator using ambitious teaching? To give you a sense of what ambitious teaching looks like,
we have described below some features common to all science classrooms where ambitious teaching is
being implemented (listed on right). These features address everyday problems with learning and

engagement that teachers face (listed on left).

Common problems in supporting student
engagement and learning

What you’d see in a science classroom where
ambitious teaching is the aim

The problem: Students don’t see how science ideas fit
together. Each day is perceived by students to be the
exploration of ideas that are unconnected with previous
concepts and experiences.

At the beginning of the unit, students are focused on
developing an evidence-based explanation for a complex
event, or process. Students know that throughout unit, most of
the activities, readings and conversations will contribute to
this explanation.

The problem: An oversimplified view of what it means
“to know.” Science ideas perceived to be
straightforward and learnable within a lesson—either
you get it or you don’t.”

An idea is never taught once and for all, but revisited multiple
times. Students’ science explanations are treated as partial
understandings that have to be revisited over time to become
more refined and coherent.

The problem: Lack of student engagement. Students’
experiences and interests not elicited or seen as relevant.
Student ideas treated as “correct” or “incorrect.”

Students’ ideas and everyday experiences are elicited and
treated as resources for reasoning; students’ partial
understandings are honored as a place to start. They are made
public and built upon.

The problem: Students reluctant to participate in
science conversations.

Teachers dominate the talk, ask primarily for right
answers, get brief responses from students.

Teachers use a varied repertoire of discourse moves to
facilitate student talk. Guides and scaffolds for talk help
students feel comfortable interacting with peers.

The problem: Some students have little support for
accomplishing tasks that would otherwise be within
their grasp. Little or no guidance for students’
intellectual work. Giving “clear directions” is seen as
enough to ensure participation in activities.

There is scaffolding that allows students to participate in
science-specific forms of talk, in group work, and in science
practices.

The problem: Invisibility of student ideas and reasoning.
Teacher does not know what students think—their heads
are a black box. Cannot then work on students’ ideas.
Students cannot take advantage of the ideas or ways of
reasoning by their peers.

Students’ thinking made visible through various public
representations (tentative science models, lists of hypotheses,
question they have, etc.). The teacher can see how students
think and how that thinking could change over time. Students
benefit from seeing and hearing the reasoning of others.

The problem: /llusion of rigor. Students reproduce
textbook explanations, lean on vocabulary as a
substitute for understanding. Talk of evidence and
claims are rare.

The teacher presses for complete, gapless explanations for
unique real-life events or processes, and press for the use of
evidence to support claims.

As you will see, ambitious teaching is not a “method,” and the teaching practices are not scripts. It is a
set of principled practices that must be adapted to your classroom needs. Coaches and other teachers can
work with you to do this ambitious work.



Non-Contact Forces & Motion Unit - Grade 3
Forces & Motion Unit Overview - Grade 3 - Magnetism

In this unit, students consider: How can non-contact forces acting over a distance on an object cause the object to start moving,
stay moving, stop moving, or remain still? To address this, students learn about science ideas to explain how a magnetic ring toy
works. They ask questions, determine which questions are testable, and, with guidance, conduct investigations to collect data that
helps answer their questions about magnets and the effects of non-contact forces and the motion or position of objects.

Phenomenon
A magnetic ring toy has a magnetic base and a plastic stick to hold donut-shaped magnets. These magnets have different
distances between them and move in different ways depending on how they are oriented and if we push or pull on them.
e Why are there sometimes spaces between the donut-shaped magnets? Do the gaps change size when
adding/removing magnets? Why do you think this happens?
e Push the magnets down and then let go. What happens? Why do the magnets separated by gaps seem “bouncy”?

Next Generation Science Standards*

Below are performance expectations targeted in this unit. The three dimensions—Science and Engineering Practices
(SEP), Disciplinary Core Ideas (DCI), and Cross-cutting Concepts (CCC)—should be combined in a variety of ways to
support student sensemaking in three-dimensional learning experiences.

e 3-PS2-1. Plan and conduct an investigation to provide evidence of the effects of balanced and unbalanced forces on the motion of an object. [Ciarification
Statement: Examples include an unbalanced force on one side of a ball makes it start moving; and, balanced forces pushing on a box from both sides will not produce any motion at all.] [Assessment Boundary: Assessment is limited
to one variable at a time: number, size, or direction of forces. Assessment does not include quantitative force size, only qualitative and relative. Assessment is limited to gravity being addressed as a force that pulls objects down.]

e 3-PS2-2. Make observations and/or measurements of an object’s motion to provide evidence that a pattern can be used to predict future motion.
[Clarification Statement: Examples of motion with a predictable pattern could include a child swinging in a swing, a ball rolling back and forth in a bowl, and two children on a see-saw.] [Assessment Boundary: Assessment does not
include technical terms such as period and frequency.]

e 3-PS2-3. Ask questions to determine cause & effect relationships of electric or magnetic interactions bet. two objects not in contact with each other.

[Clarification Statement: Examples of an electric force could include the force on hair from an electrically charged balloon and the electrical forces between a charged rod and pieces of paper; examples of a magnetic force could
include the force between two permanent magnets, the force between an electromagnet and steel paper clips, and the force exerted by one magnet versus the force exerted by two magnets. Examples of cause and effect
relationships could include how the distance between objects affects the strength of the force and how the orientation of magnets affects the direction of the magnetic force.] [Assessment Boundary: Assessment is limited to forces
produced by objects that can be manipulated by students, and electrical interactions are limited to static electricity.]

e 3-PS2-4. Define a simple design problem that can be solved by applying scientific ideas about magnets. [Clarification Statement: Examples of problems could include
constructing a latch to keep the door shut and creating a device to keep two moving objects from touching each other.]

Science & Engineering Practices Disciplinary Core Ideas Cross-cutting Concepts
Asking Questions and Defining Problems PS2.A: Forces and Motion Cause and Effect
Ask questions that can be investigated based on patterns e Each force that acts on one object has both strength and direction. An object at rest typically has e Cause and effect
such as cause and effect relationships. Define a simple multiple forces acting on it, but they add up to give a zero net force on the object. Forces that do relationships are routinely
problem that can be solved through the development of a not sum to zero can cause changes in the object’s speed or direction. identified,tested, and used to
new or improved object or tool. e The patterns of an object’s motion in various situations can be observed and measured; when that explain change.
Developing and Using Models past motion exhibits a regular pattern, future motion can be predicted from it.
Use models to describe phenomena. PS2.B: Types of Interactions Patterns
Planning and Carrying Out Investigations e Objects in contact exert forces on each other. e Patterns of change can be
Conduct an investigation collaboratively to produce data to e Electric and magnetic forces between a pair of objects do not require that the objects be in contact. used to make predictions
serve as the basis for evidence, using fair tests in which The sizes of the forces in each situation depends on the properties of the objects and their
variables are controlled and the number of trials considered. distances apart and, for forces between two magnets, on their orientation relative to each other.

* Next Generation Science Standards is a registered trademark of Achieve. Neither Achieve nor lead states & partners that developed Next Generation Science Standards were involved in the production of this product, and do not endorse it.

Developed by C. Colley, PhD ccolley@rentonschools.us, with Grade 3 teachers and students at Sartori Elementary, Renton Public Schools
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Big Science Ideas

1. Objects exert forces on each other.
Objects that touch each other can put force on each other (contact force), like a foot pushing a soccer
ball. However, electric, magnetic, and gravitational forces between objects do not require objects to
touch to exert forces on each other (non-contact forces). We can classify forces as pushes or pulls.

2. Forces between objects can cause changes in motion.
Forces can cause objects to start moving, stay moving, change direction, change speed, stop moving
(unbalanced forces). Forces are always present even if there is no detectable motion (balanced forces).
Motion is relative -- a comparison between the object in motion and a reference point.

3. The strength of a force acting on or between objects depends on several factors.
Properties of the objects (i.e. mass, size, or material), initial speed of the objects, distance between the
objects, orientation of objects relative to each other can affect how much force is needed to change the
object’s motion or position.

4. Forces transfer energy from one place to another.
When two objects interact, each one exerts a force on the other, transferring energy between the objects
which often manifests as a change in motion, sound, light, electric current, or if the forces are equal and
opposite, the system remains stable. For non-contact forces, the energy is often described as stored in a
force field around an object, like a magnet (magnetic force field) or planet (gravitational force field). [This
idea is beyond standard for grades 3-5 but could be introduced if students bring up language of energy.]

Air B i Low

Resistance Speed
N
Gravity

Non-Contact Forces & Motion Unit - Grade 3

Big Idea Statement
for Student Understanding

If students can identify
multiple forces acting on and
between objects in the given
scenario AND represent the
relative strengths and
directions of these forces...

...then students will be
able to justify their predictions
about the motion and position
of the objects in the given
scenario.

Contact Forces: A Pushing Example

Two people pushing a cart in the same direction add
their forces together (net force on the cart) motion in
one direction. Typically, scientists use the length of
an arrow to represent the strength of the force. There
is friction in the opposite direction between the
wheels and the ground but the rolling of the wheels
helps overcome friction, hence the forward motion
moving the cart.

Developed by C. Colley, PhD ccolley@rentonschools.us, with Grade 3 teachers and students at Sartori Elementary, Renton Public Schools

Non-contact Forces: Gravitational Force

One example of non-contact forces is the gravitational
attraction between a parachute jumper and the Earth. The
gravitational force pulls the parachute jumper towards the
Earth because the Earth is much more massive than the
person. The jumper uses a parachute to “catch air” and slow
down creating a drag force (contact force) in the opposite
direction. The force of drag is not equal to gravity but it is
strong enough to slow the parachuter to land safely.

Non-contact Forces: Magnetic Force

Magnetic force is a non-contact force; A magnet can pull or push on
objects without touching them. Magnets are only attracted to a few
‘magnetic’ metals and not all matter. Magnets are attracted to and repel
other magnets. The force of magnetism acts at a distance without
touching the magnetic object or other magnet. Stronger magnets cause
motion from farther away than weaker magnets. Like with gravity,
magnetism acts through other materials and cannot be blocked. Unlike
with gravity, every object has mass and therefore has a gravitational pull
(even a tiny one); however, not all objects have a magnetic field.

© 2019 under a Creative Commons Attribution NonCommercial-ShareAlike 4.0 International License. Available at www.AmbitiousScienceTeaching.org
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Teacher Background Content Knowledge

Non-Contact Forces & Motion Unit - Grade 3

The purpose of this unit is for students to develop their understanding of how forces between objects change or maintain the motion of objects. The motion of the
donut magnets with the magnetic ring toy is an engaging anchoring event focusing on non-contact forces. The magnet toy should not be the only context within
which students consider forces and motion. Therefore, this unit contains other real-world examples alongside developing the explanation of how and why the
magnetic ring toy works (e.g., sometimes has gaps of different sizes, can “launch” the top magnet off the top, bouncy like an ‘invisible spring’.)

When do objects start moving?

Objects need a push or pull to start moving. For
example, a soccer ball remains still until it is kicked
(pushed) by someone’s foot. The foot makes
contact with the ball. Scientists call these contact
forces. Students observe objects touching if they
see or feel the contact with an object.

There are also forces that can push or pull objects
without touching them, such as magnetic force and
gravitational force. If a magnet is moved close
enough to a magnetic object, like a paperclip, it will
attract or pull that object to the magnet. This is a
non-contact force because the pull and subsequent
motion of the paperclip happens without the
magnet touching the paperclip. Scientists call these
forces non-contact forces because there is no
contact needed to change the motion of the object.

In the case of the magnetic ring toy, the donut
magnets exert magnetic forces on each other if
they get close enough to be within their magnetic
fields. If the same poles (sides) of the magnets are
facing/oriented towards each other, the force will
push apart the magnets until the forces are
balanced between the downward gravitational pull
and the repulsive magnetic force such that the
magnets stop moving, leaving a visible gap. If the
opposite poles (sides) of the magnets are facing
each other and the magnets are close enough
(within their magnetic fields), the magnets attract
and pull towards each other until they touch,
leaving no gap. Magnetism works at a distance but
the limits of this distance are due to the strength of
the magnetic field of a given magnet.

When do objects stay moving?

Objects that are moving on a surface, like a
pencil rolling on a desk, a soccer ball rolling
across a field, or a paper airplane gliding
across the room will stay moving for some
period of time depending on the strength of the
initial push/pull AND on the mass of the object.
Example: One pencil will roll farther than
another pencil if it's pushed with more force.

Objects only stay moving if there is a
continued push or pull on the object. A soccer
ball stays in motion if the player keeps kicking
it. Pushing a shopping cart full of groceries
(more mass) needs more force to get it moving
than an empty shopping cart (less mass). The
full shopping cart won’t stay moving as long
unless the person keeps applying a force
(pushing it). Without this constant push or pull
the object will slow down and stop moving
relative to the Earth as other forces slow down
and stop the moving object.

When do objects stop moving?

Objects stop moving because there is a force
applied in the opposite direction to the object’s
motion. For example, Player A kicks the soccer
ball to Player B who stops the ball with her foot
by stepping down on the ball. If Player B
misses the ball, the ball will eventually roll to a
stop because the friction between the grass
and the ball slows the ball down to a stop.

Developed by C. Colley, PhD ccolley@rentonschools.us, with Grade 3 teachers and students at Sartori Elementary, Renton Public Schools
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Balanced & Unbalanced Forces

One way scientists describe forces acting on an object is
whether forces are balanced or not. If the forces on an
object change (and do not cancel each other out), then the
object’s motion changes (direction and/or speed).

Example: At first, the ball is still.
It is pulled to Earth by the
gravitational force between the
ball and the Earth. These forces
are in balance, the pull of gravity
between the ball and the Earth is
equal to the force supporting that
weight (reaction force or also
called a normal force). There are
no horizontal forces on the ball.

Ground reaction force

Weight of ball from gravity

When a soccer player kicks the
ball (horizontal push), it moves in
a given direction with a certain
speed. The kick force is greater
than the opposing frictional force
between the ball and grass.
These forces are unbalanced,
showing a change in motion.

For the magnetic ring toy, students may notice that the
donut magnets bounce, jiggle, or move a bit on their own
before stopping. The magnets move when they get within
the distance of their respective magnetic fields. There is a
“tug-of-war” between the magnetic attraction or repulsion
between the donut magnets and the downward pull of the
Earths’ gravitational force until a balance between these
forces is achieved and the magnets stop moving.
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Non-Contact Forces & Motion Unit - Grade 3

Unit Roadmap

e Pacing: This unit takes about 7 weeks if lessons happen 3-4 times per week (+1 week if using extensions). Lessons span multiple days (1 day = 45 mins).

e Unit organization: The order of lessons as written is intended to help students build on their understanding over time. Below, lessons are organized into two

sets of lessons plus some ideas for extensions. To support your students’ learning, you should make adjustments to the lessons suggested below using your

formative assessment observations from student talk, models, and explanations to best support your students’ sensemaking

Set 1: Explaining a toy How does the magnetic ring toy work?

Lesson

Introduce
phenomenon

Non-contact
force:
Magnetism

Non-contact
force: Gravity

How Unbalanced
Forces Cause
Motion

Material
Properties of
Objects

Magnetic force
extends through
a field

Update Models
using evidence

Question

How does the
magnetic toy work?

When do magnets
push? When do
magnets pull?

What's going on
with the gaps
between magnets?

Which force
“wins”? How do we
know?

What kinds of
things do magnets
attract?

How do magnets
work without
touching objects?

How does the
magnetic ring toy
work?

Phenomena/Problem

[Introduce the magnetic ring toy. How does it
work? What are students curious about?]

Students noticed in L1 that donut magnets
sometimes snapped together or flipped
themselves over to snap together. Why does
that happen?

Students noticed in L1/L2 that gaps between
magnets are different sizes. Why are the gaps
on the bottom smaller than on the top of the
magnetic ring toy?

Students build on their thinking from L3 about
how different forces act on an object and how
that might result in changes in motion. How do
unbalanced forces cause motion?

From L1 students noticed that the magnetic toy
ring magnets are plastic (“probably with a
magnet inside”) and that magnets don't attract to
the plastic pole or wooden pencil. Why not?

Students have noticed that magnets can make
other magnets or magnetic objects move without
directly touching them. How does this work?

Students use what they have observed and
learned to explain the parts of the toy, the
materials, and how the toy works.

about magnetic forces and motion.

Timeframe: 14-15 days, 4 weeks

What students figure out

Students compare observations and ideas about how the
magnetic ring toy works. Students come up with ways to
represent the ‘invisible cushion’ or ‘force field’ that they observe.

Magnets must be oriented in particular ways to either repel each
other (push apart) or attract each other (pull together). This idea
helps contribute to explaining why there are sometimes gaps
between magnets in the toy and sometimes not.

Students consider the interactions of two forces (gravity and
magnetism) to explain the size of the gaps. The gaps are smallest
on the bottom because the Earth’s gravity is pulling down so the
bottom gap “feels” the weight of the upper magnets. When the toy
is horizontal, all the gaps are equal because gravity is
perpendicular to magnetic forces and does not “pull sideways.”

Students figure out how the strength and direction of forces (both
magnetic force from the magnet and gravitational force from the
earth) affect the movement of an object (in this case, a stack of
paper). Students learn about balanced and unbalanced forces.

Students figure out that some, but not all, metals are attracted by
magnetic forces and that other materials are not affected by the
magnetic field. This attraction can happen at some distance away
from the object. Why do they think toy designers used plastic?

Students observe evidence of magnetic fields and figure out that
the distance at which a magnet can attract a magnetic object is at
the edge of that field.

Students figure out ways to give constructive feedback to partners
to improve their models and explanations using evidence from
many sources (readings, videos, experiments).

Developed by C. Colley, PhD ccolley@rentonschools.us, with Grade 3 teachers and students at Sartori Elementary, Renton Public Schools
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Set 2: Investigating & Solving Problems What questions do we still have? How can we answer our questions?

10

Lesson

Investigate a
common
question
together

Investigating
student-
generated
testable
questions

Solving Simple
Problems with
Magnets

Question

Which magnet
is the
strongest?

What else do
you still wonder
about magnets?

What are simple
problems we
could solve with
magnets?

Phenomenon/Problem

The class figures out different ways to collect
evidence to support a claim of “strongest
magnet”. How can we collect and display data to
convince others of the strongest magnet?

Students sort their questions and then choose
one testable question to investigate with their
group. Groups develop a plan for an experiment
and then revise their plan to make sure their test
is valid, fair, and reliable. Finally, groups collect
and display their data in graphs.

Magnets can be used to solve simple problems
because of their properties and how they interact
with other magnets and magnetic materials.

Non-Contact Forces & Motion Unit - Grade 3

Timeframe: 10-12 days, 3 weeks

What students figure out

Students conduct tests collaboratively in groups to test the strength
of magnets. They graph their results and write evidence-based
conclusions to argue for which magnet is strongest.

Students use results from their investigations to answer their
testable questions in the form of a written essay or report to
convince readers that their conclusion is based on data or evidence.

Students examine some example solutions to sample problems and
then choose a problem to design a solution. Compare plans. If time
permits, build and test the solution. There can be many ways to
solve the same problem.

Extensions: More about Magnetism

Lesson

Force(s) at work:
Mysterious
Motion

The Earth is a
Big Magnet:
Make-your-own
compass

Using magnets to

store data
(Computer Science
Integration)

Question

Is it magnetism
or something
else that causes
the balloon to
move and stop?

The Earth has a
magnetic field,
why does that
matter?

How do people
use magnets to
store
information?

Phenomenon/Problem

It appears from the video (or demonstration) that
the inflated latex balloon is controlling the motion
of an empty aluminum can.

Suggested placement: Use after Lesson 7.

Not all planets have a magnetic field, but the Earth
does and we can infer there is a magnetic field
using a compass.

The poles of a magnetic object can be reversed
using electricity. This flips the north/south to
south/north. Why is this useful?

Timeframe: 3-4 days, 1 week

What students figure out

Students use evidence from the unit to explain a new puzzling event
involving non-contact forces to argue for whether or not magnetic
force, gravitational force, or some other force is responsible for the
motion of the aluminum can.

Students use what they know about magnetic forces to understand
how compasses work, identify how a magnetic field is useful, and
how objects can become magnetized.

The north/south poles of a magnetic object are like the ones and
zeros computers use to store information (binary). Hard drives can
store data, and rewrite data by flipping the poles of magnets to
encode messages (example: binary bracelet encodes a message).

Developed by C. Colley, PhD ccolley@rentonschools.us, with Grade 3 teachers and students at Sartori Elementary, Renton Public Schools
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Lesson Outlines with Links to Resources

Non-Contact Forces & Motion Unit - Grade 3

The table below shows NGSS 3-dimensions combination foregrounded in the lesson but learning opportunities can include others.

Set 1, Lessons 1-7: Explain a toy How does the magnetic ring toy work?

Timeframe: 14-15 days, 4 weeks

Lsn  Purpose Questions/Prompts in this Lesson Key Terms Next Generation Science Standards Materials
1 Introduce Introduce the phenomenon: magnet SEP: Develop and use models Develop a Teacher Guide L1 (link)
h . What do you notice? Wonder? push model to describe phenomena , Lesson Slide Guide (GoogleSlide)
enomenon SEP: Asking Questions Ask questions that Chart paper, markers, sticky notes
Elicit Students’ Exploring donut magnets on a pencil: pull can be investigated and/or researched
Ideas & What did you try or figure out? Ideal, but optional: 1 magnetic ring
PE—— What do you notice about the gaps? Can you make the gaps toy (Amazon) or 1 game set
Experiences different heights and sizes? ‘Amazon) per table group
9
Model-to-Explain initial ideas: .
Per student pair:
2 days You wrote/talked about . How could you show that on your model? -4 dcl;nut m’;énets (Amazon)
We can't see that ____between magnets that we feel. How are you - 1 pencil
How dO,eS ?hiS gOing, to ShOW itin the pictur(?? ) ) CCC: Cause and Effect Cause and effect ~ Per student:
magnetic ring toy ~ What's going on that we can't directly observe that you think could relationships are routinely identified, tested, - Science notebook and/or
work? be causing ? and used to explain change - Optional: Model Scaffold
For more on eliciting student thinking, visit: Ambitious Science Teaching (choose options)
2 When do Reading: magnet investigations Maks obsenaions andor | eeson Side Gl (GuogleSide)
What information does this text give us about magnets? Lesson Slide Guide (GoogleSlide
magnets A g 9 5 attract measurgments ?o produce data to serve as Chart paper, markers, sticky notes
Are there a few new science words to add to our word wall? the basis for evidence for an explanation ) S,
repel o 1 h tism books:
ush? When  How will these words help us communicate with each other? SEP: Obtaining, Evaluating, and copy each magnetism books:
2 north pole Communicating Information Obtain and - Rookie Read About Science:
do the ull’ Exploring magnets interacting: south pole combine information from books and other What Can Magnets Do? By
What did you notice as you moved one magnet near the other? reliable media to explain phenomena. Allan Fowler (Amazon)
2 days Where have you observed pushing? pulling? magnetic - Magnets Pulling Together
Do different magnet shapes push or pull in the same places? ‘ 9 Pushing Apart by Rosinsky and
What do you think might cause to happen? orce EZWZ(%) o Ancel
. . - about Magnetism by Angela
Making Connections: Royston (Amazon)
How do the readings help you explain your observations? Per student:
How can your observations and the readings explain how the CCC: Cause and Effect Cause and effect - Science notebooks
relationships are routinely identified, tested, L .
magnet toy works? and used to explain change - half-sheet reading (reading)
3 More on Reading: gravitational SEP: Developing and uging models. Teacher C-.]uide I_.3 (link) .
ulling: What information does the reading share about gravity? force Develop models to explain phenomena. Lesson Slide Guide (GoogleSlides)
puiling. How does this info about gravity help us think about the toy? Chart paper, markers, sticky notes
Introducmg . . For the class:
- Exploring the magnetic toy: - At least 2 Magnetic Ring Toys
Gravit Compare the gaps when the pencil/stick is vertical compared to - Copy of: Rookie Read About

horizontal. Why do you think causes a difference in gap size?
2 days When we add more magnets on vertical, why do gaps get smaller?
If we push and release, why do magnets eventually stop moving?

Model-to-explain:
How can we show forces we can’t see in a drawn model?

CCC: Cause and Effect Cause and effect

relationships are routinely identified.

CCC: Patterns Patterns can be used to make

predictions

Science: What Can Magnets
Do? By Allan Fowler (Amazon)
Per student:
- Science notebooks
- Optional: note-taking half sheet
- 4 donut magnets
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https://www.amazon.com/VATOS-Educational-Magnetic-Matching-Children/dp/B07T64RFJJ/ref=sr_1_5?keywords=magnetic+ring+toy&qid=1574442174&sr=8-5
https://www.amazon.com/X-bet-MAGNET-TM-Refrigerator-Projects/dp/B06XGG8V3F/ref=sr_1_1_sspa?keywords=donut+magnets&qid=1573407001&sr=8-1-spons&psc=1&spLa=ZW5jcnlwdGVkUXVhbGlmaWVyPUExNThEVVFDNzhTMDkxJmVuY3J5cHRlZElkPUEwMzMxNjUyMTNFN0szNFoyMVBHQyZlbmNyeXB0ZWRBZElkPUEwNTk0ODY0UEtJNzlOWllEMThPJndpZGdldE5hbWU9c3BfYXRmJmFjdGlvbj1jbGlja1JlZGlyZWN0JmRvTm90TG9nQ2xpY2s9dHJ1ZQ==
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https://www.amazon.com/Magnets-Rookie-Read-About-Science-Paperback/dp/051646034X/ref=sr_1_2?keywords=Rookie+Read+About+Science%3A+What+Can+Magnets+Do%3F&qid=1578258993&s=books&sr=1-2
https://www.amazon.com/s?k=Magnets+Pulling+Together+Pushing+Apart&i=stripbooks&ref=nb_sb_noss_2
https://www.amazon.com/s?k=All+about+Science%3A+All+about+Magnetism&i=stripbooks&ref=nb_sb_noss
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https://www.amazon.com/Magnets-Rookie-Read-About-Science-Paperback/dp/051646034X/ref=sr_1_2?keywords=Rookie+Read+About+Science%3A+What+Can+Magnets+Do%3F&qid=1578258993&s=books&sr=1-2
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Non-Contact Forces & Motion Unit - Grade 3

Lsn  Purpose Questions/Prompts in this Lesson Key Terms Next Generation Science Standards Materials
4 Magnetic Part 1: What does it mean for a force to win or lose? balanced ZEZ;BE‘;‘:]S&ZZf;;;sozﬂngg:'zgivi?:niing Ieacherscli;idg L‘é (%) Sid
Versus Modeling forces with arrows; balanced/unbalanced forces forces and carrying out investigations Make C?]Sasr?gap'ere m::k:rs(_g—gﬁcki n:)tgz)
. . . . H H observations and/or measurements to produce ’ ’
graVItatlonal Part 2: Cha"enge'Mal_(mg the. biggest gap between magnets data to serve as the basis for evidence foran ~©/aSS demo:
Collect & analyze data: How will you measure the gaps? What do unbalanced explanation - 1 horseshoe magnet
force: Who you notice about the gaps? What patterns do you see when we see forces - 1 donut magnet
wins? small gaps? Big gaps? - 40+ sheets of paper
Model-to-explain: Why are gaps different sizes? : Per group:
. claim - 1 magnetic ring toy or 10
3 days Part 3: Challenge: How high can the magnet “fly”? data ceramic donut magnets + pencil
Design a magnet configuration whereby the top ring magnet will Per student:
launch the farthest into the air off the top of the magnet toy when CCC: Cause and Effect Cause and effect - Science notebooks
compressed. Decide how to measure heights of each launch to relationships are routinely identified. CCC: - Optional data sheet: Part 2: Gap
determine which design gets the top ring magnet highest into the air gfe‘g‘l?c’t’i':nga“ems can be used to make Height; Part 3: Launch Height
5 What kinds Part 1: Identify materials with magnetic properties attract SEP: Develop and use models Develop a Teacher qUide |_.5 (link) ‘
of things do  Discuss a real-world problem (separating recyclable materials) to magnet ’;é’g?’Pflo describe phenomena Lesson Slide Guide (GoogleSlides)
OTTNINGS A0 et 4 purpose for testing magnetic properties of objects. : + Plan and carry outinvestigations ~ Chart paper, markers, sticky notes
. . . . magnetlc Make observations and/or measurements to
magnets Conduct a simple test using a magnet and the list of objects on the produce data to serve as the basis for Per pair/group:
attract? data sheet or objects from the classroom. evidence for an explanation ) o
Analyze patterns in the data to make general claims about what balanced ] Eﬂi%r?gtbm of items to test
2 days kinds of materials have magnetic properties. forces CCC: Cause and Effect Cause and effect
relationships are identified.
Part 2: Summarize Learning + Art Extension nbalanced CCC: Patterns Use patterns to make Per student:
Summarize learning from Part 1 and add to summary table unbalance predictions - Science notebooks
Use a combination of magnets and magnetic objects to build forces - Optional: Data table
character sculptures. Use understanding of balanced forces to
make the sculpture free-standing.
6 Making Reading: What does the text say about magnetic force fields? What magnetic SEP:Ask Questions and Define Problems Teacher Guide L6 (link) _
M ; does the image show? Why do you think the author included this field Ask questions that can be investigated Lesson Slide Guide (GoogleSlides)
agnetlc : P based on patterns such as cause and effect Chart paper, markers, sticky notes
Fiolds image and caption? relationships.
Visible: H Explore: Use iron filings in a plastic box (or bag) and/or distance Per student:
VISIDIE. FIOW Etch-a-Sketch to locate the field of differently shaped magnets. - Half sheet reading (link)
do magnets What do you notice about the filings? What patterns do you see? Per table group: o
work? Does the shape of the magnet change what the field looks like? - 4 plastic boxes wiiron filings
WOIR Z (link) and/or sealed/taped clear
Model-to-explain: Notebook Writing bags w/1 TBSP iron filings* (link)
2 days How can magnets move magnetic objects without touching them? - 4+ small compasses (link)

How does information from the text help us explain this?
How can we use the idea of magnetic fields to explain observations
of the magnetic ring toy?

Summarize Learning + Art Extension
Summarize learning from Part 1 and add to summary table.

Art: Create a Wooly Willy Toy. Place small amount of iron filings in a
plastic bag.Tape shut. Draw a character. Place bag over drawing. Move a
magnet over the outside of the bag to position filings to place hair/fur.

- 1 etch-a-sketch (optional)

- 1 pair of horseshoe magnets
CCC: Cause and Effect Cause and effect - 1 par of donut/circle magnets
relationships are routinely identified. CCC: - 1 pair of bar/rectangle magnets
Patterns Patterns can be used to make

* . . .
predictions Never put iron filings directly on magnets
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https://docs.google.com/document/d/1VZgiCpga0XGSsVW9e30npFme6UcR4sC427fW6vpwygE/edit?usp=sharing
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Non-Contact Forces & Motion Unit - Grade 3

Lsn  Purpose Questions/Prompts in this Lesson Key Terms Next Generation Science Standards Materials

7 Revise Part 1: Review & Update Models claim SEP: Constructing Explanations and Teacher Guide L8 (Link)
dels with Orient to prior learning: What was your favorite experience? evidence Designing Solutions Use evidence (e.g., Lesson Slide Guide (GoogleSlides)
models wit Create a “gotta have” checklist together cource observations, patterns) to support an Summary charts from prior learning
evidence Revise/update models using “gotta have” checklist and write a few opanaion Pe‘:’;ﬁ’e(;'::fes (L2,13, L4, 15, 16)

. . u .
explanatory paragraphs using evidence. CCC: Cause and Effect Cause and effect  _ giiance notebook
2 days relationships are routinely identified. CCC: Blank paper, writing paper, or

Part 2: Incorporate feedback and finalize explanations
Give feedback on models. Incorporate and/or address feedback.
Finalize explanation of how the magnetic ring toy works.

Patterns Patterns can be used to make

predictions model scaffold (choose options)

Set 2, Lessons 8-10:

Investigate & Solve Problems How can we answer our questions?

Timeframe: 10-12 days, 3 weeks

Lsn  Purpose Questions/Prompts in this Lesson Key Terms Next Generation Science Standards Materials

8 Which Part 1: Simple test Groups investigate the same testable question:  bar graph SEP: Plan & carry out investigations  Teacher Guide L8 (Link)
maanet is Which magnet is the strongest? Decide on what tests would show pictograph oot par Lesson slide guide (GoogleSlides)
magnet s the strength of a magnet given the materials available. coss ;;i”,"fonnecﬁon, Draw & scaled Optional: Extra practice (Slides)
strongest? Part 2: Revising tests and comparing results picture graph and a scaled bar graph o Per St“ds‘f”g” - g

Students revise their investigation procedure. represent a data set. Solve one- and two-step (r)unlzr OrXStral? ;Xeza;
3 days Part 3: How do scientists display data in graphs? "how ’T’iny more” "how many less” problems - Science notgbooksg
Students create a bar graph or pictograph to display results. using info presented in scaled graphs.

9 Test Your Part 1: Figuring out your question testable SEP: Plan & carry out investigations Teacher Guide L9 (Link)
Question What makes a question testable vs researchable? question Make observations and meaS_urfements fo  Lesson slide guide (GoogleSlides)
e Part 2: Planning your test. What will you do with magnets to produce data to serve as basis for Per student:

N . evidence for an explanation of a - graph paper
collect data to help you answer your question? Make a plan. Tinker variable phenomenon Sci tebook
6 days with materials (mini-tests) to make revisions to the plan. - >clence notebooks
X . . . - Optional: colored pencils/crayons
Part 3: Collecting data. Draw conclusions and discuss your results ; .
ith Ifti it hat Id d tif did On a materials table:
with your group. If time permits, what would you do next if you di - Rulers, string,scissors, tape
your test again? Write about your test and the results. coe. G o Eftoct O Joffest - graph paper
. . . . . - . - Cause an eC! ause and eilrec
Part 4 Publls'h your rgsults: Write about your |nvest.|gat|on with relationships are routinely identified, - boxes of 100 metal paper clips
organized, logical flow, including background information, tested, and used to explain change. - 100 metal, magnetic washers
procedure, data/result, and an evidence-based conclusion. - various magnets, different shapes

10  Solving Part 1: Brainstorming a list of simple problems and solutions. criteria SEP: Asking Questions and Defining  Teacher Guide L10 (Link)

: Brainstorm: What are some simple problems around our classroom Problems Define a simple design problem  Lesson Slide Guide (GoogleSlides)
Sllee - and include several criteria for success and Per student:

or school that we could solve using magnets? constraints constrai o . 1
ints on materials, time, or cost SEP: - Science notebook
QI’OblemS Students choose one and draft a plan. Have students match up i i X )

; Construct Explanations & Design - Pencil, colored pencils, crayons
with based on the problem they selected and compare plans. Solutions Generate and compare multiple o ’ e
witn roblem , Optional, part 2, assorted materials::

. . . p solutions to a problem based on how well they X
magnets Optional Part 2: Prototype and test solutions et criteria and constraints. - various magnets
Group students by the problems they selected in Part 1 to build and solution - other supplies (paper clips, rulers,
test solutions as a group. Compare solutions. CCC: Cause and Effect rubber bands, string, etc).
2-3 days
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Non-Contact Forces & Motion Unit - Grade 3

Extensions: More about Magnetism

These extension ideas do not have accompanying lesson plans. Resources are linked below.

Purpose Questions/Prompts in this Lesson Key Terms Next Generation Science Standards Materials
Forces at " - attract zsiz:elr:_lzgagc:zghit?cﬁgguaTgeL;T:gﬁ:ndjusﬁfy Lesson Slide Guide (GoogleSlides)
. Watch the v@eo clip and/or do the demo shown in the video repel claims by oiting relevant evidence ] .
wor If conducting the d d
T showing motion between a balloon and empty aluminum can. Have magnetism conducting the demo, you needa:
Mysterious students make observations, and then discuss: force - S;r’;gna'“m'”“m soda can
Motion Systems: How is the motion of the can-balloon system gravity - Magnet
similar/different than the motion of a paperclip-magnet system? - Paper clip
1 day . CCC: Cause and Effect Cause and effect
Cause-and-effect: Could _the force between the aluminum can and relationships are routinely identified, Directions: Inflate balloon. Rub it on
latex balloon be a magnetic force? Why or why not? How do you tested, and used to explain change. your hair in one direction repeatedly.
know? What else would you need to know? Defend your position witt Hold balloon near can to see if can
evidence from prior activities. 210\;973-'” ”‘;t, fl{z_TOFe times. Works
esl In low-numidity.
The Earth is Reading: The Earth is a Big Magnet magnetic SEP Obtaining, Evaluating, and Lesson Slide Guide (GoogleSlides)
a Bi What is the main idea of this reading? north C°mbr_"““,";at'“9 _'“f"’crmatt:m;( Obffj’” ah”d .
g What does the Earth’s magnetic field do for us? fglgb;genggignzgt’eoxn /;?;” thofan;va other: Per pair or group: _
Magnet What do you think would happen if the Earth was not a magnet? magnetic painp ' - \1’\/2::;{;3 non-metallic bowl
Video: How Compases Work south - 1 thimble (to protect finger)
1+ day Compare the information from the reading and the video: What - 1 piece of cork
information is repeated? What is new information? - 1 magnet
compass 1 com
- pass
Hands-on: Make a compass
Follow the video guide to make-your-own compass; Use the thimble CCC: Cause and Effect Cause and effect Per student:
to protect fingers while magnetizing the needle. relationships are routinely identified, - Copy of reading (link)
. . . tested, and used to explain change. - Science notebook
Video: Magnetizing materials
Examine a model presented in the video of how materials become
magnetized. How does this apply to our compasses?
Manipu|ating Video: How Magnets Store Data binary Computer Scient?e: 1A-DA.-05 Store, Lesson Slide Guide (GoogleSlides)
maanets: What did the video say about how magnets store data? encode copy, sear ch, relrieve, m"‘;{fyr an_deletrz
g : What are some uses for magnets shared in this video? decod fniormation using a computing device and. - Per student: .
Using ecoae define the information stored as data. - Binary Bracelet sheet (link)
s t Discuss: Real-world Problem - Hotel Card Key gEP Obta_'“';‘_g: EI"?'“a“ft‘_g’ ?’g’bt g marker
magnets 1o How do you think the magnetic strip on the card key works? o
f data What would help keep the card key working? combine information from books and other
store p p y g reliable media to explain phenomena.
Extension: Make a Binary Bracelet . . .
. . (of t to ETS:D bout
1 day What patterns do you notice about the binary alphabet? o pogrenss anotl

If we added another letter to the alphabet after Z, what do you think
the binary translation would be? Justify your thinking.
Decode each others’ binary bracelets using the alphabet code.

the natural world can often lead to new
and improved technologies, which are
developed through the engineering design
process.CCC: Patterns Patterns can be
used to make predictions
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https://handsdownspeakout.wordpress.com/
https://docs.google.com/presentation/d/1ucgcsh6Bdjw18pCuE1zKSLKxEjunojAMZAgdaMrEobo/edit?usp=sharing
https://docs.google.com/presentation/d/1Sy3gbeOVpQHxL_prG1TnoklRPYIA1BulCyXyhqycWcY/edit?usp=sharing
https://docs.google.com/document/d/1iVujlCQDadP_RIwDRfev0zmJc6UH6YKzHtkqQ3lQkvk/edit?usp=sharing
https://docs.google.com/presentation/d/1J9uEHeuGRtFAt7CjeD4Q03E2HkWqNBuqilA1PJcZQzc/edit?usp=sharing
https://code.org/curriculum/course2/14/Activity14-BinaryBracelets.pdf
mailto:ccolley@rentonschools.us
http://www.ambitiousscienceteaching.org/

Unit Materials List

This list assumes a class of 32 students, 8 groups of 4 students. Multiple classes can share non-consumables (which would reduce the cost) by teaching at
different times of the day or staggering lessons on different days. This list does not include common school supplies like notebooks, paper, sticky notes, rulers,
pencils, colored pencils, pencil boxes, tissues, paper towels, etc. Pricing estimates as of 11/10/19. Nearly all materials for this unit are non-consumable or
reusable. Some funds will be necessary to replace broken or missing parts (e.g. if ceramic magnets break/shatter throw them out and replace them) and
replace any consumable supplies. This list does not include materials for all of the “Extension” lesson ideas.

Non-Contact Forces & Motion Unit - Grade 3

Item Sold in Qty Price/Vendor Need Qty to order  Cost Subtotal
1 Magnetic Ring Toy pk of 1 $12/ea. Amazon 1 per group 8 pkgs $84 Magnet
1 Horseshoe magnets pk of 5 $24/ea. School Specialty 1 per group 2 pkgs $48 supplies
[ Ceramic donut magnets pk of 40 $15/ea. Amazon 4 per pair 2 pkgs $30 $325
[ Rectangular magnets pk of 12 $15/ea. Amazon 1 per pair 2 pkgs $30
3 Bar magnets pk of 10 $5/ea. School Specialty 1 per pair 2 pkgs $10
 Iron filings in clear plastic cases pk of 10 $22/ea. Amazon 1 per group 1 pkg $22
4 Iron filings, jar of powder pk of 1 (12 0z) $10/ea. Amazon 1 per class 1jar $10
[ Magnadoodle toy, small pk of 15 $30/ea. Amazon 1 per pair 1 pkg $30
3 Compasses, small pk of 50 $16/pk. Amazon 1 pkg per class 1 pkg $16
Magnetic items for Art extension:
[ Large magnetic bolts (must be magnetic) pk of 25 $11/pk. Amazon/Hardware 25 items per class 1 pkg $11
1 Large magnetic washers (must be magnetic) pk of 100 $15/pk. Amazon/Hardware 50 items per class 1 pkg $15
1 Small magnetic bolts (must be magnetic) pk of 25 $9/pk. Amazon/Hardware 25 items per class 1 pkg $9
I  Small magnetic washers (must be magnetic) pk of 100 $6/pk. Amazon/Hardware 50 items per class 1 pkg $6
1 Book: Rookie Read About Science: What Can Magnets Do? By Allan Fowler $5/ea. Amazon 1 per class 1 copy $5 Books
1 Book: Magnets Pulling Together Pushing Apart by Rosinsky and Boyd $8/ea. Amazon 1 per class 1 copy $8 $30
1 Book: All about Science: All about Magnetism by Angela Royston $8/ea. Amazon 1 per class 1 copy $8
d  Book: Let’s Read and Find out: What Makes a Magnet by Franklyn Branley $7/ea. Amazon 1 per class 1 copy $7
4 Metal paper clips 10 pks of 100 $8/set Amazon 1 box of 100 per group 1 set $8 Other
4 String or ribbon 1 spool $7/spool Amazon 1 spool per class 1 spool $7 supplies
3  Graph paper 50 sheets/pkg $6/pkg Amazon 3 sheets per student 2 pkgs $12 $50
[ Resealable plastic zip-top bags, 3"x4” 300 bags/pkg $10/pkg Amazon 1 bag per student 1 pkg $10
3 Index Cards, 5x8 500 cards/pkg $12/pkg Amazon 4 cards per student 1 pkg $12
d  Lego or plastic brick n/a borrow n/a borrow 1 per group n/a borrow $0
[ Brass paper fastener (brad) n/a borrow n/a borrow 1 per group n/a borrow $0
4 Wooden block (or craft stick) n/a borrow n/a borrow 1 per group n/a borrow $0
[ Aluminum foil (small square) n/a kitchen n/a kitchen 1 per group n/a borrow $0
[ Hair clip or barrette, metal n/a borrow n/a borrow 1 per group n/a borrow $0
[ Puzzle piece (cardboard) n/a borrow n/a borrow 1 per group n/a borrow $0
4 Wooden block (or craft stick) n/a borrow n/a borrow 1 per group n/a borrow $0
Approximate start-up cost total, before taxes/shipping $405
Estimated annual restocking/replacement cost for missing, used, or broken pieces < $50
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https://www.amazon.com/Popular-Playthings-Magnetic-Match-Rings/dp/B001FXLT1U/ref=sr_1_4?keywords=magnetic+ring+toy&qid=1573407364&sr=8-4
https://www.schoolspecialty.com/delta-education-horseshoe-magnet-set-130-3741
https://www.amazon.com/X-bet-MAGNET-TM-Refrigerator-Projects/dp/B06XGG8V3F/ref=sr_1_1_sspa?keywords=donut+magnets&qid=1573407001&sr=8-1-spons&psc=1&spLa=ZW5jcnlwdGVkUXVhbGlmaWVyPUExNThEVVFDNzhTMDkxJmVuY3J5cHRlZElkPUEwMzMxNjUyMTNFN0szNFoyMVBHQyZlbmNyeXB0ZWRBZElkPUEwNTk0ODY0UEtJNzlOWllEMThPJndpZGdldE5hbWU9c3BfYXRmJmFjdGlvbj1jbGlja1JlZGlyZWN0JmRvTm90TG9nQ2xpY2s9dHJ1ZQ==
https://www.amazon.com/gp/product/B01LYD051P/ref=ppx_yo_dt_b_search_asin_title?ie=UTF8&psc=1
https://www.schoolspecialty.com/delta-education-unmarked-bar-magnet-pack-of-10-130-0090
https://www.amazon.com/Iron-Filing-Cases-10-Pack/dp/B07L55VS72/ref=sr_1_31?keywords=iron+filings&qid=1583795045&sr=8-31
https://www.amazon.com/Filings-Magnetic-Powder-Education-Projects/dp/B07K4VZYNN/ref=sxts_b2b_sx_reorder?cv_ct_cx=iron+filings&keywords=iron+filings&pd_rd_i=B07K4VZYNN&pd_rd_r=6fa9fa76-479d-447e-b771-c5efb515bc28&pd_rd_w=SXxrS&pd_rd_wg=4FjEj&pf_rd_p=91c14565-f28f-4d13-ae03-d6242f834a35&pf_rd_r=ZXTXEABME7SKMM63BT3R&qid=1583794935&s=office-products
https://www.amazon.com/Piece-Mini-Magnetic-Drawing-Board/dp/B07V6DYH4W/ref=sr_1_35?keywords=magna%2Bdoodle&qid=1583795173&sr=8-35&th=1
https://smile.amazon.com/gp/product/B07KQ221HS/ref=ppx_yo_dt_b_search_asin_title?ie=UTF8&psc=1
https://www.amazon.com/Button-Socket-Bolts-Screws-Stainless/dp/B07D29NWNV/ref=sr_1_72_sspa?dchild=1&keywords=steel%2Bbolts&qid=1586553935&refinements=p_85%3A2470955011&rnid=2470954011&rps=1&sr=8-72-spons&spLa=ZW5jcnlwdGVkUXVhbGlmaWVyPUExQlFFRVJVWkJRUVVNJmVuY3J5cHRlZElkPUEwNjkxNzk3MjVEQ09HUkQ0UDgxRyZlbmNyeXB0ZWRBZElkPUEwMzg1OTc4Mk0zV1RXV0xES09ENiZ3aWRnZXROYW1lPXNwX210ZiZhY3Rpb249Y2xpY2tSZWRpcmVjdCZkb05vdExvZ0NsaWNrPXRydWU&th=1
https://smile.amazon.com/1-1-Stainless-Fender-Washer-Pack/dp/B076ZSR88S/ref=redir_mobile_desktop?ie=UTF8&aaxitk=3u0KuaFsp9wcmqSM1qy8dQ&hsa_cr_id=8994190850501&ref_=sb_s_sparkle
https://www.amazon.com/Button-Socket-Bolts-Screws-Stainless/dp/B07FR85BY3/ref=sr_1_72_sspa?dchild=1&keywords=steel+bolts&qid=1586553935&refinements=p_85%3A2470955011&rnid=2470954011&rps=1&sr=8-72-spons&psc=1&spLa=ZW5jcnlwdGVkUXVhbGlmaWVyPUExQlFFRVJVWkJRUVVNJmVuY3J5cHRlZElkPUEwNjkxNzk3MjVEQ09HUkQ0UDgxRyZlbmNyeXB0ZWRBZElkPUEwMzg1OTc4Mk0zV1RXV0xES09ENiZ3aWRnZXROYW1lPXNwX210ZiZhY3Rpb249Y2xpY2tSZWRpcmVjdCZkb05vdExvZ0NsaWNrPXRydWU=
https://smile.amazon.com/1-1-Stainless-Fender-Washer-Pack/dp/B076ZTP5Y6/ref=redir_mobile_desktop?ie=UTF8&aaxitk=3u0KuaFsp9wcmqSM1qy8dQ&hsa_cr_id=8994190850501&ref_=sb_s_sparkle&th=1
https://www.amazon.com/Magnets-Rookie-Read-About-Science-Paperback/dp/051646034X/ref=sr_1_2?keywords=Rookie+Read+About+Science%3A+What+Can+Magnets+Do%3F&qid=1578258993&s=books&sr=1-2
https://www.amazon.com/s?k=Magnets+Pulling+Together+Pushing+Apart&i=stripbooks&ref=nb_sb_noss_2
https://www.amazon.com/s?k=All+about+Science%3A+All+about+Magnetism&i=stripbooks&ref=nb_sb_noss
https://www.amazon.com/Makes-Magnet-Lets-Read-Find-Out-Science/dp/0062338013/ref=sr_1_2?keywords=magnets&qid=1583796756&s=books&sr=1-2
https://www.amazon.com/ACCO-Paper-Smooth-Economy-72580/dp/B00006IBK8/ref=sxin_4_osp137-832ef460_cov?ascsubtag=832ef460-484f-4975-a574-d28ba014497a&creativeASIN=B00006IBK8&cv_ct_cx=paperclips&cv_ct_id=amzn1.osp.832ef460-484f-4975-a574-d28ba014497a&cv_ct_pg=search&cv_ct_wn=osp-search&keywords=paperclips&linkCode=oas&pd_rd_i=B00006IBK8&pd_rd_r=a88af0a3-d168-40aa-bfa8-5f2d8c74ce65&pd_rd_w=q4IDM&pd_rd_wg=3j4S5&pf_rd_p=62c00474-6fe0-420f-9956-a05256e04b43&pf_rd_r=VKRET94MP8EM35VNF4VV&qid=1582906813&tag=the-angle-20
https://www.amazon.com/Valentine-Wrapping-Holiday-Decorative-Metallic/dp/B07HY5ZZ6L/ref=sr_1_30?keywords=twine&qid=1583795730&sr=8-30
https://www.amazon.com/TOPS-33041-Quadrille-Squares-Sheets/dp/B00006IDSD/ref=sr_1_11?keywords=graph+paper+4+squares+per+inch&qid=1583795570&sr=8-11
https://www.amazon.com/Becko-Plastic-necklet-accessories-Waterproof/dp/B07BS7B9L1/ref=sr_1_12?keywords=resealable+sandwich+bags+snack&qid=1583796093&s=office-products&sr=1-12
https://www.amazon.com/AmazonBasics-8-Inch-Ruled-Lined-500-Count/dp/B06XSL2V21/ref=sr_1_2?keywords=5x8+index+cards&qid=1583795866&s=office-products&sr=1-2
mailto:ccolley@rentonschools.us
http://www.ambitiousscienceteaching.org/

Tracking Depth of Student Understanding

Note: Assessing student understanding happens within three-dimensional tasks. Examine evidence from within a practice (like modeling) to see how students express a content
understanding (DCI) using a cross-cutting concept (CCC). The rubric may be useful to identify and track growth over the unit. Start with initial models to plot initial understanding. Then
ick a few assignments throughout the unit to plot on the rubric to see how students’ understanding of those ideas and practices are changing. (See also NGSS Evidence Statements)

Non-Contact Forces & Motion Unit - Grade 3

Disciplinary Core Ideas (DCI)

1 - Below

2 - Approaching

3 - Meets Standard

4 - Exceeds Standard

PS2.A: Forces and Motion

e Each force that acts on one object has
both strength and direction. An object at
rest typically has multiple forces acting
on it, but they add up to give a zero net
force on the object. Forces that do not
sum to zero can cause changes in the
object’s speed or direction.

e The patterns of an object’s motion in
various situations can be observed and
measured; when that past motion
exhibits a regular pattern, future motion
can be predicted from it.

No attempts at
describing or
labeling forces
(as pushes or
pulls on an
object) or the
motion of the
object.

Recognizes that
pushes and pulls
are forces that
can start,
maintain, or stop
an object’s
motion.

Identifies the relative strength and/or direction of a force on
or between objects and uses this information to predict or
explain a change in the speed or direction of an object’s
motion.

Labels and describes multiple forces acting on an object
and recognizes that: (1) if these forces are equal but
opposite, the object will not move or (2) if these forces are
not equal but opposite, the object will move in the direction
from which the stronger force is applied.

Observes and analyzes patterns of an object’'s motion in
various situations and uses this analysis to justify
predictions of future motion.

Measuring and summing the
forces acting on an object: 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 patterns of an object’'s motion
in various situations can be
measured; when past motion
exhibits a regular pattern identified
in collected data, students predict
future motion using that pattern.

PS2.B: Types of Interactions

e Obijects in contact exert forces on each

No attempts at
explaining the
interaction of

Recognizes that
when objects
touch or collide,

Describes and labels the orientation of magnets and
connects this to the cause of motion at-a-distance between
two magnets or between a magnet and a magnetic object.

Explanations include interactions
of multiple non-contact “invisible”
forces, like gravitational forces and

other. objects on they push on one magnetic forces, shown as fields
changes in another. Identifies the gravitational force of Earth acting on an object | that can be mapped by their
e Magnetic forces between a pair of motion of the near Earth’s surface pulling that object toward the planet’s relative strength and effect on an
objects do not require that the objects be | objects. Labels center object.
in contact. The sizes of the forces in “magnetism” or
each situation depends on the properties “gravity” with no Identifies patterns in material properties to predict if a new
of the objects and their distances apart attempts to use object could be influenced by magnetic force
and, for forces between two magnets, on non-contact
their orientation relative to each other. forces to explain Uses ideas about orientation, distance, material, magnetic
motion. force, magnetic field, and/or magnetic poles to explain that
magnets can change the speed or direction of motion of
another magnet or magnetic object without touching the
object (non-contact force).
Cross Cutting Concepts (CCC) 1 - Below 2 - Approaching 3 - Meets Standard 4 - Exceeds Standard

Cause and Effect -- Cause and effect
relationships are routinely identified,tested,
and used to explain change.

Patterns -- Patterns of change can be
used to make predictions

No attempts to
describe data
or identify
patterns.

Describes data
(observations,
measurements)
they have
collected.

Identifies patterns in data (observations, measurements) or
the relationships between different quantities in data (e.g.
strength of magnets compared to magnet shape/size).

Students begin to consider what might cause these
patterns and relationships. Use patterns in data to make
and justify predictions.

Analyzes patterns in data,
suggests what might cause these
patterns and relationships, and
designs tests and/or plans
research to gather evidence to
support or refute their ideas.
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Non-Contact Forces & Motion Unit - Grade 3

Science & Engineering Practices* (SEP)

1 - Below

2 - Approaching

3 - Meets Standard

4 - Exceeds Standard

Developing and Using Models

Building and revising simple models and

using models to represent events:

e Use models to describe phenomena.

e Develop a model using an analogy,
example, or abstract representation to
describe a scientific principle.

No attempts to
model forces or
motion.

Some attempts
to label or
describe forces
acting on an
objectin a
model.

Labels and describes interactions of forces on objects to
explain their current position and/or change in position
(motion). Shows relative strengths of forces from different
magnets on magnetic objects.

Uses evidence to revise or update models.

Identifies limitations of their model
by justifying parts of the
phenomenon they included and
excluded from their model.

Critiques credibility of evidence
used in revising a model.

Constructing Explanations

Using evidence to construct explanations,

describe and predict phenomena.

e Construct an explanation of observed
relationships

e |dentify the evidence that supports
particular points in an explanation

Makes claims
without
attempts to
supply
evidence or
examples.

Supports claim
with general
connections to
evidence source
without specifics

Recognizes and uses a pattern in data to predict, describe,
explain phenomena.

Supports a claim in a larger explanation with appropriate
and specific evidence such as numerical data points or
quotes from text

Recognizes and uses data
patterns to predict, describe, or
explain phenomena, and relates it
to science concepts.

Supports a claim (or more than
one claim) with specific and
appropriate evidence AND
critiques the reliability or validity of
the source of the evidence.

* These 2 SEPs were selected to track growth over this unit and over several units in the school year. You may wish to assess/track different SEPs. Students will engage in multiple SEPs at
various points in the unit so there are opportunities to notice how students are engaging in other practices as well.
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Forces Make Things Move, Grade 3: Non-Contact Forces

Lesson 1

Lesson 1 Developing initial models of non-contact forces

Purpose

Learning
Target

Materials

) R —
2
3

Lesson Step
Summary

This lesson introduces students to a new unit focused on forces. Students
will be able to explain why objects start moving, stay moving, stop moving,
or remain still. This series of lessons focuses on non-contact forces, like
magnetism and gravity. In this first lesson, students make observations of
a magnetic ring toy, and hypothesize about how the toy works and why
gaps between magnets are not the same size.

e Students make observations and share hypotheses and
wonderings about how magnetism works in the magnetic ring toy.

Information gathered by eliciting students’ initial observations and hypotheses about a phenomenon, and
making a public record of these inform instructional decisions for upcoming lessons. For more about
eliciting students’ ideas, see http://AmbitiousScience Teaching.org

Focus question
How does this magnetic ring toy work?
Why are there gaps of different sizes?

Learning Target
| can share my hypotheses to explain

how I think the magnetic ring toy works.

*You do not need to post a target statement. Instead,
pose a question on the board.

For the class:
- Lesson Slide Guide (GoogleSlides)
- Chart paper and markers
- Sticky notes

For each table group:
- Optional: 1 magnetic ring toy (Amazon)

NGSS 3-D

SEP: Develop and use models Develop a model to
describe phenomena SEP: Asking Questions Ask
questions that can be investigated and/or researched

CCC: Cause and Effect Cause and effect
relationships are routinely identified, tested, and used
to explain change

Per student pair (if you have enough
magnets, per individual student)

- 4 donut magnets (Amazon)

- 1 pencil

Per student:
- Science notebooks
- Optional: Model Scaffold (options)

1. Introduce the phenomenon: Introduce the magnetic ring toy and elicit
observations. Students partner-share what they notice.

2. Explore the phenomenon in partners and small groups: How does this
magnetic ring toy work? What did you figure out? Students explore and
talk about the magnet ring toy using donut magnets on their pencil. Elicit
hypotheses about what might be going on. Why are there gaps
sometimes, but not all the time? Why are gaps different sizes?

[To break this lesson into two parts, have students jot down observations and stop here for now.]

3. “Just-in-time” instruction (mini-lesson): Review modeling. How do we
represent what we can’t see? What could arrows/color communicate?

4. Pressing for explanations: Students sketch their initial models of how
they think the magnetic toy works. What might be going on that we can’t
see? How will you show that? Why do you think it happens this way?

5. Summarize (whole-group): Share ideas and wonderings. Make a class
list of hypotheses about the magnetic toy and questions about magnetism.

Developed by C. Colley, PhD ccolley@rentonschools.us, with Grade 3 teachers and students at Sartori Elementary, Renton Public Schools
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https://docs.google.com/document/d/1KATtB6qZVV0tlYwTtQ-iULc0UM1Mc6SGcD4uA62tR4I/edit?usp=sharing
http://ambitiousscienceteaching.org/
https://docs.google.com/presentation/d/1wpAjDxM6_cbNASe1Z4AMYSRnIlTZk_o8sBbWRNptYB0/edit?usp=sharing
https://www.amazon.com/Popular-Playthings-Magnetic-Match-Rings/dp/B001FXLT1U/ref=sr_1_1?keywords=magnetic+ring+toy&qid=1574442255&sr=8-1
https://www.amazon.com/X-bet-MAGNET-TM-Refrigerator-Projects/dp/B06XGG8V3F/ref=sr_1_1_sspa?keywords=donut+magnets&qid=1573407001&sr=8-1-spons&psc=1&spLa=ZW5jcnlwdGVkUXVhbGlmaWVyPUExNThEVVFDNzhTMDkxJmVuY3J5cHRlZElkPUEwMzMxNjUyMTNFN0szNFoyMVBHQyZlbmNyeXB0ZWRBZElkPUEwNTk0ODY0UEtJNzlOWllEMThPJndpZGdldE5hbWU9c3BfYXRmJmFjdGlvbj1jbGlja1JlZGlyZWN0JmRvTm90TG9nQ2xpY2s9dHJ1ZQ==
https://docs.google.com/presentation/d/1gk9iesNVCURmLlfMCpUAxAdYFLYljrvUVGkojTOL2vQ/edit?usp=sharing
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Forces Make Things Move, Grade 3: Non-Contact Forces Lesson 1

[Could complete this step at the start of lesson 2 if time is short.]

1. Launch: Introduce phenomenon. This might sound like: We are starting a
';-_'-@' new unit about forces and motion. To

figure out how this magnetic ring toy

Purpose and introduce the magnetic ring toy. works. Let me show you all a few of my
favorite patterns. What do you notice?

b) Ask students to watch your What do you wonder? [Show demo and
demonstration of the magnetic ring  give thinking wait time.] Turn and listen to
toy silently (teacher is silent, too, your partner's observations and
just move the magnets to show a wonderings. [Spend about 2 mins. Listen

Visual Demo few different arrangements) and in.] I heard that some scientists noticed

the magnets are bouncy, like this [jiggle
students should be ready to share  the toy]. They bounce without touching.
with a partner: What do you notice?  Other people noticed the magnets
What do you wonder? weren’t touching and some magnets
were farther apart. Now you will have

¢) Have students turn and talk about time to explore this toy yourself using a
Turn-and-Talk ) hat th " q d pencil and 4 donut magnets [and/or can
what they notice and wonder. pass around the magnetic ring toy].

2. Explore the phenomenon in partners and small groups

a) Tell students they will have time to explore this magnetic ring toy. You
likely will not have a toy for everyone but each pair of students can use 4
donut magnets on their pencil (eraser side down please so as not to
accidentally draw on the table). Optional: If you have multiple toys, each
table group gets 1 magnetic ring toy. Then after students share and explore
j together, pass out ceramic donut magnets + pencil set-up if needed.

b) Give a brief safety warning to students:
Safety Alert e Magnets can pinch so be careful!
e Wash hands after touching/working with ceramic magnets.

c) Students gather materials and Back-pocket
return to their desks to explore. questions:
Make Encourage students to t_alk with e What have you tried?
Observations partners or others at their tables. e What did you notice?
ntoract on and of heit poncil* Whatdo you think causes_7
e What might happen if we

(and/or using the magnetic ring toy

if you have a set for each group). added/removed ring magnets?

Teacher focus: Noticing and eliciting student ideas
Circulate the room as students explore. Listen and watch:

* What language are students using to describe what they are seeing/feeling?
* What experiences are they bringing up?
* Are they making any connections or explaining how/why they think it works?

Teacher Move: *

. . , : T en
Circulate & Listen Are they showing and sharing each others’ configurations”

Jot notes as you circulate and listen, you could use blank paper or you might find
this Rapid Survey of Student Thinking organizer helpful.
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d) Have students share some observations and list them on a chart. This
list of observations can come in handy as students work on their
models (e.g. You noticed . Why do you think it happens like that?
How could you show or add that to your model?)

Magnets & The Magnetic Ring To

Observations

!
Public Record

Two magnels can stick together (“Be lrends.”)
Two magnets can push away or won't stick *
when you flip one over.

L If the magnets were on the pencil or stick. ..
o They bounced.
o They could fly up if you pushed them
down and let go.

» They had gaps between them. The
gaps were different sizes, some bigger
than others,

If there were lots of magnets stuck
together on top it made the gaps
below smaller.

If you’re looking for another facilitation option for students to share their
observations with less teacher involvement, try one of these:

- Invite each student to write their observations on the chart after sharing with
the class and checking to see if others observed it, too (if no one else made a
similar observation, invite the student to show it to the class)

- Have students jot each observation on a separate sticky note. Put up
observations on sticky notes and cluster observations by similarity, giving each
cluster a name or phrase title, under the heading “Observations” on the chart.

[If you need a stopping place for today, pause here and pick up tomorrow.
Keep the magnets available for students to manipulate when developing models.]

3. “Just-in-time” instruction (Mini-Lesson): Developing models

a) Tell students it is time to get our ideas on paper so we can remember the
ideas and questions we have. Students develop their models including
explanations in their science notebooks, on paper, or let students choose
to use a copy of one of these model scaffolds.

Mini-Lesson

b) Remind students that models are not just labeled pictures. Models show
what happened or what is going on, so labels are helpful but not the only
part. Models go deeper to show how or why we think something happens.

Think Time c) Ask students to think about that invisible cushion, zone, bubble they felt
between magnets (use whatever language students used to describe the
magnetic field when two magnets repel). How might you show that in a
drawn model? Think about how you might use symboils, arrows, and color
to communicate about things you felt but can’t see.

d) Turn-and-talk with a partner. Share out a few ideas (there are many!) of
Turn-and-Talk .
how we can use arrows, colors, and symbols in our model today.
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4. Model-to-Explain Back-pocket questions:
Allow students at least 10 minutes of ~ ® You observed . What
quiet thinking, writing, and work time to 90 You think made that
s develop their models of how the happen?

Model to magnetic ring toy works, why there are ® You wrote/talked about ___. How

Explain sometimes gaps between magnets, could you show that on your model?
and why the gaps are sometimes e We can’t see that air cushion that
different heights or sizes. As students we feel, so how are you going to

work, look at their work and try some of ~ choose to show it in the picture?
the back-pocket questions to push their e What’s going on that we can’t
thinking and get students to write down directly observe that you think could
their ideas and questions. be causing ?

5. Summarize: Listen to Others’ Observations and Ideas

a.) Partner share/rehearsal: Students pick one favorite part of their model,

question, idea, or observation to share with a few partners. Have students

Turn-and-Talk pair up, share, listen to 2-3 partners before coming to sit on the carpet for a

class discussion. Optional: “Add an idea you agree with to your model.”
b.) Share-and-connect circle: How does the magnetic ring toy work?
“ oo o Have students bring notebooks/models and sit in a large circle.
) o The purpose of this conversation is to surface what our scientists have
...;9 been noticing, thinking, and wondering about. Tell students to speak
loudly and clearly when they share. Listen carefully and closely.
Share & ‘ ) i . . .

. Try a ‘hands-down’ conversation. Do not raise your hand. Find a time

Connect Circle . : - .

and place to slide an idea or question into the conversation that

connects with a prior idea. The conversation keeps going without

teacher intervention. The teacher sits outside the circle taking notes. If
there is a 20 second silence, you could try asking a follow-up question
based on a trend in ideas you heard or try one of these:

m  We noticed there are gaps between magnets. Why are there gaps
sometimes? What makes some gaps bigger or smaller than others?

m  We noticed that if you compressed all the magnets down and let go,
they sprung up into the air and sometimes the top one popped off.
What do you think causes that to happen? What would we have to do
differently to be able to get the top magnet to hit the ceiling?

Teacher role: Noticing student ideas
% Step back. Jot notes about what you hear from students. This will help
inform changes to future lessons to support students’ developing ideas.
% You may need to pause the conversation and intervene. Here are some
occasions that warrant and intervention:
Teacher Move: o If students start a scientific argument, pause the conversation and remind
Be Curious, students to keep today’s discussion about surfacing all ideas and questions.
Listen & Notice o Ifonly a few students are talking, pause the conversation and this noticing OR
whisper to one of the ‘talkers’ and ask them to recognize this and/or invite
others in by asking questions
o If students are not following the expectations, remind them of no hand raising,
one voice at a time, and listening to understand each other.
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c.) Listing observations, hypotheses, and questions:

Based on the discussion, the teacher can summarize common hypotheses
after class and add them under the list of observations. Show students this
\“ list at the start of the next lesson to see if anything needs to be added or
Public Record: changed. This list of ideas and questions can be used to introduce future
lessons by targeting specific ideas.

Observations,
Hypotheses, &

Questions It may also be helpful to generate a list of words that students used today
uesti

(student language) that students can refer to in part 2 as they work on their
models. This is likely a mix of “science” words as well as everyday,
descriptive words.

Ww
Words we used...
Hypotheses about how the {oy works...
=+ All the pieces are magnets except the stick part and mms
magnets sometimes stick and other times have an air pu:
cushion (gravity? force field?) - P )
- gravity
# The gaps get smaller when there are more magnets ng:?{c
because many magnets push down and are heavier gn [!
than only one magnets. i :Eg etism
» Magnets have two different sides. When the right D.i'jpﬂs'te
sides touch they stick, when the wrong sides touch ﬁrﬂtelou ching
th h . Th de b hi ) )
ey push away. 8 Qaps are made by pushing away i floating
+ |f we had 8 donut magnets, not 4, the gaps would be i E“”c?’n
teeny tiny but still there. We tried it and then they o “tr?c' g
bounced off like if there was a spring. ) pating
Lesson Closing It might sound like this:

_ _ _ Now you have some ideas going about
Ask students to jot questions on sticky  how you think the magnet toy works.

Lesson Closing notes. Then, Stack. model scaffold Let’s gnd today generating some
papers or keep science notebooks open questions. Jot each question on a
to their models and make a stack (so ~ different sticky note and put them up
they are easy for the teacher to look here. After placing your sticky note,

through) return all the magnets to the materials
gn- tub and make a stack of your models.

Teacher reflection: Examining Student Thinking

There are many ways to analyze student work. For initial models, it is helpful
to do a quick 3 pile sort by the amount of information on the page. Then
spend more time examining the contents of each pile asking these questions:
% What ideas do you see and understand in students’ work?
% What do you understand about each students’ current thinking? What
Teacher Move: are you unsure of and could you ask a follow-up/clarification?
Observe & Interpret % How are students showing ideas with modeling conventions such as
how they chose to use arrows, symbols, colors?
% Which students are represented in each pile? What does this make
you wonder about the modeling task and how to support all students?
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Optional Teacher Reflection: Considering Commonly-Held Alternative Conceptions

Add some notes from your observations to the Rapid Survey of Student Thinking from lesson 1.
Read over students’ models to examine student thinking at this starting place for the unit.

List of Commonly-Held Alternative Understandings about Magnetism and Gravity

Below is a list of alternative ideas students may have about the non-contact magnetic and
gravitational forces. (We, as adults, may have these misconceptions, too, particularly if we have not
studied or taught this content before!) Based on lesson 1, see which ideas you heard or saw
evidence of so far. Also, reflect on your own understanding of these ideas.

% Which of these did you hear from your students and/or see in their initial models?
% Which of these surprise you as an adult learner?

Observed Surprised Some Commonly-Held Alternative Understandings

from ~ me as an about Magnetism and Gravity
students adult

(Lesson(s) that starts and/or continues to work on the idea in this unit.)

a a Magnetic poles are always at the ends of a magnet. (Lesson 2)

a a Magnetism only works through air but not other materials like wood or water. (L2)

a Qa Magnets are attracted to each other because of gravity. (Lesson 3)

a Qa Gravity turns on/off. Gravity is ‘on’ when an object falls, ‘off when it lands. (L3)

a Qa Gravity only affects heavy things. (Lesson 3)

a a Gravity works one direction, just towards large objects -- The Earth’s gravity
attracts the person but the person's gravity does not attract Earth. (L3)

a Qa All metals are attracted to a magnet. (Lesson 5)

a a Magnetic field lines are really there, a pattern of actual lines (Lesson 6)

a a Larger magnets are always stronger than smaller magnets (Lesson 8)

a a All materials that can be magnetised are magnets. (Lesson 13)

a a Things fall naturally — no forces are involved; barriers stop things falling.

a a There is “more gravity the higher up you go” because things dropped from higher

up suffer greater damage when they hit the floor.

Sources for this list: Magnetism misconceptions; Teaching Forces Misconceptions; Physics misconceptions;

**Not all ideas listed are fully addressed in this Grade 3 unit. Lessons in this unit will work to lay the
groundwork for continued learning in future grade levels. Misconceptions are stepping stones to
developing understandings so they take time to shift. See this article to read about the usefulness of
surfacing, acknowledging, and using misconceptions.
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Photos from Lesson 1
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zal, it will stick on:

Students explored the Magnetic Ring
Toy and, as they explored, jotted a few
observations, claims, and sketches in
their notebook.

In Part 2, students can refer back to
these quick notes and sketches to
work on their initial model about how
the magnetic ring toy works. They may
also have items to add to the class
chart of observations and ideas in
Lesson 1, Part 2.
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Example Initial Models
Student A:
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i Student A has ideas that certain places of
s . T4 .\,lO.‘Jl.._.EUUhﬁ _doi) an object (the pole) are more magnetic
WS el wp, than others and that the thickness and
e myn! s h ,r)ff _ Bt (ort‘e orientation (backwards/ forwards) of the
. -|’= Vouw Aface 5 north oand magnets matters. Student A has

0 B - background knowledge that magnets have
magpds Co— bounce two sides, north and south. Student A does
_on  the  magets | o bring up any explicit ideas about forces
1 or motion. However, in the lower part of the
J

He M bogtiee_
= model sketch it seems the student is
I comparing two situations, the left has some
B % 7)"}— — kind of zig-zag symbol coming from both
v magnets and the right does not.

= —
i ',j,} tL_._——;’—-"' ' Student B notes a relationship between
T i forces (push) and motion (bounce).
") B Student B, like A, also has background
e knowledge that magnets have sides,

writing that if magnets are north-and-north
facing they have a force. Presumably, then
s this student thinks that there are conditions
where there would NOT be a force. In the
- sketch, students point to a one magnet

= situation as “no force” present.
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WHAT DO YOU NOTICE? WONDER?
- P

-

Lesson 1

MAKE ONE: WHAT DO YOU NOTICE? WHAT CAN YOU FIGURE OUT?

You need:
1 pencil - \
4 donut magnets Safety Note:

These magnets can
pinch so be careful with

Your task: your fingers.
1. Place the pencil through the magnets. Explore.
2. Talk with a partner or group about what you:

Notice: What happens with the magnets? What do you notice about the gaps?
Think: What did you figure out about the gaps? Why might that happen?
Wonder: What are you wondering now?

Lesson 1 Slides
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MODEL TO EXPLAIN YOUR THINKING

Models help us communicate . :
our thinking about a

phenomenon or event.

e Sketch whathappened

What else will you
include to help
communicate your
hinking to others?

e Use symbols, colors, and

arrows to show what we
can't see

=

My model: Magnet Toy  01/13/20

Inoticed.-
N H ; Ithink that happened because..
2= 7 l'also observed...
.’ \d n

So I figured out that..

ELOP YOUR MODEL What Now.fmwordsring-—
LINATION OF HOW o -
THE TOY WORKS ‘

B

1 :
. 2.
What did you What do you How can you
notice make the

think causes :

or observe about gaps bigger?
the gaps?
the gaps?

smaller?

Lesson 1 Slides
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SHARE & LISTEN

Share and listen to the ideas and questions
from at least 3 other scientists.

Then, come together as a whole class to
summarize what we did and figured out.

SUMMARIZE

Who did you just listen to?
What did they share with you?

Lesson 1 Slides
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SCIENCE HOMEWORK:
Go on a magnet hunt.
Where can you find magnets?
What do we use magnets for?

Lesson 1 Slides
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Name: Date:

How does the magnetic ring toy work?

What are THREE ways you tried? What did you figure out?
Sketch them here!
Gaps between all 1. Situation #1: Gaps between all four magnets

four magnets

a.) What do you notice about the gaps between the magnets in this situation?

b.) What do you think causes the gaps to be different heights or sizes?

Remember: Draw on the diagram to develop your model .Show your thinking about these
magnets, what causes the gaps, and what'’s going on that we can feel but not see!

Two magnets 2. Situation #2: Two on the bottom with two gaps
touching on the

bottom with two
gaps on top

a.) What do you notice about the gaps between the magnets in this situation?

b.) What do you think causes the gaps to have the height or size that they do?

LTI

Remember: Draw on the diagram to develop your model .Show your thinking about these
magnets, what causes the gaps, and what’s going on that we can feel but not see!

Lesson 1 - Optional Model Scaffold Copy on 11 x 17 ledger paper




Name: Date:

How does the magnetic ring toy work?

What are TWO ways you tried? Sketch them! What did you notice about the magnets?

What did you figure out?

What do you wonder? What questions do you have?

Lesson 1 - Optional Model Scaffold Copy on 11 x 17 ledger paper




Rapid Students’ Ideas
Survey of
Student What facets/fragments of understanding do students
Thinking already have? What ideas do students have that
are inconsistent with the scientific explanation? How are
: -
(RSST) students reasoning about the phenomenon or question”

Students’ Language

What terms, language, phrases,
or gestures did you hear/see
students use that you might
connect to academic language in
upcoming lessons?

Students’ everyday
experiences or connections

What familiar experiences did
students describe during the
elicitation activity?

What can you do with this information? Choose 1-2 from these options to try in an upcoming lesson.

e Do further eliciting of initial hypotheses to clarify your understanding of students’
partial understandings

e Do further eliciting about experiences or frames of reference students are using

e Do 10-minute whole class whole class conversation of 2-3 key ideas elicited to
find out more as a class about these ideas.

e Write multiple hypotheses on board and/or develop an initial consensus model

e Pose “what if” to create conceptual conflict about validity of alt. Ideas

e Challenge students to think further/give them a piece of evidence to reason with

e Use language to reframe essential
question in students’ terms

e Use as label in initial models that you
make public. Work in academic
versions of these words into public
models and discussions later.

e Re-write the essential question to be
about this experience

e Make their prior experiences a
central part of the next set of
classroom activities

e |[f kids cannot connect science ideas
to familiar experiences they’ve had,
provide a shared experience all kids
can relate to

Modified by C.Colley with permission from Tools for Ambitious Science Teaching, University of Washington, 2011, www.AmbitiousScienceTeaching.org
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Lesson 2

Lesson 2 When do magnets push? When do they pull?

In this lesson, students observe two magnets interacting to figure out under
what conditions (distance, orientation) the magnets pull towards each other
(attract) or push away (repel) to cause two different kinds of motion
(pull=move towards or push=move away). This lesson also helps students
understand that poles do not always have to be on the ends of magnets

Purpose

Learning
Target

@_‘

R

Materials

) .
2
3

Lesson Step
Summary

depending on the magnet’s shape.

e Students make observations and predictions about when magnets
push and pull other magnets causing motion.

Focus question
When do magnets push?
When do magnets pull?

Learning Target
| can predict the motion of one magnet
when it is near another magnet.

*You do not need to post a target statement. Instead, pose a
question on the board.

For the class:
- Lesson Slide Guide (GoogleSlides)
- Chart paper and markers
- Sticky notes

Per student:

- Science notebooks
- half-sheet reading (reading)

Part 1

NGSS 3-D

SEP: Develop and use models Develop a model to
describe phenomena.SEP: Obtaining, Evaluating,
and Communicating Information Obtain and
combine information from books and other reliable
media to explain phenomena.

CCC: Cause and Effect Cause and effect
relationships are routinely identified, tested, and used
to explain change

Per table group -- in a bag/box:
- 1 pair of horseshoe magnets
- 1 par of donut magnets
- 1 pair of bar magnets
- 1 pair of circle magnets*®

- 1 pair of rectangle magnets*
*Each student needs a pair of magnets to
manipulate and observe. Students can share at
tables to observe different shapes of magnets.

1. Orient students to an idea or question: Use an observation, idea, or
question from L1 related to how magnets push/pull to introduce today’s lesson.

2. Provide new information: Read a short text to give students new vocabulary
they might find helpful as they observe magnets.

3. Engage students in activity for sensemaking: Students explore and talk in
pairs/table groups about what they notice about magnets. What did you notice?
What did you figure out? Students sketch and write about what they figured out.

4. Summarize: Share observations as a class to identify patterns.

Part 2
1. Orient students to a question:

When do magnets push or pull on each other?

2. Provide new information: Read selected pages from books on magnetism
about when magnets push or pull. Do they share information in similar ways?

3. Making sense of information: Write about connections. How does the
information from the readings help explain part of how the magnet toy works?

4. Summarize: Coordinate ideas and questions (whole-group) Share ideas
and wonderings. Make a summary table or chart for this question about
magnets pushing and pulling to help us remember.
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Forces Make Things Move, Grade 3: Non-Contact Forces Lesson 2

Part 1: Making Observations & Identifying Patterns

1. Launch: Introduce today’s lesson This might sound like: Last time you had
some time to think about how this
a) Revisit the list of hypotheses and magnetic ring toy works. Before we get

. . into today’s learning, let’s take a moment
questions from lesson 1. Provide an and look over the list of ideas and

oppor_tunity for students tg add questions. If you have something you’d
anything else before moving on. like to add, show a quiet thumb. [Take
additions or amendments to the public

b) Open W|th a statement Of purpose for records from L1] Look over here on out

this lesson related to a hypothesis or ~ //St: Some of you were doing some
. thinking yesterday around how magnets
questions students had from Lesson move towards each other or that they can

Purpose 1 related to how magnets push or to push away [insert idea/question from
pull. Show the focus question: When  your class here related to
do magnets push? When do magnets pushing/pulling]. Today you'll ha\{e some
pull? or use a question from your time to do some careful observations to

| hat is simil H see if we can answer this question
class that is similar (e.g. How do together: When do magnets push on

magnets know when to move towards other magnets? When do magnets pull on
or away from each other?) other magnets?

Turn-and-Talk

2. Introduce new ideas: Short reading

a) Students may have used words in L1 (poles, sides, top/bottom) or shared
ideas (magnets stick one way but push the other way). Today’s reading
builds on student language and observations from L1.

b) Read the short reading about magnetic poles. Make decisions about what
structure or scaffolds students might need to access this half-sheet text:
o Will students read it as a class, in partners, or individually?
o How will students interact with the text? Here are some ideas:

1) Students may find it useful to be able to use magnets to act out
what they are reading, have them available and encourage
students to use magnets to understand the reading.

2) Circle up to 3 words you don’t know but want to know.

3) Highlight the most important thing to you. Then share with a

Science Word partner: “The most important thing to me was _____ because...”

Read for
information

c) Add 3-4 new words to a word wall or jot them on the board for student
reference today: attract, repel, north pole, south pole.

f 3. Engage students in an activity for sensemaking:

a) Tell students they will explore different shapes of magnets to see where they
Safety Alert can feel or see where magnets attract, repel, or have no effect on each other.
Remind students about using magnets safely:
e Magnets can move quickly and pinch, so be careful.
e Wash hands after touching/working with ceramic magnets.
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Forces Make Things Move, Grade 3: Non-Contact Forces

Make
Observations

OO
& 4

Turn & Talk

Sketch & Jot

Teacher Move:
Select & Sequence

Summary
Table:
Observations
& Patterns

b)

Each group needs pairs of magnets at
their table (paired by shape) to pass
around and observe to find out where
the magnets attract, repel, or have no
effect on each other. Once they
observe two of the same magnets
interacting (moving closer to each
other, farther away, flip over, turn
around, etc), pass the pair to the next
person so students observe different
shapes of magnets.

Encourage students to talk with each
other to show and describe where
magnets attract, repel, or have no
effect on each other.

Notebook writing: Have students take
a few moments to sketch what they
tried out today and use arrows,
symbols, labels, and captions to
capture observations.

Back-Pocket Questions

Getting Started:
e What are you trying out?

e What have you done so far?

e What did you notice as you moved
one magnet near the other?

e Where have you observed pushing?
pulling?

Pressing & probing:

e Do different shapes push or pull the
same ways or in the same places?

o What do you think might cause _____
to happen?

e How can your observations help us
explain how the magnet toy works?

About notebook writing/drawing:

e | heard you say____. How might you
show that in pictures?

e You noticed the poles are not labeled
or marked on the magnets. How could
you label that in your sketch to show
the same or opposite poles?

Teacher moves: Circulate, watch, listen, select, and sequence

Circulate as students make observations. Listen and watch. After doing some silent
attending to what students are saying and doing, try some back pocket questions to
help students look for patterns in where on the magnets they feel the attraction,

repulsion, or no force between magnets.

As students wrap up their observations and work on their notebook sketch and jot,

circulate again to identify students who could help with one of these roles in a class

discussion:

1. Show where magnets repel, attract, and have no effect,

2. Describe or label where on the magnets their “strong spots” (kid language)
or poles (science language) are and how they know.

3. Generalize a pattern making a statement about magnetic poles and
interaction between magnets generally.

e) Summarize observations and identify patterns. Gather as a class to
summarize observations. Start off by asking some students to show and
describe magnets interacting to identify places they attract, repel, feel
strongest, weakest, or no effect. Ask students if they can come up with any
claims that work for all, or almost all, magnets.

Claims could sound like some version of these:

e On each magnet, we found two poles but they might be in different
places like top/bottom, ends, or sides.

e All magnets had some ‘weak spots’ or ‘dead spots’ in the middle
(between poles) where pushes/pulls aren’t as strong or none at all.
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Forces Make Things Move, Grade 3: Non-Contact Forces Lesson 2

Part 2: Building Explanations & Making Connections

s 1. Orienting students
= : Remind students of the question they are working towards answering: When
i do magnets push? When do magnets pull? or use a similar question (e.g.
How do magnets know when to move towards or away from each other?)

2. Provide new information
LL..J a) Listening task: Have students listen closely and notice illustrations as

you read selected pages from books about interactions between

_ Readfor magnetic poles and think about how this text can help us answer our
information focus question. Suggested pages/texts:
o pg 12-16, Rookie Read About Science: What Can Magnets Do?
o pg 10-13, Magnets Pulling Together Pushing Apart
o pg 4-5 & pg 20-21, All about Science: All about Magnetism
Turn-and-Talk b) Turn-and-talk: What information did you hear that helps answer our

question: When or where do magnets push or pull each other?

c) Optional: Compare how authors/books presented the same information.
Why do you think authors chose different ways to communicate this
concept? Which author do you think did the best job? Why?

3. Making sense of new information
®
a) Have students write their response to the lesson question: When or
where do magnets push or pull each other? Encourage students to use
ideas from the books and their observations from part 1. They can make
Quick Write labeled sketches and full sentences.

Teacher role: Noticing student understanding

As students work on writing, circulate and examine what they are writing. What
are you seeing from the class around these content ideas?
1. that magnets have two different poles
Teacher Move 2. where poles are located on different magnet shapes -- not just the ends
3. how poles cause a change a magnets position/motion when magnets
are oriented to other magnets in particular ways
Depending on what you notice, you may offer individual students or pause the
class to offer a reminder or provide scaffolding.

b) After about 5-7 minutes of writing, pause the class. Have students turn
their attention back to the magnetic toy and have a table/group discuss
and then continue writing about: How does learning about magnetic
poles, attraction, and repulsion help us explain the gaps in the magnetic

Turn-and-Talk ring toy? As students write, look for the 3 ideas above in addition to 4.
how understanding poles explains gaps in the magnetic toy.
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Forces Make Things Move, Grade 3: Non-Contact Forces Lesson 2
4. Summarize: Explain & Connect (whole-group)

Share ideas and wonderings. Make a summary table or chart for this question about
magnets pushing and pulling to help us remember.

Activi Observations Learning & Connections to the
Summary clivity & Patterns Explanation phenomenon
Table: Explain
& Connect Each magnet has two pales in * opposite poles = Each donut magneat has
When do different places like toplbottom, | attract/pull two magnetic poles on the
magnets push? |ands, or opposite sides. fop and bottom. The side
When do * game poles = going arcund the donut
magnets pull? | The donut magnets can move | repelipush doesn’t seem to have any
the aiher magnet through the strength ta push ar pull
table and pages of a book but * magnets have two other magnets.,
nol the whole book. palas even il you broke a
magnet, the pieces have | When two donut magnets
To get a magnet 1o move the poles are on top of each other
ather, it had o get closa to it thery will push away or
repel if their poles on the
All magnets had some ‘weak sides are opposite.
spots’ or ‘'dead spols’ babwaan
poles where pushesipulls
aran'l as strong.
5. Lesson Closing
a. Check in with students using a thumb-mometer: Do you think we have
Lesson answered the question about when do magnets push and pull? If lots of
Closing side or down thumbs, ask a follow-up about what other information or

investigations they need to help answer this question.
b. Tell students that next time they will keep thinking about what causes
these gaps between magnetic rings and why they are different heights.
c. Have students stack their notebooks open to the pages from today’s
lesson so they are easy to skim and sort.

[If time permits, there are optional extension tasks at the end of the SlideGuide for this lesson.]

Teacher reflection: Examining Student Thinking

Do a quick 3 pile sort of notebooks by the amount of information on the page
(none/very little, some, a lot). Then spend more time tackling each pile, reading
more closely, to get a better sense of students’ current thinking.

% What ideas do you see and understand in students’ work? Specifically,

Teacher Move: for this lesson, what information did students include about the
Examine & importance of magnetic poles?
Interpret 1. That magnets have poles

2. Shere poles are located on different shapes of magnets --
not just at the ends of a magnet

3. How poles cause a change a magnets position/motion when
magnets are oriented to other magnets in particular ways

4. Connect knowledge about magnetic poles to explain gaps in
the magnetic toy

% Whose notebooks are in each pile? What does this make you wonder
about how to support all students recording their current thinking?
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Forces Make Things Move, Grade 3: Non-Contact Forces

Photos from Lesson 2
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Part1

A SHORT READING....

Magnetic Poles

Magnets come in a variety of shapes and sizes like bar, disc, circle, or Opposite poles attract
horseshoe. But no matter their shape, every magnethasanorthand " = <@g~
south pole. The north pole of one magnet willirepel, or push away,

the north pole of another magnet. The south pole >f one magnet Pre——

will repel the south pole of another magnet. However, if you put the o —
north pole of one magnet near the south pole of another magnet, ‘ ‘

you'll feel an jattractive force and the magnets pull together. T —6f

If you could carefully break or cut a magnet in half, the pieces would
become smaller magnets with north and south poles! Magnets can
stop being magnets if they are heated or dropped wh ="~ ik Question:
some people cut a magnet in half it actually stops b M

How did the aufthor use7

arrows in the d\agran:\s w

What do the arrows sno
or mean?

Sources: Jefferson Lab and Apex Magnets
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MAKAOESERUTIONS

donut horseshoe  bar
You need: 2 of the same magnets at a time o M ~
Your job: Move the 2 magnets around (same kind ° -

of magnet). Observe the pushes and pulls
between the magnets.

[ Can you push one magnet with the other magnet?
3  Can you pull one magnet with the other mogne‘r’7
d  What do you notice about the distance or
Next step: with another scientist at your
table. Does your magnet shape push
and pull the same as another shape?

What do you notice? repel attract

SURIRTIRY TR
OESERITTIONS & PATIERES S n &

oy
>  What did you do?
> What did you observe or notice?
> What claims can we make about how E H
magnets interact with each other? gLl
repel attract
Activity Observations & Data Explaining our Making Connhections

Patterns observations and data

When do maguets What did you observe What did we learn How does this activity

or notice? that helps explain our help us explain how
push? When do observations? the magnetic toy
works?

magnets ,bu//?

Lesson 2 Slides
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Helpful Words:

-
e Q magnet  poles
O attract pull
repel push
d Open toanew page. /,\

@  Glue your reading.
O Write title and date. w )
MOde\mu\\; you use arrows in

d  Sketch what you did with magnets. \;‘gx(;\(zetch? What do ;the
[ Explain what you figured out today. Arrows show or mean’

R

01-19-20

Magnets attract and repel

THINK & DISCUSS

What have we figured out about:

[P DO FIAGRETS PUSTH [FICH OTHER?
WHENIDGINNGNETSIEUNREN GG ERG

Anything else we want to know,
research, or figure out?
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Part 2

TIESTE TEXTS SARE 14 DENSY

Refer to the pages below for the book(s) you have available.

What Magnets
Can Do

N

pages 12-16 pages 10-13 pos 4-5 & 20-21

Does the information help us answer today’s question:

[WIHIERE QIR [WHIEN DO MIAGNETS PUSTH OR PUILZ
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Helpful Words:

magnet  poles
attract pull
repel push

4

Below what you wrote yesterday..
O Add more about when or where magnets
push and pull on each other.

\\\
>4

Magnets attract and repel  o1-19-20

SUMMIRYATHBIE —
BT OUR OBSERITTIONS °o° éf; =

What did we learn from the texts that
helps us explain how magnets interact
with each other?

repel attract

Our Question Observations & Data Explaining our Making Connhections
Patterns observations and data

When do magnets What did you observe What did we learn How does this activity

or notice? that helps explain our help us explain how
,bas‘/t? When do observations? the magnetic toy
works?

magnets pull?
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APPLY WHAT WE KNOW: MAGNETIC RING TOY

How does learning about
magnetic poles, attraction, and
repulsion help us explain how

the magnetic ring toy works? ‘ b

SUMMARVATAELE:
CTTNG CORMRCTIONS "n o

Sy

How can what we observed and learned —p.
help us explain part of the story about
how the magnetic ring toy works? H

repel__attract

Our Question Observations & Data Explaining our
Patterns observations and data Making Connections

When do magnets What did you observe What did we learn How does this activity

or notice? that helps explain our help us explain how
push? When do observations? the magnetic toy
magnets pull? works?
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[ESNENSIONS

Optional

Magnetic Poles

Magnets come in a variety of shapes and sizes like bar, disc, circle, or Opposite poles attract
horseshoe. But no matter their shape, every magnet hasanorthand @l = <@
south pole. The north pole of one magnet will repel, or push away,

the north pole of another magnet. The south pole of one magnet SR

will repel the south pole of another magnet. However, if you put the - -
north pole of one magnet near the south pole of another magnet, ;o =

you'll feel an attractive force and the magnets pull together. T —6f

What if a magnet does not
have its poles labeled? How
could you figure out which pole
is north and which is south?

Sources: Jefferson Lab and Apex Magnets
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PXTENSION N OB
INE@RMNTI @)

[P CRTTT e JUST
[T ORIz PONLE [IF BPTE

BRENKGIVANGN B

Magnetic Attraction

3 Ouarsatars for o Smal Geowp
"

Mg

—

Stoge lefr: Compuss matches the argument between the bar mogret chari ters
Mopet 81 Youire just mpossiblel
maget B2 Youre being stubbon

P meper FL
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Magnetic Poles ipposite pole

Magnets come in a variety of shapes and sizes like “ == : “
bar, disc, circle, or horseshoe. But ho matter their

shape, every magnet has a north and south pole. The

north pole of one magnet will repel, or push away, the -

north pole of another magnet. The south pole of one

magnet will repel the south pole of another magnet. “
However, if you put the north pole of one magnet

near the south pole of another magnet, you'll feel an B_ _ ﬂ'
attractive force and the magnets pull together. - S '

If you could carefully break or cut a magnet in half, the pieces would
become smaller magnets with north and south poles! Magnets can stop
being magnets if they are heated or dropped which is why when some
people cut a magnet in half it actually stops being a magnet.

Sources: Jefferson Lab and Apex Magnets Lesson 2: Student Reading

Magnetic Poles ipposite pole

Magnets come in a variety of shapes and sizes like “ == : “
bar, disc, circle, or horseshoe. But ho matter their

shape, every magnet has a north and south pole. The

north pole of one magnet will repel, or push away, the -

north pole of another magnet. The south pole of one

magnet will repel the south pole of another magnet. “
However, if you put the north pole of one magnet

near the south pole of another magnet, you'll feel an B_ _ ﬂ'
attractive force and the magnets pull together. - S '

If you could carefully break or cut a magnet in half, the pieces would
become smaller magnets with north and south poles! Magnets can stop
being magnets if they are heated or dropped which is why when some
people cut a magnet in half it actually stops being a magnet.

Sources: Jefferson Lab and Apex Magnets Lesson 2: Student Reading
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Forces Make Things Move, Grade 3: Non-Contact Forces Lesson 3

Lesson 3 More on Pushes and Pulls: Introducing Gravity

In this lesson, students continue learning about how forces can cause or
change motion by learning about gravitational force.

e Students will use ideas about forces (gravity and magnetism) that
act between objects to make predictions about motion (or no motion)
of an object.

Purpose
For more about supporting on-going changes in student thinking, see http://AmbitiousScience Teaching.org
e Focus question NGSS 3-D
. -_.__:_.: / How does the magnet float in-place SEP: Developing and using models. Develop
—r —— # . . , . . models to explain phenomena.
without moving? What’s going on with
) the gaps?
Learning
Target Learning Target
| can obtain information about gravity
and use it to explain and predict motion.  ccc: cause and Effect Cause and effect
*You do not need to post a target statement. Instead, pose relationships are routinely identified. CCC: Patterns
a question on the board. Patterns can be used to make predictions
4 __ Forthe class: Per student:
%‘% & - Lesson Slide Guide (GoogleSlides) - Science notebooks
; m% - 2 magnetic ring toys (or more) - half-sheet student notes (scaffold)
ko - Chart paper and markers - 1 set of 4 donut magnets
Materials - Sticky notes _ - 1 pencil
- Book: Forces Make Things Move by
Kimberly Bradley
Part 1
1 1. Orient students to an idea/question: Use a student idea/question related to
2 ideas about gravity or pressure to introduce today’s lesson. Have students
3 notice/wonder about the magnetic ring toy oriented vertically versus
horizontally.
Lesson Step 2. Provide new information: Read selected pages to give students information
Summary

about gravitational force they might find helpful as they explain the behavior of
magnets in the next activity. (Option: Students use note-taking scaffold.)

3. Engage students in activity for sensemaking: Students explore and talk
about what they notice about the gap size between magnets.

4. Revisit the concept of gravitational force: Revisit the idea of gravity as a
force using a short video clip and add the term to the science word wall.

Part 2

5. Model-to-Explain: Students model-to-explain the changes in gap size between
magnets using ideas they have heard about so far magnetic and gravitational
forces. How can you develop a model that explains what’s going on with the
forces? Circulate and press students to talk about how they are showing
magnetic and gravitational forces in their models.

6. Class discussion: Choose 2 models to launch a class discussion about what’s
going on in the gaps between magnets and how students showed forces. At the
end of the discussion, summarize any “take-aways” or “most-important points.”

Developed by C. Colley, PhD ccolley@rentonschools.us, with Grade 3 teachers and students at Sartori Elementary, Renton Public Schools
© 2019 under a Creative Commons Attribution NonCommercial-ShareAlike 4.0 International License. Available at www.AmbitiousScienceTeaching.org



https://docs.google.com/document/d/15HtE26sIQjHNqJq7YLGD8TxuZrqncP28S5aiUpENImY/edit?usp=sharing
http://ambitiousscienceteaching.org/
https://docs.google.com/presentation/d/10efaA6GeEo9_jUnpP7h4TmFiOW359Bzg2PYy9Dw6IJ8/edit?usp=sharing
https://docs.google.com/document/d/1FWbEeoM_fuZ5frSV9Ud0yKQhDBYAfMNnHK4nBqTXeds/edit?usp=sharing
mailto:ccolley@rentonschools.us
http://www.ambitiousscienceteaching.org/

Forces Make Things Move, Grade 3: Non-Contact Forces Lesson 3

1. Launch: Introduce today’s lesson

This might sound like:

a) Refer back to an observation, idea, As we have been exploring magnets,
or question from L1 or L2 related to ~ Some of you have been using words like
gravity or pressure to introduce the gravity and pressure along with ideas
lesson. It is helpful to directly point to about repelling and attraction, or how
the idea or question that is on a magnets push and pul/ on each othfar.
) We have a wondering on our question
public chart so students see what chart about why magnets seem to
your lessons are following-up on squish together, making gaps smaller
ideas or questions that they, or and some gaps bigger [or insert related
Purpose others in their class, have about question from your students].
magnets and the magnetic toy.
Today we’ll have some time to learn
b) Show the focus question: How does more about gravity asa for‘.:e and'what
. . job the force of gravity has in helping us
the magnet ﬂo?t in -place wi lthO“t think about how magnets interact. A
moving? What's going on with the question to work on answering today is:
gaps? What’s going on with the gaps between
the magnets on our magnetic ring toy?
Photo: Notice c¢) Do a notice and wonder about Why are some gaps bigger than others?

& Wonder

Turn-and-Talk

Read for
information

Note-taking

Turn-and-Talk

images or observe the actual
magnetic ring toy oriented vertically
compared to horizontally. This is
meant to get students focused on
today’s question and not turn into a
long discussion right now. There is
time later in the lesson for a class
discussion about this phenomenon.

2. Introduce new ideas: Short reading

Let’s look at this image (see slide) that
shows the magnetic ring toy laying
horizontal and compare it to vertical.
What do you notice about the gaps?
What do you think caused that to
happen? Think for a few silent seconds
[give 10-15 silent seconds] and now turn
and talk with a partner. [No need to
share out whole group here. There will
be time later.]

a) Tell students that they build on the language that some were using around
gravity, pressure, pushing, and pulling. To help focus on what the text says,
suggest students jot some notes as they listen in their notebook (optional:
preview the half sheet notetaking scaffold so students know what to listen

and look for in the text.)

Read pages 22-29 to the class from the book Forces Make Things Move by
Kimberly Bradley. Pause once or twice for about 15-20 seconds to allow
students to jot or sketch a note about what they heard/read so far.

Ask students to prepare a thought to share with a partner to answer the
question: What did you find out about gravity from this book?

Slowly do a picture walk back through pages 22-29 and students can signal
a part or page to pause on to reread/revisit now. Give students a silent
minute to add notes about gravity as a force.
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Forces Make Things Move, Grade 3: Non-Contact Forces Lesson 3

VAN

Safety Alert

Make
Observations

OO
& 4

PartnerTalk

Teacher Move:
Listen & Confer

>

Video Clip

Science Word

3. Engage students in an activity for sensemaking:

a) Tell students they will use the donut magnets on their pencils like the

magnetic ring toy to compare vertical and horizontal orientations to figure out
what makes gaps bigger or smaller.
b) Remind students about safely: Back-Pocket Questions
e Magnets can pinch so be careful. , @
e Wash hands after Getling Started:
touching/working with these * Materials: Do you have
what you need to observe gaps
magnets. between magnets?

e Observations: What did you notice

c) Each student needs 4 donut magnets about the size of the gaps?

and their pencil. If you have multiple e Patterns: When are the gaps small?
magnetic ring toys, have those When are the gaps bigger?
available if students have questions
they would like to test using the toy
compared to donut magnets.

Pressing & probing:
e Cause-and-effect: What do you think
might cause to happen?

) e Explain using science concepts:
d) Encourage students to talk with each o What information helps you

other to share their models and ideas explain what you noticed?
about the sizes of gaps between o How can ideas about magnetic
magnets. poles or gravity help you explain

why or how that happens?

Teacher moves: Circulate, attend, elicit, and confer

Circulate as students make observations. Listen and watch. After doing some silent
attending to what students are saying and doing. Try some back pocket questions
to help students look for patterns and push students to try-out using science
concepts like magnetic forces and gravitational force in their verbal explanations.

4. Revisit ideas:

Return materials to the tub and rejoin at the carpet to take a moment as a class
to revisit the concept of gravity using the short video clip. What else did you
hear about gravity?

Optional: Student understanding about gravity as a force is still under
construction so students may not feel confident yet about revising the definition.
Use teacher discretion to decide if you want to use the slide with the definition
draft for gravitational force and have students turn-and-talk about how they
would revise or reword the description provided. Add to the science word wall
for future reference.

[Depending on timing, pause here and start with models in Part 2. If you have time remaining
today, students can start their models, and finish them at the beginning of part 2.]
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Forces Make Things Move, Grade 3: Non-Contact Forces Lesson 3

Re-orient students to science ideas: Might sound like: We've been thinking

Return to the image of the magnetic ring ~ about why gaps between magnets are

toy gaps (vertical vs horizontal) and have different sizes and how magnets can
Think Time  students think about what they've hover without moving. What have we

learned about magnetic forces and learned about magnetic forces or
u 9 gravitational force that could help us

gravitational forces so far. explain this? [Think. Turn-and-talk ]

5. Model-to-Explain:
Turn-and-Talk
a) Prepare students model-to-explain the gaps, comparing horizontal vs
vertical, using ideas they have heard about so far magnetic poles and
gravity as a force. Remind students that scientists use arrows to represent
things, that we can’t see but we know are there, like forces. Also, tell

— students to try using recent ideas they have learned about magnetic poles,
Model to attraction, repulsion, and gravitational force.
Explain a) Give time for students to sketch Back-Pocket Questions
models explaining the gaps in Getting Started: @
magnetic ring toy using ideas they e Clarify Task: What will you
have learned about so far. explain in your model?

e Observations: Start by sketching what
b) Have students share models and get | You noticed first.

Turn-and-Talk ideas by sharing with an elbow Pressing & probing:
partner or do a stand-up-hand- e Modeling: You said . What’s one
up-pair-up to share and compare way you could show that with symbols,

how they chose to show magnetic colors, or arrows on your model?
and gravitational forces. This is a e Compare: What forces are th.e same

h | f rticioating in th between the vertical and horizontal
renearsal for participating in the toys? Do you think the forces change?

whole-class discussion next. How could you show that?

Teacher moves: Circulate, watch, listen, select, and sequence
Circulate and attend to what students are saying, writing, and drawing. Try back
pocket questions (above) to help students get started or to represent forces they
can’t directly see (using color, symbols, arrows). Look for students who show the
following and would be willing to show that part of their model to the whole class:
1. Show that magnets repel or attract using arrows, symbols, or colors.
Teacher Move: 2. Show a difference between gravitational force and magnetic force.
Select & Sequence 3. Using ideas about different forces to explain why gaps on the horizontal toy
are equal but gaps on the vertical toy were different sizes.

6. Class discussion (or try Hands-Down Conversation , see next page)

|. oo a. Have 3-4 students quickly show how they represented forces: What were
) some different ways we showed forces? How did we show the magnetic
...O forces? How did we show the gravitational force?

Share & b. Direct the discussion to the original question. Why are the gaps more evenly
Discuss spaced in the horizontal toy and vary in size in the vertical toy? If you want,
try a hands-down conversation (see next page for more detail).
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Forces Make Things Move, Grade 3: Non-Contact Forces

Hands-Down Conversation Opportunity: Gaps between magnetic rings

Purpose

Micro-lesson

Think Time

", :9 )

Discuss

Feedback &
Follow-up

Use a hands-down conversation
structure for about 10 minutes about
today’s question about the horizontal
versus vertical image of the magnetic
toy. This could be during a shorter
science time or in another part of the
day. The goal for this discussion is
building on each others’ ideas.

This discussion also acts like a rehearsal

of ideas before students go
model-to-explain these ideas on their
own in their notebooks. (Alternative
sequence: Have students

model-to-explain first to prepare for the

discussion.

1. Micro-lesson: Build ideas together

a. Tell students the focus of this
discussion is to build ideas

together, which goes beyond just

sharing your idea.

b. Provide a list of what they can say

to build ideas together.

c. Have students move into a large
circle so everyone can see each

other and has space.

2. Getting started: After students are in
a circle, and can see everyone, ask

who would like the first word in the
discussion explaining what’s going
on with the gaps..

3. Teacher role: Intervene, only when
needed, to remind students of the

expectations or of today’s challenge.

Let awkward silences happen.

4. Getting feedback: In the last

minute, choose a student to give the

last word. Then, check in to get

feedback from students. How do they

think they did today in building

ideas? Add any new specific moves

to the list to try next time when
building ideas is the discussion
purpose.

Say something to students like,

“Let’s take some time to do some
deeper thinking together to build our
understanding of forces together. Your
challenge for this conversation is not
only to share your thinking but to
connect it to another students’ idea or to
something we read or observed. What
could building ideas sound like? [Jot
some ideas on the board.] You could try
building ideas by saying:

e “Yes,and...”

“Can anyone say more about ___ ?”
“I think ____ which connects to...”

“l agree that __ but what if...”

“l disagree that __ because...”

“ ___makes me think about...”

We can add more to this list later.

Remember, your challenge is to build off
each other while following the
expectations of (1) no hands, (2) one
voice at a time, (3) listening to
understand, and (4) responding. I'll give
you the prompt and some silent think
time before we move into our circle.

[Teacher role: Provide question/prompt,
then step out and have students start
the hands-down conversation. Intervene
when needed. After several minutes,
invite one student to share the last
word/contribution to end the discussion.
Then do a quick debrief about the
discussion experience.]

Let’s check in on our challenge today.
Show your thumb-mometer. How did
you do personally today at trying to build
ideas together? [Look at thumbs] Would
anyone like to share something you
tried out to build ideas? [Share a few.]
Are there any moves we want to add to
our list? We will have a chance to
improve and rise to this challenge later
in this unit.”
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Forces Make Things Move, Grade 3: Non-Contact Forces Lesson 3

Teacher reflection: Examining Student Thinking

There are many ways to analyze student work. For this lesson, look through
students’ notebook entries about explaining the gaps in the magnetic ring toys.

Look for how students modeled with forces. This will help you launch lesson 4:
% How are students using arrows and labels to show forces?
% Which students tried out using gravity or gravitational pull? How did they

Teacher Move: : |
Observe & show this? Did they use arrows or labels or color?
Interpret % Which students used ideas from lesson 2 about magnetic poles,

attraction and repulsion between magnets? How did they show this? Did
they use arrows or labels or color?

Lesson Photos

Optional Teacher Reflection: Considering alternative conceptions

Below is a list of commonly-held alternative ideas students may have about gravity. Take a moment to
consider which students shared these understandings through talk or writing. Remember, the expectation
in grade 3 is that students recognize and describe how gravitational force can cause changes to the
motion of objects. Students continue developing their conceptual understanding over the next few years,
and can start working on them now.

Approx # of students Some commonly-held alternative understandings
showing this idea in L3 about magnetism and gravity that could surface in Lesson 3

1. Magnets are attracted to each other because of gravity.
Gravity turns on/off. Gravity is ‘on’ when an object falls, ‘off’ when it lands

3. Gravity works one direction, just towards large objects -- The Earth’s gravity
attracts the person but the person's gravity does not attract Earth.

4. Gravity only affects heavy things. (Least likely to come up, but might.)

Not all ideas listed are fully addressed in this Grade 3 lesson or unit. Lessons in this unit lay the groundwork for continued learning in
future grades. Misconceptions are stepping stones to developing understandings and take time to shift. See this article to read about
the usefulness of surfacing, acknowledging, and using misconceptions.

What could you do with this information? It is more important to push students to consider for
themselves how their ideas align or not with other sources, including video, text, and peers.
% How does your idea compare with... what the text or video says? What your partner says?
* In what places do you and the text/video/partner agree? disagree?
* What makes sense or doesn’t make sense to you?
»* What do you need more information about to help grow your thinking?
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Part1

This is the magnetic ring toy in
a horizontal position, parallel
with the table surface.

S aw

This is the magnetic
ring toy in a vertical
position, perpendicular
on the table.

horizontal

vertical

Lesson 3 Slides
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Les50n 3: Student Notes on Gravity

& . ‘": = What does this
Lfl - L, ' book say about
¥ - 2| gravity as a force?

pages 22-29

Q%O > What did you find out about gravity?
> Do you think knowing about gravitational force is helpful to

l explaining the gaps between magnets? Why or why not?

WHAT'S GOING O IITH THE GAPS?

COMPARE GAP SIZES: HORIZONTAL IS VERTICAL 2

You need:

1 penctl H ° Safety Note:

4 donut mognefs These magnets can
° pinch so be careful with

your fingers.

Your task:
1. Place the pencil through the magnets. Try horizontal and vertical.
Change the number of magnets. Explore and observe.

2. Talk with a partner or group about what you:
Notice: What happens with the magnets? What do you notice about the gaps?

Explain: How can you use your knowledge of magnetic poles and gravitational forces

to explain what you observe?
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What else can
we learn about
the Earth’s
gravitational
force?

Compare info
from the book

and video.

Gravitational force
Gravity is an attractive force between objects.
The strength of the pull depends on the masses

of the objects and how far apart they are.
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d Open toanew page.
! d  Glue your reading.
vertical Q  Write title and date.

O Sketch a model to show your ideas.
Q  Jot your explanation about today’s question.

Helpful Words:
magnhet  poles

attract pull
repel push
gravitational force
magnetic force

i inQ arrows:
odeling using )
|\\f‘\ow could you usé arrows In

your ketch? What do the

show or mean?

arrows

v e O What's going on with the gaps? o1-16-2

1. Srevityisa that every sbject has for every other object

2. The grovity of one object en ancther is strenger when

jeovier objects have grewtationsl pull than lighter meight objects
ockets leave Earth and make it inte spoce becouse

5. On Earth, gravity alweye

What forces did you show in your model?
QQ How did you show them?
l i What felt easy for you to make this model?

What felt hard for you to make this model?
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How does the information about gravitational
force and what we know about magnetic force
help us explain the sizes of gaps in these photos?

Bonus: What if this toy were in outer space?
Do you think the gap sizes would be different?
£ -

horizontal vertical
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Statements about Gravity
Use information from the book and video fill in the blanks to make true statements about gravity.

1. Gravityisa that every object has for every other object.

2. Gravitational force of one object on another is stronger when

3. Heavier objects have gravitational pull than lighter weight objects.

4. Rockets leave Earth and make it into space because

5. On Earth, gravitational force always

Lesson 3: Student Notes on Gravity

Statements about Gravity
Use information from the book and video fill in the blanks to make true statements about gravity.

1. Gravity isa that every object has for every other object.

2. Gravitational force of one object on another is stronger when

3. Heavier objects have gravitational pull than lighter weight objects.

4. Rockets leave Earth and make it into space because

5. On Earth, gravitational force always

Lesson 3: Student Notes on Gravity



Forces Make Things Move, Grade 3: Non-Contact Forces

Lesson 4

Lesson4 Balanced and unbalanced forces: Which force wins?

Purpose

L

Learning
Target

In this lesson, students continue learning about how forces can cause or
change motion by identifying the strength and direction of forces.
e Students will identify strength and direction of forces acting on an

object to predict whether or not the object will move or stay still.
For more about supporting on-going changes in student thinking, see http://AmbitiousScienceTeaching.org

Focus question
Magnetic force versus gravitational
force: Who's the winner? What does it

mean for the motion of an object if forces

pushing or pulling on it “win” or “lose”?

Learning Target

| can identify the strength and direction

of forces acting on an object to explain
or predict if it will move or stay still.

For the class:

- Lesson Slide Guide (GoogleSlides)
Chart paper and markers, sticky notes
40 sheets of paper

NGSS 3-D

SEP: Develop and use models Develop a model to
describe phenomena SEP: Planning and carrying
out investigations Make observations and/or
measurements to produce data to serve as the basis
for evidence for an explanation

CCC: Cause and Effect Cause
and effect relationships are routinely identified. CCC:
Patterns Patterns can be used to make predictions

Per student:

- 4 donut magnets + pencil

- Science notebooks

- Optional: data table (handout)

Materials - 1 horse shoe magnet Per group:
- 1 donut magnet - 1 magnetic ring toy
- ruler, tape measure, meter stick
- graph paper
Part 1: Forces can ‘win’ and ‘lose’: Introduce balanced/unbalanced forces
Ve 1. Orient students to an idea: Read and discuss the quote (win/lose).
2 2. Engage students in activity for sensemaking: Whole class demo of holding
3 sheets paper on the magnetic whiteboard with magnets. Introduce new terms.

3. Just-in-time instruction: Mini-lesson about modeling forces with arrows
Lesson Step 4. Model-to-Explain: Students model-to-explain the forces story (using arrows).
Summary 5. Summarizing Learning: Recap today’s observations, learning, connections

Part 2: Biggest Gap Challenge
1. Orient students to an idea: Use image of gaps. What do you notice? wonder?
2. Engage students in activity for sensemaking: Challenge students to create
the biggest gap. What configuration of magnets makes the biggest gaps?
3. Discuss data patterns: Collect data as a class and analyze patterns.
4. Model-to-Explain: Students model-to-explain the forces story for today’s
challenge. Use data and info about magnetic poles & gravitational force.

Part 3: Highest Launch Challenge
1. Pose challenge: Students notice magnets act like a spring. How far off the top
can this ‘magnetic spring’ push a magnet? How can we measure height?
2. Circulate and compare: Midway through experimenting, pause the class for a
gallery walk to circulate, see others’ designs and get ideas from other groups.
3. Discuss data patterns: Collect a ‘final launch’ data as a class and discuss data.
4. Model-to-Explain: Students model-to-explain the forces story for today’s

Developed by C. Colley, PhD ccolley@rentonschools.us with Grade 3 teachers and students at Sartori Elementary, Renton Public Schools
© 2019 under a Creative Commons Attribution NonCommercial-ShareAlike 4.0 International License. Available at www.AmbitiousScienceTeaching.org



https://docs.google.com/document/d/1dDStPc628tfkYesZlP9QBbGaI1NYazvN9z-41RimEOo/edit?usp=sharing
http://ambitiousscienceteaching.org/
https://docs.google.com/presentation/d/1WNrjRtwemG_oUEfuuAR2sMl3SuhdnvnbZSl_KnOJ5SY/edit?usp=sharing
https://docs.google.com/document/d/14pXHdVvPIqP6BMIwpN3M4agk-dAc0PEdIbp5cD9j3Q0/edit?usp=sharing
mailto:ccolley@rentonschools.us
http://www.ambitiousscienceteaching.org/

Forces Make Things Move, Grade 3: Non-Contact Forces

1.

a)

Close Read

Think Time

Turn-and-Talk

Lesson 4

challenge. Use info about magnetic poles & gravitational force as well as the
data from the investigation to support or justify claims.

Part 1: Describing forces acting on an object

Launch: Orient to an idea

Refer to an observation, idea, or
question from L2 related to different
strengths of magnets. Tell students
that today they will learn more about
how weaker and stronger forces affect
how objects move. Share the focus
questions: Magnetic force versus
gravitational force: Who's the
winner? What does it mean for the
motion of an object if forces pushing
or pulling on it “win” or “lose”?

Have students read and think about
the quote on the slide from the book
Balanced and Unbalanced Forces by
Jenna Winterberg: “In a match
between gravity and other forces,
gravity usually loses. You can see just
how weak gravity is by using a magnet
fo pick up a pile of paper clips. No
question, Magnetic force wins!”

Ask students: What do you think the
author means about how magnetic
force or gravitational force can win or
lose? Think-pair-share. Discuss briefly,
no resolution is needed right now.

This might sound like:

When you were exploring different shapes
of magnets, some of you noticed that
some magnets push and pull more
strongly than others. Today we’ll spend
some time thinking about the strength of
forces and how forces, like pushes and
pulls, can change the motion of an object.
A question to work on answering today is:
When we compare magnetic and gravity
as forces, which wins? loses? What does
it mean for forces to win or lose?

Let’s look at this quote from a book titled
Balanced and Unbalanced Forces (see
slide): “In a match between gravity and
other forces, gravity usually loses. You
can see just how weak gravity is by using
a magnet to pick up a pile of paper clips.
No question, Magnetic force wins!”

What do you think it means that forces
can win or lose? Like in the paper clip
examples in the reading. Think for a few
silent seconds [give 10-15 silent seconds]
Now turn and talk with a partner.

Listening for ideas in turn-and-talk:
Highlight ideas that consider stronger,
weaker, or equal forces. This will be
helpful in the class demonstration.

2. Engage students in an activity for sensemaking: Class Demonstration

Make
Observations

Turn-and-Talk

a) Tell students they will watch a quick demonstration and to think about this

idea of magnetic and gravitational forces winning or losing. Use the same

questions to discuss after each test.

Test 1: Hold 10 sheets of paper
against the board with your finger and
then let go (so that the papers fall).

Test 2: Hold 10 sheets of paper
against the magnetic whiteboard
using a donut magnet and another 10
sheets with a horseshoe magnet.

Test 3: Add sheets of paper behind
each magnet until the paper and

Questions to discuss on each test:
o What happened?
o Why do you think that happened?
o Was there a winning force? How
can you tell?
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Forces Make Things Move, Grade 3: Non-Contact Forces Lesson 4

magnets start to slide or fall down.

b) Introduce the science words scientists use for comparing forces that tell us if
it causes an object to move or not. Forces on an object can be balanced,
meaning equal, and the object does not move. Or forces on an object are
unbalanced, meaning unequal, and the object moves. Add terms to the
word wall or to an ongoing list of “helpful science words”.

Science Words

3. Just-in-Time Instruction: Mini-lesson about modeling forces

\= @

‘ Use the slides titled “Modeling Forces with Arrows” to show students how to
_ represent forces in models using arrows. Step through examples in
Mini-lesson presentation mode so the slides animate with each click. The important

features are the length, directions, and label (or color code). Briefly discuss
in each example if the magnetic or gravitational force wins (unbalanced
forces = motion), or if the forces are balanced (no motion).

4. Model-to-Explain: The story of the “hold the paper” demonstration

Students sketch in their notebooks what Back-Pocket Questions
they observed in the test today of .
— holding papers to the board. e Observations: Sketch
Model t what we did.
odel to L . .
Explain Have students use what they just . ;\/"Ooudreri';(‘)%elg’ow did you show that in
learned about ba_Ianced and unbalanced | o ‘compare: How can we tell if the forces
er09§ and try using arrows (length, are unbalanced or not? How can we
direction, labels) to show forces. tell if the papers are moving or not?

[Timing note: If there is no time today to summarize, engage the following day as a way to
reorient students to the idea that knowing if forces are balanced or not helps predict motion.]

5. Summarize Learning

Activity: What did we do? What did we test?

Data patterns: What happened? What did we figure out?

Explanation: What did we learn to help us explain or show our thinking?
Connection: How can this help us explain our phenomenon?
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Activity Observations & Data Explaining our observations and data Making Connections
Patterns
Magnetic With no magnet, papars The Earth’s gravity pulls down on the The magnetic ring toy always
force vs fall. papers. Each magnet has a magnetic force | “feels” the gravitational force from
Gravitational that keeps it stuck (atiracted) to the board. the Earth pulling all the magnets
foroe: Horseshoe magnet held down. But the magnetic forces
Haolding 28 sheets before sliding. If papers stay up = forces balanced betwean magnets can attract or
papers up If papers slide, gravity wins = forces repel them depending on where
Donut magnel held 23 unbalanced the poles are
sheels before sliding
We draw forces with arrows: We should use arrows when we
Length = strength / Pointer = direction draw the magneatic ring toy o
Remember to labsll show the different forces

Part 2: Biggest Gap Challenge

1. Orienting students

a) Remind students of the question they are working towards answering:
What does it mean for forces to win or lose when they act on an object?

Photo b) Show students an image of two vertical magnetic ring toys with different
sized gaps near the bottom. Ask: What do you notice? What do you
wonder? Turn-and-talk.

2. Engage students in activity for sensemaking

Turn-and-Talk a) Challenge students to work with their group to figure out how to get the
biggest gap possible between magnets 1 and 2 (bottom 2 magnets). The
magnetic ring toys come with 10 donut magnets so students can use up to
10 magnets in any configuration.

b) Decide as a class on a standard Back-Pocket Questions
way to measure the gaps. Using
the centimeter side of a ruler? Put
graph paper behind and count

e Materials: Do you have
what you need to observe

Measurement squares? Suggest students make gaps between magnets?
quick sketches with measurements | o Observations: What did you notice
as they try different configurations. about the size of the gaps?
c) Send students to gather materials | e Patterns: When are the gaps small?
and work as a team to come up When are the gaps bigger?
Teamwork with the biggest gap between

e Measurement: How will you know

magnets 1 and 2. Ask back-pocket when you found the biggest gap?

questions as needed.

3. Collect and analyze data:

a) Have each team show the configuration they figured out that made the
highest gap between magnets 1 and 2. Create a class data table (and/or
use optional data table).

Analyze Dat .
ndlyze bata b) Ask students to look at the data and think about: What patterns or trends

do you notice between magnet position and gap size?
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4. Model-to-Explain: The forces story behind the biggest gap

a) Students sketch what they Back-Pocket Questions
opservgd about magnet position/ e Observations: Sketch what @
Model to orientation and size of gaps. you did. What did you
Explain notice about the gaps?
b) Have students use what they
know about magnetic force, e Modeling: How did you show that in

magnetic poles, gravitational your model?

force, and balanced/unbalanced | e Explain: What causes gaps between
forces to explain what conditions magnets? What makes gaps change
cause gaps between magnets size?

and what makes the gaps bigger.

Optional Hands-Down Conversation Opportunity: The floating pencil
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Forces Make Things Move, Grade 3: Non-Contact Forces

Purpose

_\E_‘A

Micro-lesson

Think Time

", :9 )

Discuss

Feedback &
Follow-up

Use a hands-down conversation
structure for about 10-15 minutes about
the floating pencil image. The goal for
this discussion is to justify our thinking
with evidence.

Is this image real or fake? Why do you
think the pencil can hover like that?

1. Micro-lesson: Justifying claims

a. Say that the focus of this
discussion is justifying our ideas
or claims with evidence
Provide a list of what they can say
to justify their claims.

c. Have students move into a large
circle so everyone can see each
other and has space.

2. After students are in a circle, and can
see everyone, ask who would like
the first word in the discussion about
whether the image of the floating
pencil is real or fake

3. Intervene, when needed, to remind
students of the expectations or of
today’s challenge. If students seem
stuck, repeat the question and have
students turn-and-talk.

4. In the last minute, have a student
give the last word. Then, check in to
get feedback from students. How do
they think they did today using
evidence? Add any new specific
moves to the list to try next time.

Say something to students like,

“Let’s take some time to do some
deeper thinking together to build our
understanding of forces together. Your
challenge for this conversation is to use
evidence to decide if this image of a
floating pencil is real or fake. What does
using evidence sound like? [Jot some
ideas on the board.] You could try
including evidence by saying:

e “I's  since we saw that...”

“l think ___ because we learned...”

“I heard you say. How do you know?”
“What evidence do we have that...?”
“You said ____ and | know that’s true
because...”

Remember, your challenge is to use
evidence to support your claims while
following the expectations of (1) no
hands, (2) one voice at a time, (3)
listening to understand, and (4)
responding. I'll give you the prompt and
some silent think time before we move
into our circle.

[Teacher role: Provide question/prompt,
then step out. Intervene if needed. After
about 8 minutes, invite one student to
share the last word/contribution to end
the discussion. Then do a quick debrief
about the discussion experience.]

Let’s check in on how we did today.
Show with your thumb-mometer: How
did you do personally at trying to use
evidence or asking others to use
evidence? [Look at thumbs] Would
anyone like to share something you
tried with evidence? [Share a few.] Are
there any moves we want to add to our
list? We will have more opportunities to
practice arguing from evidence in other
science and reading discussions soon

Part 3: Highest Launch Challenge
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Forces Make Things Move, Grade 3: Non-Contact Forces Lesson 4
1. Pose challenge. Define criteria and constraints.
a) Students have noticed that compressing repelling donut magnets on the

pencil/pole acts like a spring -- compressing magnets down and releasing
them can even make the top magnet fly off! This part of the lesson gives

Purpose students an opportunity to practice collecting measurement data and iterating
on a design with their team to meet today’s challenge. Introduce today’s
challenge question: How far off the top of the pole/pencil can we get the
‘magnetic spring’ to push the top magnet?

b) Before we start working on this challenge, ask students, “What are some
criteria we need to decide on before we get started?” Or pose each of these
questions to decide as a class:

& - How will we measure height? Students may suggest using the way
they measured in Part 2 or have other ideas.

Measurement

- How many magnets can we use? Decide as a class. Perhaps 10
could be an upper limit as that is how many come in the magnetic
ring toy box. If using the ceramic magnets, 10 together are fairly
strong so definitely remember the safety warning about pinching.
| 1

] e - How will you keep track of what designs are working or not? Quickly

=]= share some ideas about how to use science notebook to sketch

magnet layouts and heights. (If desired, provide this optional data
) table as an option or students can use today to practice figuring out
collection how to organize their own data collection in their notebooks.)

Discuss data

- If needed: What does teamwork look and sound like? A quick review
of teamwork expectations for your classroom, perhaps highlighting
sharing materials (not hogging) and being sure to invite people into
the group if they are sitting back.

or use ceramic donut magnets. Remind students about safely:
e Magnets can pinch so be careful.
Safety Alert e Wash hands after touching/working with ceramic magnets.
e If using ceramic magnets, teams should work on a carpeted
surface or rug, so if magnets land they are less likely to break.

f c) Teams use the magnetic ring toys (1 per group) if there are enough sets,

2. Getting students started.

a) Divide into teams and collect materials (ring toy set or donut magnets +
pencil with some measuring device). Circulate and look at how teams
are getting started.

Teamwork

b) Intervene in groups, as needed, to address your noticings about how the
team is working together, how they are sharing responsibilities, testing
ideas, using their notebooks, etc.

¢c) Midway through experimenting, pause the class for a gallery walk to
circulate, observe others’ designs and get ideas from other groups. Keep
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Forces Make Things Move, Grade 3: Non-Contact Forces Lesson 4

this gallery walk at a perky pace but decide how many launches each group
@ gets to show their design (3 should probably be the upper limit).
.\-_:/J d) Return to teams to iterate and improve designs. Tell students when they
Gallery Walk come together as a class each group will launch and measure in front of the

class so bring their best idea for the highest launch.

3. Optional: Collect and analyze data
This step is optional. Students could move to step
4 using data from their group. If you would like
students to have guided practice collecting and
comparing data, then include time for this step.

How high did the magnet launch?

Teaits | Sketch Dasigin Laimch 1 Launch 2 Laifuch 3

Collect & a) Collect final launch’ data as a class.
Analyze Data Have each group do final launch
trials of their design in front of the
class. Sketch their design. Record
the launch heights.

b) Analyze the data and discuss:
- What do you notice about our data?
What do the designs with the
highest launches have in common?
- Are there any launches we should
not count? Why or why not? e B e S

Turn-and-Talk

4. Model-to-Explain:

a) Prepare students model-to-explain what conditions make for the highest launch
A using their learning so far about magnetic poles, magnetic forces, and gravity
as a force. Remind students that scientists use arrows to represent forces and
Model to ) . . . )
Exolai their strength, direction, and type. Suggest students try using recent ideas
Xplain about magnetic poles, attraction, repulsion, and gravitational force to explain
their results.

b) Give time for students to sketch Back-Pocket Questions
models explaining the launch height Getting Started: @
using ideas they have learned about e Clarify Task: What will you
so far. explain in your model?
e Observations: Start by sketching what
¢) Have students share their models and you noticed first.

get ideas from others by sharing with

! Pressing & probing:
an elbow partner or doing a

e Modeling: You said . What’s one

stand-up-hand-up-pair-up to allow way you could show that with symbols,
students to move around the room to colors, or arrows on your model?
share with different partners and e Explain: What science concepts
compare how they chose to show (magnetic poles, gravitational force)
magnetic and gravitational forces. can help explain why some magnets

launched higher than others?

Teacher reflection: Analyzing Student Modeling
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Forces Make Things Move, Grade 3: Non-Contact Forces Lesson 4

From this lesson, there are two items to look at in students’ notebook entries:

1) Organizing Data: If students did not use printed data tables, then how
did students organize/record data from their investigations in part 2
and/or part 3? Students will have other opportunities in Lesson 8 to
collect data from their own tests. Note a few student examples of ways
to record/organize data that you want to show the class in Lesson 8 as
examples to give students some ideas of how to organize data.

Teacher Move:
Attend & Assess

2) Modeling forces and motion: Using arrows to show strength, direction,
and type of force is new for students. Look for how students use arrows
and what seems challenging about this for students. For example: How
are students showing motion if arrows are used to show forces?

Photos from Lesson 4

Part 1: Magnetic force vs gravitational force
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Student notebook example entry: “So when they add 2 more it still stayed on the white board and 2 more

it still stayed on it donut. Now we are going to add 1 more to each the horseshoe and 2 more. Now we are

going to make it til the horse or donut falls. None have fallen down the donut is almost fallen. 20 was the
most. And the winner was donut and gravity.”

Part 2: Biggest Gap Challenge

Developed by C. Colley, PhD ccolley@rentonschools.us with Grade 3 teachers and students at Sartori Elementary, Renton Public Schools
© 2019 under a Creative Commons Attribution NonCommercial-ShareAlike 4.0 International License. Available at www.AmbitiousScienceTeaching.org



https://docs.google.com/document/d/1dDStPc628tfkYesZlP9QBbGaI1NYazvN9z-41RimEOo/edit?usp=sharing
mailto:ccolley@rentonschools.us
http://www.ambitiousscienceteaching.org/

Forces Make Things Move, Grade 3: Non-Contact Forces Lesson 4

- f.-lf_;:_‘:a'bﬂ_.-ls__,
-(Color
1= Wh"%'“ up with the o Pe UNERales aaCnns

rihe =
feap OF The

M A J

Students noticed the gap on the right between 1 and 2 looked equal to the gap on the left between 3 and 4.
Students wondered how, if magnets 2, 3, and 4 weigh the same on both toys, why would they be able to
push differently to make a different sized gap between magnets 1 and 2 since gravity pulls down the same.
Students used terms like pressure, power, and gravity to explain their thinking. Some students explained
that pressure is like the magnetic invisible cushion (repelling) is pressing or applying pressure on other
magnets; whereas, others explained that pressure was like a tension between gravity and the magnets
repelling creates a pressure.

Students tried different configurations to make the gap between
magnet 1 and 2 bigger. With teacher prompting, they measured with
rulers or held up graph paper to count squares to support their
observations that one gap is bigger than another. Many students
quickly abandoned 1 magnet on the bottom, noticing they could get
the big gap with 2 magnets on the bottom. This ignored criteria of the
challenge; however, it provided a productive context for small group
discussion about forces and how that worked, which focused on the
science concept understanding (One student idea: the “power” of
magnets fighting against gravity and creates the “pressure” that
makes the gap).

Part 3: Highest Launch Challenge
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Here the teacher gave students a choice in how to collect and organize their data, asking “How will you
record what you figure out?” Midway through, she highlighted to the class some strategies she saw in the
room like making a t-chart, columns, or sketching a picture and jotting the height of the launch. During the
gallery walk examining each group’s launch and measuring height, this class realized that each group
measured the height of the launch from different places (from the floor, the base, or the top of the
compressed stack). They had a short, impromptu discussion about what’s “not fair” (kid language) about
measuring from the floor compared to measuring from the top of the compressed stack?

This group prepares to measure the  This group measures the height of This student decides to collect her
height of the launch from the top of  launch from the floor. They decide data using sketches and numbers
the compressed stack. to organize their data into a table.

Students write about why the top magnet launches off better with some magnet orientations and not others.
What patterns did they notice? Students coordinated thinking about the weight, gravity, the “power” of the
different orientations/configurations of magnets and how that affected the height of the launch.
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Part1

Balanceq -1y

Read the text.

What do you think the author

means about how magnetic

force or gravitational force
can win or lose?

Magnetic
_ Force Versvs Gravity...

In a match between gravity and the other forces,

gravity usually loses. You can see just how.weak
gravity is by using a magnet to pick upa pl|.e of
“w' paper clips. No question, magnetic force wins!

A

Lesson 4 Slides
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TRY THIS! MAGNETISIH VMERSUS GRAMTY

You need: donut  horseshoe o .
1donut maanet magne magnet  Gravitational force and magnetic

9 ° force are forces that cause change
1 horseshoe magnet without directly fouching objects.
40 sheets of paper

1 magnetic whiteboard
When does magnetic force win?

Try this! When does gravitational force win?

1. Put 10 sheets of paper against the board and
let go. What happens? Why? :

2. Now, use each magnet to hold 10 sheets of What does it mean to
paper each to the whiteboard. you to say a force

3. Add sheets of paper behind each magnet until wins or loses?
one or both magnets slide down the board.

Balanced forces Unbalanced forces
What about

Forces that are equal in strength this? Forces that cause a change

but opposite in direction are in the motion of an object

called balanced forces. Balanced are unbalanced forces.

forces do not cause a change in Unbalanced forces are not

equal and opposite.

&
%
The boy steps on the balll 3
and stands still. &
Are the forces on the ball
The forces on this soccer balanced or unbalanced? The girl kicks the soccer

ball are balanced. ball to the right.

motion. When balanced forces
act on an object at rest, the
object will not move.
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Scientists use arrows to communicate about forces.

> Length =strength of the force
> Pointer = direction of force
> Label = tells the interaction of forces on objects

The lengths of these force
arrows are equal which
means they are the same
strength. 1

But they are in opposite

Example 1 dlrec.ﬂons so the is
Thetablepushes ~ PUShing up the same amount as a
VA T 2\ Up onthe gravitational force is pulling down.
T —7 7 paperclip.
Gravitational Force | | Do you think the gravitational
The gravitational force of o e
the Earth on paperclip force or IS winning 7

pulls paperclip down
towards the Earths center  Dalanced forces

Scientists use arrows to communicate about forces.

> Length =strength of the force
> Pointer = direction of force
> Label = tells the interaction of forces on objects

Example 2

Magnetic Force
The magnetic force
pulls the paperclip
with enough force to

Gravitational Force cause it to move up.

The gravitational force of
the Earth on paperclip *
pulls paperclip down
towards the Earth’s center

unbalanced forces

The length of these force
arrows are NOT equal and in
opposite directions.
Magnetism pulls harder on
the paper clip than gravity.

l

Is magnetic force or
gravitational force winning in
this situation? How do you
know?
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Scientists use arrows to communicate about forces.

> Length =strength of the force
> Pointer = direction of force

> Label = tells the interaction of forces on objects

Example 3
Tiny piece of a
lodestone. Lodestone is
a rock that contains iron
and is magnetic.

Gravitational Force

The gravitational force of
the Earth on lodestone

pulls lodestone down
towards the Earth’s center

Magnetic Force
The magnetic force
pulls on the lodestone

harder than

gravitational force
pulls the lodestone.

U

vnbalanced forces

The length of these force arrows
are NOT equal which means the
tiny piece of lodestone is moving.

The forces are in opposite
directions. The Earth’s
gravitational force pulls the
lodestone towards the center of
the Earth. The magnetic force
pulls the tiny piece of loadstone
up, fowards the magnet.

Is magnetic force or gravitational
force winning in this situation?
How do you know?

Scientists use arrows to communicate about forces.

> Length =strength of the force
> Pointer = direction of force

> Label = tells the interaction of forces on objects

Example 4

Lodestone is a rock
containing iron which
makes it magnetic.

Gravitational Force

Earth’s gravitational force
pulls paperclip down
towards the Earth’s center

balanced forces

The table

1 "\ pushes back on

~17 thelodestone.

Why isn't the lodestone
moving?

Is or
gravitational force winning
in this situation? How do
you know?

Do you like the author’s
idea the forces can win
and lose? Does it help you
think?
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The length of these force The length of these force
arrows are equal which means arrows are equal which means
they are the same strength they are the same strength

just in opposite directions. just in opposite directions.

; . 5\ Stronger Magnet
NS \ Magnetic force 1| Thestronger magnetic
_ 1/t Themagneticforce \ ¢ force attracts the
Example 4 (¢ 0 attracts the lodestone I lodestone but still does
Lodestone is a rock 00 but not enough to lift it. s not lift it.
containing iron which
makes it magnetic. T Table
? ? Table A The table

— The table / [\ pushesbackon
T ~1 thelodestone

> pushes back T L T thelode: 3

L i . . [ holding it.

on the Gravitational .kJ U | holdingi

u ’ lodestone, {
| holding . Force “balanced forces

Gravitational Force/”

Earth's gravitational force | |- Y
pulls paperclip down | l_]

towards the Earth’s center

Ubalanced force‘*‘si

Note: This video has

some extra words we Force —> Vector Quantity
don’t need to know. ( Magnitude + Direction )
Don’t get bogged down

in details. Get the gist!

What's the gist of Normai force
what the video? (€«—
(External Force Air resistance
Vi:ﬂlo:eﬂ%isggsu : Gravitational force
drawing forces?

l \
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https://docs.google.com/file/d/1Rh7CCNxr9tuV_GOq3Nke3OqXS5smKCtO/preview

Scientists use arrows to communicate about forces.

> Length =strength of the force
> Pointer = direction of force
> Label = tells the interaction of forces on objects

1. How could you use arrows to show forces )
when the forces were balanced?

2. How could you use arrows to show when
the forces were unbalanced?

Helpful Words:

L
gravitational force
O Open toanew page. magnetic force
[  Write title and date. balanced forces

unbalanced force

[ Sketch what we did today. Try force arrows!
O Write your explanation about today’s question.
QO Connect back to the magnetic ring toy.

Modelin using arrows:
Length = strenqth

pointer = d'\rec_:t\pn
| Label = description

Magnetism vs Gravity 01-21-20
Who wins? When? How do you know?

9 °
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> Connection: How can this help us explain our phenomenon?

SUMARY TABLE:
OBSERIE, EXPLAN, & COMMECT

> Activity: What did we do? What did we test?
> Data patterns: What happened? What did we figure out?
> Explanation: What did we learn from book/video to help us explain our results?

Our Question

Observations & Data
Patterns

Explaining our
observations and data

Making Connections

Magnetic force ve
Gravitational force:

Holding papers up

What did you observe
or notice?

What did we learn
that helps explain our
observations?

How does this activity
help us explain how
the magnetic toy
works?

%

Part 2
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Helpful Words:
attract
repel
gravitational force
magnetic force

balanced forces
unbalanced forces

4

Silently make observations and ask
® ® ) questions about this image. What do
3 you notice? What do you wonder?
Yo

Q%O Turn and share with a partner.

Listen and discuss your
noticings and wonderings.

Why do you think this gap between
magnets 1and 2 is bigger on the
right than the left?

You need:
1 pencil @
4 donut magnets o Safety Note:

° These magnets can
° pinch so be careful with

your fingers.

Your task:
Stay vertical. Keep a gap between magnets 1 (bottom) and 2 (next to bottom).
How big can you make the gap between magnets 1and 2?

Notice: What happens with the magnets? What do you notice about the gaps?
Think: What did you figure out about how to make a bigger gap? Why might that happen?
Wonder: What are you wondering now?
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CLASS DISCUSSION & PEMO.TEST

Do you think the gap between
magnets 1and 2 would get bigger if..

Helpful Words:
attract

repel

gravitational force
magnetic force
balanced forces
unbalanced forces

4

..you add a Sth magnet?
Left side = Sth magnet repels to make a gap
Right side = 5th magnet is attracted, no gap

..you had 3 magnets not 4?

.. you ?

What else do you wonder?

LET'S TRY [T/

NOW IWHAT DO YOU THIpKZ

@ @ \ Whot forces are acting on the magnets?
Are the forces balanced or unbalanced?

,;i. What do you think? How do you know?

Helpful Words:
attract

repel

gravitational force
magnetic force
balanced forces
unbalanced forces

7

e

l ! Turn and share with a partner.

Why do you think the gap between
magnets 1and 2 is bigger on the
right than on the left?
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Scientists use arrows to communicate about forces.

> Length =strength of the force
> Pointer = direction of force
> Label = tells the interaction of forces on objects

If you're trying to use arrows to show forces but feel stuck in
how to show your thinking, what could you do?

Add a caption to say more.
Use color to help show something else about the forces.

Helpful Words:
magnhet poles

repel push
gravitational force
magnetic force

[ Open to anew page.
O Glue your reading.
O Write title and date.

Modeling using arrows:

Length = strength
Pointer = d‘\rect\pn
Labe! = description

Sketch a model to show your ideas.
Write your explanation about today’s question.

What can we change the size 01-22-20
of gaps between magnets?
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Is this inage real or fake?
Why do you think the pencil can hover like that?
What could happen to cause the pencil to fall?
What do you think would happen if we removed the vertical cardboard?

%

Part 3
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Team challenge:
To cause a magnet to launch off

; Your job:
:‘e fop of ﬂ?e magnetic toy as Work with your group to
igh as possible. How can you ake a plan. test it and
make the magnet go even higher? m pian, ’

revise to improve.

Materials:
it... e 10 magnetic rings
wa willwe know how e 1polewith base (or your pencil)
HOV:‘ the mggne’f goes: e Truler? Meter stick?
hig

If using ceramic donut magnets, work from the
carpeted floor. Instead of a hard desk or tile surface.

W, .
Repeat these steps at each group. Keep it snappy! hat if we Need g « ”

we Qnces
1. Show us your best launch so far. ¢t at eqch 9roup"L7)OUld

Wait._

2. Tell us what your group thinks is most
important to make the magnet go up.

After getting some ideas from around the room, return to your group to
continue working on your best design to launch the magnet.
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Team challenge:

To cause a magnet to launch off
the top of the magnetic toy as
high as possible. How can you
make the magnet go even higher?

Revise and improve your plan.
e

did 9]
W h'\gh i your mogne’f ﬂy !
Ho

Your job:

Work with your group to
make a plan, test it, and
revise to improve.

Materials:
e 10 magnetic rings
e 1polewith base (or your pencil)
e 1ruler? Meter stick?

If using ceramic donut magnets, work from the
carpeted floor. Instead of a hard desk or tile surface.

CLASS DATA

COLLECT DATA

Have each group do official launches in front of
the class. Each group does 3 launches. Write
down the estimated height of each launch.

ANALYZE DATA
e What do you notice about the data?

e What do the designs with the highest
launches have in common?

e Are there any launches we should not
count? Why or why not?

How high did the magnet fly?

Team | Sketch Design Launch 1 Launch 2 Launch 3
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Helpful Words:
magnet poles

repel push
gravitational force
magnetic force

d Open toanew page.
0 Glue your reading.
QO Write title and date.

O Sketch your design to launch the magnet.
O  Write about today’s question. Use data!

How high did we get 01-24-20
the top magnet to fly?
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Data Collection: Gap Size

Arrange magnets so there is no gap between the bottom and magnet 1, and there is always a gap
between magnets 1 and 2. How can we change the size of the gap between magnets 1 and 2?

Upper magnets

Upper magnets

Observation Notes

all repel all attract
4 magnets 4 magnets

Z
1

JrH=—

Gap height 110 2

2
1

Gap height 110 2

maghets

n_

Gap height 1 to 2

maghets

Gap height 1 to 2

Trim paper horizontally
and vertically to fit in
notebook without folding
or sticking out.

magnhets

n_

Gap height 110 2

maghets

Gap height 110 2

Lesson 4: Data Collection




Forces Make Things Move, Grade 3: Non-Contact Forces

Lesson 5

Lesson 5 What materials do magnets attract?

In this lesson, students test and identify materials that magnets attract or not.
This can help students explain the choices of materials in the magnet toy.

e Students conduct a simple test to draw conclusions about what
materials are magnetic and which are not.

Purpose
For more about supporting on-going changes in student thinking, see http://AmbitiousScienceTeaching.org
™ Focus question NGSS 3-D
- _--;_- What kinds of materials do magnets SEP: Develop and use models Develop a model to
- 2 describe phenomena SEP: Planning and carrying
attract: out investigations Make observations and/or
measurements to produce data to serve as the basis
Learning Learning Target for evidence for an explanation
Target | can test materials to identify objects
that are magnetic and use this
information to make predictions about
i CCC: Cause and Effect Cause
SOIVIng a prOblem' and effect relationships are routinely identified. CCC:
Patterns Patterns can be used to make predictions
& For the class: Per group:
P e - Lesson Slide Guide (GoogleSlides) - 1 bag/box of assorted materials
b % - Chart paper and markers, sticky notes - 1 magnet
i

Materials Per student: For the sculpture activity, per
- Science notebooks group/student:
- Optional: data table (handout - part 1) - index card
- assorted screws, nuts, washers
- 4 magnets of any shape
1 = Part 1: Collecting Data. Supporting Claims
2 1. Orient students to an idea: Show a real world problem of sorting recycling.
3 Could magnets help to solve this problem? What do you think?

2. Engage students in activity for sensemaking: Collect data from a simple test.
Lesson Step What patterns do you see in the data?
Summary 3. Just-in-time instruction: Learning more about magnetic materials. Using

evidence to support claims.

4. Notebook writing: Respond to today’s question using evidence in writing.

5. Discuss: Return to the real-world problem of separating recycling. Would
magnets be a good solution? Why or why not? Use evidence from today’s
investigation, the readings, or videos we have watched.

Part 2: Art Extension - Magnetic Sculptures
1. Summarize Learning: Recap observations, learning, connections from Part 1.
2. Introduce today’s task: Build a small sculpture using a mix of up to 4 donut
magnets and assorted magnetic objects. Set expectations for materials.
3. Creation time: As students create, notice what challenges students encounter
related to balanced and unbalanced forces. Use back-pocket questions.
4. Gallery walk: Have the class take a silent gallery walk to admire each
creation/sculpture and read the name cards. Take a photo of each.
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Forces Make Things Move, Grade 3: Non-Contact Forces Lesson 5

Part 1: Collecting Data, Supporting Claims

*@ 1. Launch: Orient to an idea

"t
[ R

a) Students may have already noticed that magnets attract some objects and
not others. Magnets attract and repel each other, but what about other
objects that aren’t magnets? Introduce the question: What materials do
magnets afttract?

o

‘ b) Introduce a real-world problem as a context for today’s investigation. We
need to separate materials in mixed recycling at the city recycling plant (see

Photo photo in slides). Would magnets be a helpful tool in sorting the materials
from mixed recycling? Give time to think. Turn-and-talk. Tell students that
they will revisit the question at the end of today so keep thinking as they
investigate today's question.

Purpose

Turn-and-Talk c¢) Have students set up their notebooks for today’s investigation. Come up with
a list of objects to test or use the objects and the data sheet provided.

& 2. Engage students in an activity for sensemaking

a) Have students work in groups to test each object to see which objects attract
Record data to a magnet and record observations in their data table. Circulate as
students collect data. Look for:

i) Discrepancies in test results that should be resolved: Did two groups
get different results for testing the same object? Have groups compare
results and do some retesting together to resolve.

i) Patterns: Prompt students to look for patterns in their data. What
patterns do you see? What can you claim about certain materials?

Back Pocket iii) Using data to make predictions: Can we use this data to make
Questions predictions about other materials?
iv) Reflect on the data: Did any results surprise you? How come?

b) Discuss the data as a class. Have students make claims based on their
‘. investigation. A claim is a statement about an event or phenomenon that we
22 ) think is true based on our evidence or experience.

..»9 LANGUAGE NOTES:
e Vocabulary: If students are using the word repel, clarify language. Does the
Share & . . D .
Di magnet repel the eraser, meaning actively pushing it away? No, it has no effect.
Iscuss e Precision: Remind students that scientists use precise, specific language. Start
with a claim but revise it: How could | make this claim more accurate or specific?

Possible Student Claim — Follow-up — Revised Claim
Magnets only attract things How could Magnets attract objects that contain
that are made of metal. we revise special metals like iron. Many metals
and/or Metal things stick to this claimto  are magnetic, but not all.
magnets. make it more

accurate?
Magnets do not attract Magnets do not attract non-metals,
plastic, wood, glass, or cloth. like glass, plastic, or cloth. Some
and/or Plastic, wood, glass, metals are not magnetic if they don’t
and cloth are not magnetic. have special metals like iron in them.
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Forces Make Things Move, Grade 3: Non-Contact Forces

\
La

Mini-lesson

— N

Writing

v o, _N=
(&

Share &
Discuss

3. Just-in-Time Instruction: Obtain information from media

Set a purpose for watching/reading these different sources by referring to
one or two claims students just shared. Build from one of the claims and
watch/listen to see if these other sources support these claims. Have
students jot notes from watching the video and listening to excerpts from the
book(s) about magnets and what materials are magnetic.

What does the text/video teach or tell us about magnetism?

Does information from these sources support our claims or not?

4. Notebook Writing

Students answer today’s question, “What kinds of things do magnets attract?”
and can add, “Why do we need to know this?” Students write and sketch about
what they did, what they figured out, what they learned (from video/text) and
how it could be helpful to know what materials are magnetic or not.

5. Class Discussion

Spend a few minutes revisiting the initial real-world problem of separating mixed
materials in a recycling plant.
> What do you think now? Could magnets solve the problem of
separating mixed materials at recycling plant? State your claim
(Yes/No... because...).
> How does what we did, read, or watched today support your claim?
> How could you revise or elaborate on your original thinking?

Photo from Part 1
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Forces Make Things Move, Grade 3: Non-Contact Forces Lesson 5

Part 2: Summarize Learning & Magnetic Sculptures

®_0 1. Summarize Learning from Part 1.

-&. e Activity: What did we do? What did we test?

Data patterns: What happened? What did we figure out?

Explanation: What did we learn to help us explain or show our thinking?
Connection: How can this help us explain our phenomenon?

Summarizing
Learning

Activity Observations & Data | Explaining our observations and data Making Connections
Patterns

What kinds | Many metals Materials that contain iron, steel, | The magnetic ring toy must have
of things | attracted to a or other certain kinds of metals magnets inside the colored
attract to a | magnet, but not all. | are magnetic but plastic, wood, plastic on the rings to make the
magnet? and glass are not magneatic. toy safer and not pinch as much.
Mone of the plastic, Magnets can work through things
glass, or wood Iron can be a magnet and is also | soit's like the inside magnet
attracted to the magnetic. works through the plastic to
magnet. attract and repel.

2. Introduce today’s challenge and expectations.

N a) Tell students that today they are challenged to us what they know about
" balanced forces and magnetism to build a free-standing character
sculpture using a mixture of magnets and magnetic objects. They can
Purpose use 4 magnets of any shape and an assortment of objects.

b) Show students the materials available. Ask them to think of some ways
we could fairly share or access materials if this is what we have (point to
materials table). NOTE: Once students tinker with a few magnets and
nuts, bolts, and washers, they will likely want to try different pieces.
Students need to easily swap materials to iterate on their design to solve
problems that arise.

c) Also have students quickly share expectations for: working with
magnets, talk/volume levels while working, being kind, moving around
the classroom to get./swap materials, or cleanup materials.

3. Creation time!

a) As students create their Back-Pocket Questions
magnetic character sculptures,
notice what challenges students Observations:

Experiment encounter related to balanced - What have you noticed so far as

and unbalanced forces. you’ve been building your sculpture?

- What is easy? What is hard?

b) Give students a 5 minute
warning to finalize their
sculptures and give their
character a descriptive name on
an index card.

Pressing/Probing:

- What do you think caused that?

- What have we learned that could...
... improve your design?
... solve that problem?
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Forces Make Things Move, Grade 3: Non-Contact Forces Lesson 5
4. Gallery Walk

.\‘@ a) Have students set up their sculpture with name-tag and push in their chairs.
Students silently, looking only with their eyes, do a gallery walk around the

Gallery Walk classroom observing each sculpture.

b) Optional: Depending on connections with your current reading/writing units,
have a short discussion of character traits. If you said your character is
__(adjective) _, how does their body position or face communicate that?

c) Take photos of each sculpture. Options: Post online or print grayscale to
cut/glue in their science notebooks.

Photos from Part 2
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Part1

REAL WORLD PROBLEM

The recycling center needs to separate metals from plastic and paper.
Should they use a magnet? What do you think would happen? S

o

Food and soup Cereal boxes,

cans are often magazines, and
made of steel. egg cartons are
2 e made of paper.
[ }{. '»«;<.=
tE 30 7'
] e AQ
e U & . »
Sports drinks and Soda cans
water come in are
plastic bottles. aluminum
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4
L
N @ TEB @@K Testing Materials: Our Data What do magnets attract? o1-28-20

Which objects attract to a magnet?

s/

‘ e Video Notes Book Notes
W UP ~A  nickel nail

& brass paper laslener

plastic Lego brick

copper penny

‘ @& metal paper clip

% cardboard puzzle piece My fhlnklng

O3 plastic straw

[_[] wooden biock

(T2 rubber eraser

glass marble

5,
4R aluminum foa

> metal hair chps

. [ESTING OBJECTS

&~ brass paper laslener

plastic Lego brick

,\ WHAT KINDS OF THINGS DO MAGNETS ATTIRACT?

= Try to pick up each object with a magnet.
Was it pulled or attracted (YES) or not (NO)?
Make a note for each object.

& metal paper clip
% cardboard puzzle piece
3 plastic siraw

{7 wooden biock ~

(T3 rubber eraser

LOOK AT YOUR DATA

What do you notice?
Did any results surprise you? x\
What questions do you have? \l}‘”e

glass marble
,
AR aluminum foil

= metal hair chps
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MAKINCGICIAINS

CLAIM

What do we know?
As truthful or accurate a statement as possible

~ EVIDENCE

How do we know?
Based on the data or information that we have

e
\‘I /
X

WIATEKINDS
OF THIGS
ATTRACTZ

Pause video at 0:35, 1:21, 2:13, 4:16 to give time for notes. )

Need another
pause point?
Let us know!
Lesson 5 Slides
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MOKRINORMATIONS

Refer to the pages below for the book(s) you have available.

See pages 3-9 Also, see pages 3-9 | ——

Does the information help us answer today’s question:

[T KPS O THINES DO HIAGKETS AINRACTZ

THINK & DISCUSS

(AT KIRDS OF THIVES
DO [RGHETS ATIRACT?

EVIDENCE: HOW DO YOU KNOW?
- Weobserved that.
- Ovurdata showed
- Thevideo told us..
- Thebook said....
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Helpful Words:
magnet  poles
attract pull
NOTEEQ QT S

magnetic

1. Sketch what you did with magnets today. 7

2. Explain what you figured out. Use evidence.

- -

Testing Materials: Our Data What do magnets attract? o1-22-20

mﬁ' Kl Ny S] R Video Notes
L AR E——
ATIRACT? =

m(.dbo.vﬂ'.u’;!ihe‘ My fhiﬂkingi

O plastic sraw

» plastic 1690 brck

"7 wooden tiock

5 rubber eraser

REAL WORLD PROBLEM: NOW, WHAT DO You THINK?

The recycling center needs to separate metals from
plastic and paper. Would a magnet be a useful tool?

Why or why not? What do you think would happen? T
- |

Food and soup

SUNS

Cereal boxes,

cans are often magazines, and
made of steel. egg cartons are
made of paper.
t. ,,'.&' a —
Bk ]
- ™
Sp;'rsedrink;s and Soda cans
water comein Glje
plastic bottles. aluminum
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Part 2

SULHRHIRY THEIE
OBSIERIE, BN, & CORMECT

> Activity: What did we do? What did we test?

> Data patterns: What happened? What did we figure out?

> Explanation: What did we learn from book/video to help us explain our results?
> Connection: How can this help us explain our phenomenon?

Our Question Observations & Data Explaining our
Patterns observations and data Making Connections

What kinds of What did you observe What did we learn How does this activity

or notice? that helps explain our help us explain how
things do magnets observations? the magnetic toy
attract? works?
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TEMPORI'RV MIIGNH’C CHIIRIIHERS ?ource BabbleDabbleDo

Materials for each student to borrow: g
- 1metaljar lid or large washer

oo

- Up 104 magnets (any shape:bar, donut, rectangular, etc)
- Assorted magnetic eSS (bolts, nuts, washers, paperclips, etc)
- Tindex card + marker (oraname tag)

Bhicky. [’#mé
.1‘69

Directions:
1. Build a free-standing character sculpture. Is it a person? animal? something else?

2. Show personality traits through sculpture. What does an inquisitive pose look like? Scared?
Happy? Curious? Move parts to express something about your character.

Give your sculpture a name that tells about its character (example: Dinky the curious robot)

4. Thisis a temporary sculpture. Take a photo of your sculpture with its name card. When you are
finished admiring your sculpture, take it apart and return the materials.

EXTENSTIONE oRD WISE

WHAT DO YOU NOTICE
ABOUT THESE WORDS? Paperclips, nails, and soup cans are magnetic
mggnef because they contain iron or steel. A piece of
mogne’ric magnetic material can be magnetized by rubbing
. it with one pole of a magnet in one direction.
magnetize . . .
Another way to magnetize a magnetic material is
demognehze to run electricity through it. If a magnet falls or is
remogne’rize heated, it may weaken or demagnetize. \}3

magnetization 3\

Lesson 5 Slides
Developed by C. Colley, PhD ccolley@rentonschools.us, with Grade 3 teachers and students at Sartori Elementary, Renton Public Schools
© 2019 under a Creative Commons Attribution NonCommercial-ShareAlike 4.0 International License. Available at www.AmbitiousScienceTeaching.org
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N/ 4

BXYIIENSIONPAUS]

CHALLENGE!

Work with a
MAGNET SONG - partner or group
Sung to the tune, “Did you ever see a Lassie’ to write a new

verse.

Chorus
Did you ever see a magnet, a magnet, a magnet?
Did you ever see a magnet pull this way and that?

\

Verse 1 Verse 2 Verse 3
On iron and steel, A magnet has action. Their poles are north and south.
its pullis unreal! It's called an attraction!  Don't put them in your mouth!
Did you ever see a Did you ever see a Did you ever see a
magnet pull this magnet pull this magnet pull this
way and that? way and that? way and that?

Chorus Chorus Chorus

PXIENSI@ON JRHYMA
MI'G”HS | am a mighty magnet.

A poem by an
Unknown Author | can be very strong.

When you use safely,
nothing can go wrong.

| pick up many objects.

But not everything, you see.
| can only pick up objects
that are attracted to me.

So pick me up and try me out
and you will get to see,

What different kinds of things
are pushed and pulled by me.
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Which objects attract to a magnet?

A nickel nail

Yes or No

c"’"’h brass paper fastener

<57
o plastic Lego brick

Necss copper penny

& metal paper clip

% cardboard puzzle piece

3 plastic straw

@ wooden block

rubber eraser

glass marble

-

e’ |

“4%  aluminum foil

.

(=== metal hair clips

Which objects attract to a magnet?

A nickel nail

Yes or No

{‘_/_,Ea brass paper fastener

/-‘-J““T
K- plastic Lego brick

& copper penny

= metal paper clip

% cardboard puzzle piece

3 plastic straw

@ wooden block

rubber eraser

glass marble

ek

g

“4%  aluminum foil

-~

=== metal hair clips

Which objects attract to a magnet?

A nickel nail

Yes or No

c"’"’h brass paper fastener

<57
o plastic Lego brick

Necss copper penny

& metal paper clip

% cardboard puzzle piece

3 plastic straw

@ wooden block

rubber eraser

glass marble

-

e’ |

“4%  aluminum foil

.

(=== metal hair clips




Forces Make Things Move, Grade 3: Non-Contact Forces

Lesson 6

Lesson 6 Making Magnetic Fields Visible

In this lesson, students learn more about that ‘invisible cushion’ or ‘bubble
we can feel that they have observed between magnets.
e Students obtain information from media and use simple tools to

make invisible properties of magnets visible.
For more about supporting on-going changes in student thinking, see http://AmbitiousScienceTeaching.org

Purpose

.
.
-
—

.
.\"\.

Learning
Target

Materials

1
2
3

Lesson Step
Summary

Focus question

What’s going on with that invisible

cushion we felt between magnets?
or

How can magnets work without

touching?

Learning Target

| can use information from text and video
and use simple tests to explain how
magnets can move some things without
touching them.

For the class:
- Lesson Slide Guide (GoogleSlides)
- Chart paper and markers, sticky notes

Per student:
- Science notebooks
- Half-sheet student reading (link)

NGSS 3-D

SEP:Asking Questions and Defining Problems Ask
questions that can be investigated based on patterns
such as cause and effect relationships.

CCC: Cause and Effect Cause and effect
relationships are routinely identified.

CCC: Patterns Patterns can be used to make
predictions

Per table group:

- 4 plastic boxes wf/iron filings (link)
and/or sealed/taped clear bags
containing 1 TBSP of iron filings™ (link)
1 etch-a-sketch (optional)

4 small compasses (link)

1 pair of horseshoe magnets

1 par of donut or circle magnets

1 pair of bar or rectangle magnets

Never sprinkle iron filings directly on magnets. Make
sure bags are taped shut and well sealed for safety.

1. Orient students to an idea: Return to an observation or question students had
about feeling an invisible cushion or bubble between magnets and/or the
distance at which magnets work to move magnetic objects. Introduce today’s
question or purpose related to that observation or question.

2. Just-in-time instruction: Give information about magnetic fields to students
using a reading: What are they? Where are they? What do they do?

3. Engage students in activity for sensemaking: Can we find magnetic fields of
different magnets? Make observations using the materials available to make
these invisible magnetic fields visible. What do you notice? How can we make
observations about this force field that we can’t see?

4. Notebook writing: Respond to today’s question and have students elaborate,
adding what matters to them and their science thinking.

5. Summarize Learning: Recap observations, summarize learning, and make
connections back to magnetic ring toy. Create a summary chart public record.

Developed by C. Colley, PhD ccolley@rentonschools.us with Grade 3 teachers and students at Sartori Elementary, Renton Public Schools
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Forces Make Things Move, Grade 3: Non-Contact Forces Lesson 6

*

- 1. Launch: Orient to an idea
o @ a) Return to an observation or question students had about feeling the invisible
Purpose cushion or bubble between magnets and/or the distance at which magnets work

to move magnetic objects. Introduce today’s question or purpose related to that
observation or question:
What’s going on with that invisible cushion we felt between magnets? or
How can magnets work without touching objects?

Turn-and-Talk b) Have students think about today’s question. Turn and discuss with a partner to
help focus students on the idea that magnets have invisible forces that act at a
distance (without touching magnetic objects).

2. Just-in-Time Instruction: Obtain information from text

a) Set a purpose for reading this short text about magnetic fields.
Something like: This short text gives us something to think about as we
Read for make observations with magnets in just a few minutes.”
information

b) Have students read the text. There are 3 copies to a page so they
should fit nicely in notebooks so students can refer to this text as a
source of information. These questions can focus students as they read:

What does the text teach or tell us about magnetism?
Does information help address or answer today’s question?

c) Have students define the term magnetic field based on information from
Science Word the text. You could do a turn-and-talk or have students jot a note on a
sticky note or in their notebooks about this new science term. The
purpose here is to spend a moment processing this new term.

3. Finding the magnetic field

a) Show students the materials they have available today: iron filings in a case
Make (or bag), different shapes of magnets, paperclips, rulers, graph paper. Let
Observations students explore these tools and make observations of how each magnet
interacts with the paperclips and iron filings. (NOTE: Never pour iron filings
directly on magnets. They will be nearly impossible to remove. Place iron
filings inside a securely sealed plastic bag before moving the magnet near
the outside of the bag.)

b) Circulate as students explore and - Does the magnet have to touch the
observe how the iron filings and iron filings to make them move?
paper clips behave near each

magnet. As table groups share > Does the magnet shape or

Back Pocket materials, and make observations, Z:‘;gi??fg an';gltfoﬁ ngh;]gitr’; %?ngg';e?t
Questions students talk with each other about '
what they notice. - What connections can you make
between the reading and your
observations?
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Forces Make Things Move, Grade 3: Non-Contact Forces Lesson 6

f
g ljl c) Discuss briefly as a class. Were students able to see the magnetic fields

\ ad using the iron filings or the paper clips? What do students know now about
...;@ magnetic fields? Have students make claims based on their investigation.
f;;:::sil A claim is a statement about an event or phenomenon that we think is true

based on our evidence or experience.

4. Notebook Writing

Students answer today’s question using what they read and observed about
— magnetic fields: “How can magnets move magnetic objects without touching
them?” Students write and sketch about what they did, what they figured out,

Writing
what they learned (from text) and how it could be helpful to know about
magnetic fields. They can also jot any questions/wonderings.
... 5. Summarize Learning
-.
Summarizing Create a summary pub!lc record of today. s learning for future reference:
Learning e Activity: What did we do? What did we test?
e Data patterns: What happened? What did we figure out?
e Explanation: What did we learn to help us explain our new ideas?
e Connection: How can this help us explain our phenomenon?
Activity Observations & Data | Explaining our observations and data Making Connectiens
Patterns
How can The poles of the The invisible cushion we feel Each donut magnet in the ring
magnets | magnet moved iron | between magnets is helping us toy has a magnetic field. If
move filings more than the | "see” the magnetic fields. another magnet gets close to the
objects middle or side of the first magnet it will either attract or
without magnet. All magnets have a magnetic repel depending on which poles
[‘t";":h ’19 field that goes between the north | are facing AND if the magnets
2my

and south poles. are close enough to be in each
others’ magnetic fields.

Magnetic field = zone where

magnet works
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Forces Make Things Move, Grade 3: Non-Contact Forces

Photos from Lesson 6

E_:)mumhﬁr could T change
YU see the poles?
i %ﬁsﬁm e
oS e er G
"timkes me Yhink of b+ balloe UF
mn gJ(mLic, eedmc&y

‘N\arra Suggested we £ {\p Magret-
ObServed /’vanahg up”

O'lgdm Same as otherg)
‘See Ma ;jne%c field on the
Sides wiFine lines of Puuckr

This student noticed that he could hold the rectangle
magnet an inch above the plastic case and still attract
some iron filings, just not as many as if he puts the
magnet touching the plastic case

This teacher paused the class mid-observation to capture
what they observed/wondered and gathered suggestions
from students of what to explore next. When students
resumed exploration, several students tested Niarra’s idea

of flipping magnets over to see if the iron powder moves the
same way as the first side of the magnet.

* Key idea: Importance of magnetic force acting
over a distance without touching. The farther away,
the weaker the magnetic force.

These two students noticed they could use a magnet under her desktop to move the iron filings and still see a pattern.

"he magnet worked through the table. Students changed magnets and noticed that the shape and “perkiness” (how tall

he iron ‘stood up’) of the iron filings changed (showing that different magnets have different magnetic field shapes and
strengths) but that all magnets, except for the weakest bar magnets we had, would work through the desktop.

* Key idea: Magnetic force cannot be blocked or stopped. Magnetism can work through all kinds of
materials.
* Key idea: Different magnet shapes have different shapes of magnetic fields. All magnets have a magnetic

field, or invisible zone near and around the magnet within which the magnet can attract magnetic objects.
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BIHAT IS A MAGRETIC RIELD?

The magnetic field is the area around the magnet that
causes magnetic objects or other magnets to move. You
can feel the magnetic field by moving two magnets
towards each other until you feel the invisible cushion
between them. Also, if a paperclip or other magnetic
object enters the magnetic field of a magnet, it will

Magnets come in all kinds of shapes and sizes. Bigger
magnets are usually stronger, but not always! The
magnet’s shape determines the location of the magnetic
field around the magnet as well as the strength of the
magnet’s pull on nearby magnetic objects.

A horseshoe magnet is a different shape
than o bar magnet. However, both
magnets have a north and south pole and
can attract and repel other magnets.

Sources: Jefferson Lab and KJ Magnetics
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https://education.jlab.org/reading/magnets.html
https://www.kjmagnetics.com/blog.asp?p=magnet-grade

Work with a partner or group and use the
tools to figure out these questions:

How can we find a magnetic field

for a magnet if we can't see it? Graph Paper

Are magnetic fields the same size
and shape for every magnet?

Popercllps

' N A // Y
{" f&\\‘\?.\h ° ﬁ \ lg

Helpful Words:

[ Open to anew page.
Q  Write title and date.

O Gluein the reading.
d  Sketch what you did today. magnetic field

d  Write your response about today’s question.

4

4 Connect How does this help us explain the ring toy?

02-06-20
How can magnets move magnetic
objects without touching them?

—
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magnetic field

the invisible area around the
magnet that causes magnetic
objects or other magnets to
move without touching them

SHARE & LISTEN

hare and listen to the ideas and questions
from one other pair or group.

Then, come together as a whole class to
summarize what we did and figured out.

SUNMARY THBLE:
OBSERIE, EXPLAN, & CORMECT

> Activity: What did we do? What did we test?

> Data patterns: What happened? What did we figure out?

> Explanation: What did we learn from book/video to help us explain our results?
> Connection: How can this help us explain our phenomenon?

Our Question Observations & Data Explaining our
Patterns observations and data Making Connections

How can maguets What did you observe What did we learn How does this activity

) or notice? that helps explain our help us explain how
move objectc without observations? the magnetic toy
touching them? works?
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What about force?

1. “She forced me to doit,” accused the brother, pointing at his sister,
standing over the broken vase.

The hurricane was a force of nature!

“Lifting that dumbbell was an act of brute force,” commented the
announcer during the weightlifting competition.

4. The Air Force, Army, Coast Guard, Marine Corps, Navy, Reserves and
National Guard are branches of the armed forces in the United States.

S. The attractive force can move magnetic objects towards the magnet.

Lesson 6 Slides
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The magnetic field is the area around the magnet that
causes magnetic objects or other magnets to move. You
can feel the magnetic field by moving two magnets
towards each other until you feel the invisible cushion
between them. Also, if a paperclip or other magnetic
object enters the magnetic field of a magnet, it will
zZzZzZiiiiip! move right to the magnet.

Magnets come in all kinds of shapes and sizes. Bigger
magnets are usually stronger, but not always! The
magnet's shape determine the location of the magnetic
field around the magnet as well as the strength of the
magnet’s pull on nearby magnetic objects.

|

[
[
B = )

A horseshoe magnet is a different shape
than o bar magnet. However, both
magnets have a north and south pole
and can attract and repel other magnets.

The magnetic field is the area around the magnet that
causes magnetic objects or other magnets to move. You
can feel the magnetic field by moving two magnets
towards each other until you feel the invisible cushion
between them. Also, if a paperclip or other magnetic
object enters the magnetic field of a magnet, it will
zzzziiiijp! move right to the magnet.

Magnets come in all kinds of shapes and sizes. Bigger
magnets are usually stronger, but not always! The
magnet's shape determine the location of the magnetic
field around the magnet as well as the strength of the
magnet's pull on nearby magnetic objects.

A horseshoe magnet is a different shape
than a bar magnet. However, both
magnets have a north and south pole
and can attract and repel other magnets.

The magnetic field is the area around the magnet that
causes magnetic objects or other magnets to move. You
can feel the magnetic field by moving two magnets
towards each other until you feel the invisible cushion
between them. Also, if a paperclip or other magnetic
object enters the magnetic field of a magnet, it will
zzzziiiijp! move right to the magnet.

Magnets come in all kinds of shapes and sizes. Bigger
magnets are usually stronger, but not always! The
magnet's shape determine the location of the magnetic
field around the magnet as well as the strength of the
magnet's pull on nearby magnetic objects.

A horseshoe magnet is a different shape
than a bar magnet. However, both
magnets have a north and south pole
and can attract and repel other magnets.



Forces Make Things Move, Grade 3: Non-Contact Forces Lesson 7

Lesson 7 Updating & Revising Explanations

In this lesson, students synthesize what they have experienced and
learned so far to update and revise their initial explanations.

e Students apply new learning to revise (add, change, remove) their
Purpose initial explanations and models using evidence.

For more about pressing for evidence-based explanations, see http://AmbitiousScience Teaching.org

5. Focus question NGSS 3-D
Py How does this magnetic ring toy work? ) ) o
e —— # SEP: Constructing Explanations and Designing
Solutions Use evidence (e.g., observations, patterns)
Learning Target to support an explanation.
Learning | can use evidence from our
Target investigations to explain how the

magnetic ring toy works.

For the class:
- Lesson Slide Guide (GoogleSlides)

Y .
I @f%fyyf - Summary charts from prior lessons

- Magnetic ring toy (for reference)

Materials Per student:
- Science notebook CCC: Cause and Effect Cause and effect
- Blank paper or blank scaffold (options) relationships are routinely identified. CCC: Patterns

- Initial model from Lesson 1 Patterns can be used to make predictions

- Sticky notes

Part 1: Updating Models

1 —— 1. Launch: Orient students to recent learning. Look over summary charts and

2 notebooks. What have we done so far to learn about forces? Turn-and-talk.
3 Generate a “gotta have” checklist of ideas everyone needs to address.
2. Explore: Update Models, Draft Explanations: Tell students expectations for
Lesson Step revising/updating models and remind students of their resources (notebooks,
Summary summary charts, gotta have checklist). Send students off to work.

3. Summarize: Self-check. Students check their work so far against the
checklist. What have they addressed so far? What's the next step? Leave
themselves a sticky note of what to work on tomorrow.

Part 2: Providing & Incorporating Peer Feedback

1. Launch: Continue working on explanations. Have students use their
note-to-self sticky note from Part 1 to continue work on their model and written
paragraph(s) to explain the magnetic ring toy.

2. Explore: Peer feedback using “gotta have” checklist. Give students your
expectations for feedback. Have students do a silent gallery walk and leave
sticky notes for other students with some feedback.

3. Summarize: Incorporate/address feedback. Students read and address
peer feedback by adding to their model and explanation. Finally, have students
identify one place their thinking has changed and what experience helped
shape their current thinking.
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Forces Make Things Move, Grade 3: Non-Contact Forces Lesson 7

There is no precise “right way” to go about supporting students in revising and
updating models. Students need only the opportunity to identify where they have
changed their thinking and what experiences helped them change or elaborate on
their original ideas. Here are three options for support:

(1) Students could start on a blank paper or blank template. Then, when completed,
students compare their current model to the original model to identify places their
thinking has changed and/or been elaborated.

(2) Students use a different color pen to mark up their original model with revisions
so we/they can easily compare their original with their revised understanding.
Emphasize that to revise an idea, do not scribble it out, just place one line
through it and write your new thinking above or next to it.

(3) Students use sticky notes to show additions, elaborations, changes on their
original model. (See pg 8-9 of this document for more details).

Teacher
Decision

h':::'l@ 1) Introduce purpose and orient students to recent learning experiences.

a) Open with a statement of purpose. Something like: Today, we will look
back on what we have learned so far and all the evidence we have (point
to summary charts). We will go back and update our original ideas to see
what we have evidence for and also to our questions to see if we can
answer some of them now.

b) Remind students of the main question: How does this magnetic ring toy
work? Then, students recall and review what they have done so far by
taking a silent minute to look over the summary charts from prior lessons
and flip through their notebooks. What did we do? What did we learn?

Summary
Charts

c) Ask students: What do you remember doing or learning so far? Think for a
few seconds to get ready to share one thing with a partner. Turn and
share. This helps students quickly reorient to recent learning and review
resources they can use (notebooks, summary charts).

Turn-and-Talk 4y Generate a “gotta have” checklist as [Fmw dpes Tote Pagrete Firy

a class to ensure students oy werk £ i
remember to include important R L S e R
ideas. As students work on their TU Explain $he oy T A ——

models and explanations today and Wt merd e ieliady s [ o Tien
tomorrow, redirect them back to this | ... o, R

. SRy e ftly,,
y checklist as needed. dre el
. . (o P G . B P P (U
“Gotta have” For more teacher information about T S i | i i
“ ” H & el thye,
checklist Gotta Have” checklists, see pages  FJ ;.. b, oieres e | 700 o
. s e D i
10-11 of this document and/or 1w, Frgaze sl S s L_r l
H H PR, i o RL S i =L
watch this video. e
oAb . P ey
- . Longrd ol by o B
“Gotta Have” Checklist, at right: vribn feinal Pk

Created with student input and projected under ]
document camera for easy reference. Teacher th+ o Y Fhink P Idﬂ?-
emphasized adding in evidence for ideas. | hn.1 s B HisTEvidence.
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Forces Make Things Move, Grade 3: Non-Contact Forces

2) Explore: Update Models, Draft Explanations

Let students know the expectations for
the task-- whether they are starting a
new model, using colored pens, or

If a student...
.. seems stuck getting started:
Ask student to choose an idea from the

Update ideas . L checklist to start with and to tell you a
P sticky notes to “Pd,ate th'elr initial . little bit about it (oral rehearsal) and then
models (see decision point above in ask: How could you show that in
“Preparation”). pictures and words on your model?
.. talks to you about their idea but
Students use the “gotta have” checklist, isn’t putting it on paper. 3y
Y summary charts, and their notebooks to %Sk the Stugent 'fkdfaW'ng or W“t"zg that
. idea in words makes more sense to
Model to help them develop ar_]d update their them. Suggest they start there. If the
. models and explanations. student often does not write a lot, sticky
Explain notes can help as they don’t have to fill
Circulate as students work. As needed, a page just enough to fill a sticky note
confer with students to help them make for that idea. Suggest starting by writing
one sticky note for each idea on the
progress on the task. checklist to help get their ideas flowing.
3) Closing: Self-Check
Have students check what they have addressed so far on the “gotta have”
checklist. If needed, read each item and have students point to it as you go
Closing down the list to help them identify places to work on next. Have students jot a
sticky note to themselves to remind them of their next steps tomorrow.
Sy (bt g l, studer:t [;Xplar[l)atlo;l
oypos If'*"r .--" ek xample from Part 1:
Model labels:
- Same poles repel, opposite
| olanad ey poles attract.
B - 1} - . .
t I.r'f e - In between is magnetic
Lo | force.
. - It's like an invisible spring.
[——— Jr ‘ The magnet inside the toy.
.-J “-II-— ._r_.-".- . H‘x_\f.;.-"i ae
A Written portion:
. S lé/ | think the magnet toy works
e ]_ P because of magnetic and
ff [ '_'_". gravitational force. | know there
et I|F-_|." is a magnet in the toy so that is
T el \ why the magnets attract or
e L L repel the toy | also know that
(i T"' ’ g ™ each magnet has 2 poles, the
Ly T =2 e north and south pole; same
"r . Tt T et onid et o, poles repel, opposite poles
gl i B o : 3 1 attract. In my model, n stands
_—_— for north pole and s stands for
T _l-'.--k ihe - e R T PR o gt e 5 serdmalo® south pole. In the book What
- : " W 1 e magnets can do by Allan
N SHLmane PRV e saet o Ve Taens S e L e vhe 8 M Eopierin a text on p. 7 it says
- I’I'“‘ bz leae wie b V2D v ther 2l g et s 2 ':"'L" H-2“etr-R "Most magnets are made of
"‘r‘h'f;_ - i '_"jj' Fls efaly wpPeie folai et i b v ey medd L anide g | iroN or steel. Some are cobalt.
p |pI: i ::.".3."“’ - etk gate. T .-!,,a_ b,,l:. Wt 3, Ty s The only metals magnets stick
.:..h el "‘-.:u- ; |h E. 3 r-r'- Pl R iaek m-.-u-: o ] ¢ | (02T iron, st'e'el, cobalt, and
L ke o . ¢ [ wothed s bt g nickel." [Unfinished, student
o T WA aie joah worked on the next day]
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Forces Make Things Move, Grade 3: Non-Contact Forces Lesson 7

1. Launch: Resume work on explanations

a) Tell students that today they will have more time to complete their models and
LA explanations and get some feedback from partners to make sure they are
Model to showing everything they know in their explanation of the magnetic ring toy.
Explain b :
) Have students return to the sticky note students left themselves at the end of

part 1. Give students a few focused minutes (5-7 mins) to work on adding
ideas and evidence. Direct students to use their resources: notebooks,
summary charts, books, and “gotta have” checklist.

2. Explore: Provide peer feedback

‘ \E .l a) Set expectations for the peer feedback gallery walk. Tell students that

they will have a few minutes to silently circulate around the room, read
_‘ what other students have written so far, and leave a sticky note that
Mini-lesson recognizes a specific idea and suggests a next step. If students have not

done peer feedback before, insert a mini-lesson here to teach about how to
give helpful feedback and discuss examples. Use the examples in the slides or
select other criteria you prefer instead.

/F\ b) Have students silently circulate to leave at least two (preferably three)
(f) helpful feedback sticky notes on other students’ work. Remind students
\-_,/J to look beyond items like handwriting and spelling and give feedback

about science ideas or evidence. By the end of the gallery walk, each

Gallery Walk
aflery Wa student should have at least 2 sticky notes.

3. Summarize: Address/incorporate peer feedback

a) Have students return to their desks and read feedback. Check in to see if
students know what they will do next. If students know, continue working
on the model and explanation. If students aren’t sure what to do, then:

Think Time i) If 1-3 students are unsure, do some 1-on-1 conferencing.

ii) If 4-7 students are unsure, pull a small group to talk through feedback as a
group while the rest of the class works on their own at their desks.

iii) If 8 or more students are unsure, workshop examples as a whole class (e.g.,
“Martin’s note says, ‘You have labels on your model but you should add more
about how these parts work together and why they are important.” What might
Martin do next? Take ideas from the class. Repeat with another
sticky/student.)

] b) Allow students some time to finish updating their models and explanations
Update ideas using the “gotta have” checklist and peer feedback.

4. Closing: Self-reflection

Ask students to compare their original models to their current thinking. What is
one idea that you changed your mind about or learned more about? What
experiences helped you change or grow you thinking? Have students turn and
share with a partner.

Reflect
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Lesson 7

Teacher Reflection: Analyzing Student Work

 Includes and/or describes important science ideas. These could be shown in the
student’s drawn model and/or written explanation.

Forces Make Things Move, Grade 3: Non-Contact Forces

Important Idea What this might look/sound like...

[ Identify forces acting on an object which can result
in changing or maintaining motion. This includes
whether forces’ strengths and directions are
balanced or unbalanced.

“If we put the ring magnets so the same poles attract,
the magnets all stick together in a stack and there is no
invisible spring. The magnets won’t move. That invisible
spring is a magnetic push that we need it to launch the
top magnet. So if we put the ring magnets with opposite
poles facing each other, then there are gaps between
each magnet. | can use my hand to push down the
stack and make the magnets touch. When I let go the
magnetic force between magnets repels them and
launches the top magnet up. Our group got the top
magnet to go 23 cm from the floor! We tried making
different size gaps and figured out that it's a battle
between magnetic power and gravity. If we had stronger
ring magnets, | think we could get the magnet to hit the
ceiling. But they would have to be stronger, not heavier,

[ Distinguish between forces that work by touching
objects to move them (contact forces) and forces
that work over a distance (non-contact forces such
as gravitational force and magnetic force)

d Use patterns in observed motion to make
predictions (if/then) about future motion

[ Magnets exert forces on each other. The orientation
of magnets can cause the forces between magnets

to be attractive or repulsive. The strength of the
force depends on the material and shape, not size.

or else gravity would win and it wouldn’t go as high.”

d Evidence supports or refutes a claim. Note how/if students attempted to provide
evidence. Add other categories as they arise in student work (the chart is not exhaustive).

G . Detailed 1l
Evidence provides detail about
the source, but lacks explicit
connection to a claim

Evidence attempt is
generic, references
source, lacks detail

Connects to a claim

Evidence is relevant
to the claim.

Supports or refutes a claim
Evidence is relevant and

sufficient to support or refute the
claim.

“In this unit, we learned about
magnets. We did so many
experiments to learn about
magnets. Martin and | put
magnets on our desk and chair
and hands and the magnets still
stuck together. Then we had
donut magnets on a pole and
saw how high we could get
them to go. We also chased
one magnet around with
another.”

“Magnets have a
force. | know this
because we did
things in class that
proved it.”

“‘Magnets have an
invisible force. | know
this because | pushed
one magnet near
paperclips and the
magnet pulled the
paper clips to it
without even having
to touch them!”

“Magnets have an invisible
force. | pushed one magnet near
paperclips and observed the
magnet pulled the paper clips to
it without even having to touch
them! | could also see the force
field using iron filings.The
magnetic force made the iron
make a shape to show the force
field around each magnet.”

“Magnets have “Magnets are cool. The book
forces.The reading | Let's Make a Magnet by

and video taught me | Franklyn Branley said, ‘There is
about magnets so a reason why only some things
that’s how | know.” stick to a magnet.They have to
be made of the right stuff. The
material they are made of has
to be magnet sticky or
ferromagnetic.”

“Not everything is
attracted to magnets,
just paper clips and
some other metals
are.The book Let's
Make a Magnet by
Franklyn Branley said
that only materials
made of the right stuff
is magnetic.”

“Not every material is magnetic.
The book Let’'s Make a Magnet
by Franklyn Branley said that
only materials made of the right
stuff are magnetic. Also, in
class, we tested different objects
and the metal sink faucet did not
attract the magnet but metal
paper clips and the metal chair
legs did so they must be made
of the right stuff.”

Remember, learning to use evidence can be improved over the grade 3-5 band. Use what you notice in student work as a formative
assessment point. Identify what students are already doing well, attempting, and/or not yet attempting to support in future lessons
(when appropriate) or units to help students develop their proficiency in this practice of evidence-based explanation.
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Forces Make Things Move, Grade 3: Non-Contact Forces

Photos from Lesson 7

Student explanation example 1
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The student wrote:

“So if your teacher gave you a test on
magnets, you would need this article.
From weeks of Mrs. Bailey’s class,
you would get through the test easily.
Generals

So the basic question is: What ARE
magnets? Magnets can be steel, iron,
metal, all of those things that are
shiny. That is including your fridge.
We are talking about ring magnets.
Normal ring magnets are 4 cm wide,
¥ cm tall. Our real topic is about
gravitational force and magnetic force.
Get a toy called “Magnet Match Rings”
Unbox it and put it up horizontally
[vertically]. It should look squished on
the bottom. Put the ring magnet at the
bottom of your table. It should still
move. That is the magnetic force
winning. Then, take a magnet and
drop it. That is gravitational force
winning.

Advanced

So let’'s show what is actually
happening. There are two poles called
N and S. No, not where Santa lives, it
is different. North attracts S and same
if reverse. But it also repels if N is
facing N or S is facing S.

So why it gets squished is because of
the weight of gravitational force.
Gravitational force holds the magnets
from going up into the ceiling. If you
hold the magnets vertically
[horizontally] it gets balanced because
gravity cannot go sideways.

Experiment: You will need 30 pieces
of paper, 1 ring magnet, and a fridge.
1. Hold the paper on the fridge.
2. Put a magnet on the paper.
3. Does it stick? Try it with
different amounts of paper!”
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Forces Make Things Move, Grade 3: Non-Contact Forces

Accompanying model from the example explanation 1 provided on the prior page.

This student (Example 1) demonstrates an understanding of the different forces acting on the magnets
(gravitational and magnetic) by including how gravity pulls vertically on the magnets and the magnetic
force has to fight gravity to push apart and stay up but the gaps can get smaller. The student uses
some evidence in the form of describing what happened with the magnetic ring toy as evidence for the
ideas of the forces interacting. The model includes many features with multiple before/after situations,
measurements, and captions that are important to this students’ explanation.
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Forces Make Things Move, Grade 3: Non-Contact Forces Lesson 7

Student explanatlon exampIe 2
R l"'-.‘.",-'ht" poty |_r “Magnet Toy EXPLAINED

Ei{Pu |5r| I'l'n ' [-_"“'1,-' Netwi 1 The magnet toy works with magnets
o ,| 11, Ifiru repelling each other. Every magnet has 2
4 . Thei:  hi il . . hemispheres facing opposite directions
[k '._'Liﬁg e, oHer. EiES i -:'i: ‘1% and opposite sides. When two magnets
: 2 b [5F Ry Rl are next to each other but with opposite
ai [} LT i PR e W l' poles facing each other, they connect!
T Pyarpeh e Rt w -, ulbe Butif two magnets are next to each other
fxi Hir ) with the same poles facing each other the
" : Els magnet will repel because the two
£ T i hemispheres create an entire sphere in
sk fht il e 4 H between the magnets! [/s this like a
s T i i {1 magnetic field?] This goes the same way
] : 7 y for all magnets including ring magnets!
! ; But gravitational force is important, too!
0 ! Tk Lol o The repelling force and the gravitational
4 o1 iz n2 force makes a balanced force which
Tarher ol r : makes the ring magnets levitate.”

L |
4
b

L LEEN Accompanying model from the example
-l-‘ L9 " explanation 2. Descriptive label/captions:
e “Same poles facing each other to make
a sphere so it makes a cushion causing
0 it to repel.”
PO TR T : R e “Opposite poles facing each other.
',"-ll--l-__ t L South is the only pole that pulls, so the
A cushion is incomplete, therefore it
Sk e I T attracts.”
B ) ; e “The ring magnets, but it is on a stick so
) A o T it doesn’t fall/attract. The repel makes it
. hover in place.”

This student (Example 2) demonstrates
an understanding of how the orientation
., HEFAT ok { ooy : of magnets changes the magnets motion
=3 b (together or apart). The student touches
= ' on the notion of the different forces acting
3 I : on the magnets (gravitational and
pd magnetic) and that these forces are
E balanced (levitate, hover). The student
s makes an attempt at providing evidence
in the form of prompting the reader to try
| T . a test with two magnets to experience the
_l b b _ poles attracting/repelling. The model
' Tiz: o e includes many ways of showing the
attraction and repulsion between
magnets, which was a significant idea in
this students’ explanation.

]_
= L

Developed by C. Colley, PhD ccolley@rentonschools.us with Grade 3 teachers and students at Sartori Elementary, Renton Public Schools
© 2019 under a Creative Commons Attribution NonCommercial-ShareAlike 4.0 International License. Available at www.AmbitiousScienceTeaching.org



https://docs.google.com/document/d/1UKg3hxvrWRUg6hALO9843DdI67dQ-F64ONFQ3cb4cvY/edit?usp=sharing
mailto:ccolley@rentonschools.us
http://www.ambitiousscienceteaching.org/

NOW, WHAT DO WE THINK...

HOW DOES THIS MAGNETIC
RING TOY WORK?

| | ¢
S5

Part1

WHAT HAVE DONE?
B SR

What is one important idea we
have learned about so far?
What did we do to learn about it?

Look over the summary
charts and your notebook.

What have we done so far to
learn about forces? Turn and share with a partner.

Lesson 7 Slides
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"GOTTA HAUE" CHECKLIST

What are the important ideas we
have got to include to explain how
the magnetic ring toy works?

What are some words
that might help us?

Modeling forces using arrows:
Length = strength
Pointer = direction
Label = description

UPDATE YOUR MODEL &

SHOW WHAT YOU KNO
ABOUT FORCES BY

EXPLAINING THE TOY

If arrows show forces, how can you
show movement or motion?

4

——_ happenswhen___.
causes
————onlymovesif____.

I learned this when we...
I know this because..
My evidence for this ideais...

Lesson 7 Slides
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Check your explanation so far with
the “gotta have” checklist.

- What have you done?
- Could you elaborate more?
- What do you need to add next?

ced 10--

Next\ NS Leave yourself a sticky note
- . of what to work on next.
pndthent—""___
/’/”

—

NOW, WHAT DO WE THINK...

HOW DOES THIS MAGNETIC
RING TOY WORK?

NE:

25 E

Part 2
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CONTINUE WORKING ON YOUR EXPLANA TION f;\
=

d 1o.- R
Next.\MS” T Use your sticky note and
- _ continue working on your

n—"" .
pdt T~ model and explanation of

—
—

—

—_—

the magnetic ring toy.

(ome— [if}

CILINCGHEIREYREEEDE G
Helpful feedback is..

e specific =1 know what to do.
e actionable =1can actually do that next or now.

IS THIS FEEDBACK HELPFUL OR NOT?

You drew the magnetic
fields in the model.

Specific = About magnetic fields in my model

?C’IZ{’OU 'fh'”'k magnetic 7 Actionable =1 can add more about when
lelds are always the same” magnetic fields are the same or
different and why they are

Why are magnetic fields
important to explaining the
toy?

important to how the toy works.
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CIUINGIENREY §EEEDETERS

Helpful feedback is..

e specific =1 know what to do.
e actionable =1can actually do that next or now.

IS THIS FEEDBACK HELPFUL OR NOT?

You have lots of details and

labels in your model and
you don't have a lot of
writing yet. You should add
more to your writing.

Specific = Not specific. Very general.

Actionable =1 can add more to my writing next
but without specifics, this feedback
doesn't help me know WHAT to add next.

aUARL

Helpful feedback is..

e specific =1 know what to do.
e actionable =1can actually do that next or now.

IS THIS FEEDBACK HELPFUL OR NOT?

eck
ghould 12 e
You S cwith t

o\J\'
otta \'\0"e

gheck\\s)‘

ACTIONABLE,
BUT NOT SPECIFIC

\ot but o 3+ facts < on Yo
You W' "d r?egxe\' ‘(:QJ o:?:nog\‘\e;;\ yov 00 the\ °\‘:\ sorces ke
\<-\ondw"‘““9 ogree it mro(i\/?TY m?(viﬂs‘:gu\
50‘ . 9 Y
(UP’ \eaf.
NOT SPECIFIC TOIDERS, - cpr i e ot €
NOT ACTIONABLE g
NOT ACTIONABLE ACTIONABL
GpECIFC AND
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CAMER AV IIRGEEEDETIGRS

Clear off your desk top except for your model and explanation.
Get a pencil + 3 sticky notes.

& 1. Choose another desk. Silently read.
D 2. Leave specific and actionable feedback sticky.
D 3. Walk around and repeat three times.

i Make sure each person has at least 2 notes!

llikehowyou _______. It would be clearerifyou ________.

Add more about _______ because 'm not sure what you meanby______
| disagree with_______. What is your evidence that_________ ?
lagreethat _________. Add evidence to tell how you know that_____.

Modeling forces using arrows:
Length = strength
Pointer = direction
Label = description

If arrows show forces, how can you
show movement or motion?

—happens when___.
causes
———_onlymovesif____.

| learned this when we...
I know this because..
My evidence for this idea is..
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What is one way your thinking
changed? What experience
helped change your thinking?
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Forces Make Things Move, Grade 3: Non-Contact Forces

Lesson 8

Lesson 8 Collect & Display Data: The Strongest Magnet

Purpose

Learning
Target

-
’%}F
; r‘.,) g'

Materials

1
2
3

Lesson Step
Summary

This three-part lesson walks students through the process of designing
and improving a simple test. Each group is tasked with answering the
same question, “Which magnet is the strongest?” but can do so with
different procedures. Groups compare procedures and data. Then, they
learn how to create graphs of their data for easy communication.
e Students plan and conduct an investigation collaboratively to
produce data that serves as evidence.

Focus question
How do we know which magnet is
strongest?

Learning Target
| can work with a group to test the
strength of different magnets and

collect data.
*You do not need to post a target statement. Instead,
pose a question on the board.

NGSS 3-D

SEP: Plan & carry out investigations
Make observations and measurements to
produce data to serve as basis for evidence for
an explanation of a phenomenon

CCC Patterns Patterns can help make predictions
CCSS math connection: Draw a scaled picture graph
and a scaled bar graph to represent a data set with
several categories. Solve one- and two-step "how many

more" and "how many less" problems using information
presented in scaled bar graphs.

For the class: On a materials table for groups to use:

- Lesson Slide Guide (GoogleSlides) - 8rulers
- Chart paper and markers - string + scissors
- Optional: Practice w/graphs (Slides) - clear tape
- graph paper
Per student: - 8 boxes of 100 metal paper clips
- 1 5’x8” index card - 100 metal, magnetic washers
- ruler or straight edge - various magnets: horseshoe, bar,

- Science notebooks
- Optional: colored pencils/crayons

rectangular, donut (1 set per group)

Part 1: Simple tests for strength
1. Launch: Orient students to an idea. Revisit the simple test from L4 and
interpret graphs. What does this data tell us? How else can we test for strength?
2. Explore: Make a simple plan and try it out. Students work in teams to make
and enact a plan to collect evidence of the strength of a magnetic force.
3. Summarize: Coordinate results of simple tests. Visit each group to collect
class data about which magnet is strongest/weakest. Consider improvements.

Part 2: Improve the test, Compare results
1. Launch: Orient students to an idea. How can we improve our tests?
2. Explore: Improve the plan and try it. Teams improve their tests. Collect data.
3. Summarize: Coordinate data & write with evidence. Visit each group to see
improved tests and collect class data. Students write evidence-based claims.

Part 3: Graphing data
1. Launch: Orient students to an idea. Showing data two ways, introduce graphs.
2. Explore: Try out pictograph and bar graphs. Students graph shared data first
and then graph data from their own test.
3. Summarize: Coordinate ideas about visual displays of data. Look at student-
made graphs. Are there advantages/disadvantages to pictographs & bar graphs?
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Forces Make Things Move, Grade 3: Non-Contact Forces Lesson 8

Part 1: Simple tests for strength

1. Orient students to an idea: Testable Questions

.al_-._. . .__: - -| a) Tell students that in the next few How many sheets of paper each magnet held to the
- dayS they W|” Work together to magnetic whiteboard without sliding down
Purpose figure out different ways to test 2

how strong magnets are: Which
magnet is the strongest? How

\// can we tell? ® 5
0 —_—
donut horseshoe bar rectangular

||II| b) Remind students of the simple Maget Shape
test they conducted in Lesson 4,

where they used each magnet e What does this graph show?
to hold sheets of paper to a What can we infer about the strength of

magnetic board. Show students each magnet from the data shown?
the bar graph (S.Iide 2) e How many more paperclips did the

Sheets of Paper

Analyze data

rectangular magnet pick up that the bar?
Tur.n-and-talk about V\_’hat they o How many paperclips were needed for
notice and what they infer from this experiment?
Turn and talk

the graph. (Part 3 unpacks graphing.)

c) Tell students that for this test we inferred strength by how many sheets
l‘ ®e of paper each magnet held. Brainstorm and share with a partner
) and/or as a class: What are some other ways we could show how
""9 strong a magnet is if we can use these materials? (see slide 3).
Share & Discuss

d) Tell students they will work on groups to design their own test that
shows the strength of the magnets. Use the materials available but the
data they collect has to be numbers, like counting or measuring.

2.) Collaboratively plan and enact a simple test for a magnet’s strength

Students work in teams to develop and enact a simple test to show
how strong each magnet is. Each group needs the same set of
magnets and use any materials from the material table. Groups jot
data and sketch their set-up in their notebooks as they work.

i) Each member sketches a plan to test strength. Then, share and discuss
as a team to agree on a plan.Teacher circulates and checks to see that
students are collecting data with numbers (e.g., measurement/counting).

i) Once the team agrees on a plan, send a student to get materials.

iii) Conduct your test and see if the data shows which magnet is strongest.

Teamwork

]

Record Data

Notice: What are students doing in their investigations?
Circulate and notice how students conduct tests. Do you notice successes or
challenges in the areas below? No need to intervene right now. Just observe and
make note of any examples.This will be used in Part 2.
e Is the test valid? Does the test address the question? In this case, are students
measuring/counting something that indicates the strength of the magnet?
Teacher Move: e Is the test fair? Scientists only change one thing (variable) at a time. Are
Circulate & Notice students changing more than just the magnet each trial? Why?
e Is the test reliable? Are students trying the test multiple times or not? If so, do
they get the same or similar data in each trial?
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Forces Make Things Move, Grade 3: Non-Contact Forces Lesson 8

3.) Coordinate results of simple tests

r/.F‘\‘ a) Give teams a 5-minute warning to finish testing and prepare a quick
\‘??'/J 1-minute share-out about their test and results of strongest/weakest.

b) Take the class to visit each team and have each team show their test
and their results. This should have a perky pace spending no more
than 2 minutes per group. Keep tally marks on the class data table to
show the strongest and weakest magnets tested.

Gallery Walk

c) After completing the gallery walk, gather as a class and look at the
class trends on strongest/weakest magnets.
What do we notice? Did each group have the same results?
If so, how could that happen if we had different tests?
Analyze data If not, how could different tests give us different results?

d) Next, look at the paperclip test (slide 6) and tell the class that this
scientist, if she did the test again, would tie a string around the magnet
instead of holding it with her fingers because maybe each magnet
could attract more paper clips if her fingers were not in the way. Tell

Think Time students they will work on their test to make it better tomorrow. Ask:
What would you change next to improve your test?

4.) Quick Write in Notebooks

What did you do today? What did you notice?
What were your results?
What would you do differently if you did the test again?

L ] \Q

-f Give students time and space to process what they did and figured out today.
L

-

Quick Write

Part 2: Refine the test & compare results

1.) Orient students to an idea: Qualities of Scientific Investigations

a. Tell students that today they will improve their test. To do that, it is
helpful to know a few qualities of scientific investigations:

Scientific tests need to be valid, which means the test answers the
question. Put another way, the test should match the question. If | had
students vote for their favorite magnet shape, would that help us answer
our question of magnet strength? No! So, that would not be a valid test for
our question about strength.

Scientific tests need to be fair. This means scientists only change one
thing, or one variable, at a time. In our paper test, we changed the magnet
and nothing else. We did adjust the number of sheets of paper in response
to the magnets' strength, which gave us our data. But we did NOT change
the type of paper in the middle of the test—like using cardstock for the
rectangle magnet and then construction paper for the donut magnet. That
wouldn’t be fair and we couldn’t compare our results.

Scientific tests need to be reliable. This means that we get similar
results or outcomes each time we do the test. If we did the paper test 3
times, we should get similar results.

Science Words
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Forces Make Things Move, Grade 3: Non-Contact Forces Lesson 8

/—D b. Examples: Ask students to think about their test from Part 1. Think of
L ®e an example for each characteristic and briefly share out and/or share
\ .‘) examples you observed and noted during Part 1 to illustrate:

"'@ i. Valid: was a valid test for strength because it...

Possible response: Picking up paper clips with each magnet was a
valid test for strength because we knew the strongest magnet held
the most paper clips so it helped answer our question.
ii. Fair: was a fair test for strength because...
Possible response: Our test was a fair test for strength because we
only changed 1 thing each time and that was the magnet.
iii. Reliable: Finally, have students share example(s) or leave them with
this as a criteria for today to try your test at least 3 times to see if you
get similar results.

Share & Discuss

2.) Explore: Improve the plan and try it. Is your test valid? fair? reliable?
Teamwork

Have students return to the groups they worked with in Part 1 to make
improvements to their test and make sure it is valid, fair, and reliable for
answering our testable question: Which magnet is the strongest?

]

(NN 0]
(NA0]

Record Data  Tell students to collect data for 3 trials to check if their test is reliable.

3.) Summarize: Coordinate results of simple tests

a) Collect data about strongest/weakest magnet on the class data table.
(Optional: Gallery walk presentations with 2 minutes per group. Each group
shares results and describes how their test is valid, fair, and reliable.)

Analyze data b) Analyze and discuss the class data table.
/--D Does each group have the same results?
] o If so, how could that happen if we had different tests?
\ as If not, how could different tests give us different results?

5

. Were our tests valid, fair, and reliable? How do we know?
Share & Discuss

4.) Quick Write in Notebooks

»

a) Before sending students off to write, remind them about claims and
evidence. A claim is what we know to be accurate or true. Evidence is
supporting information that shows how we know what we know.

ick Writ
Quick Write b) Give students time to process what they did and learned today.

What did you do today? What did you notice? What were your results?
Was your test valid? fair? reliable?
Write an evidence-based claim about magnet strength.
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Forces Make Things Move, Grade 3: Non-Contact Forces Lesson 8

Part 3: Displaying data in graphs

— @ 1. Orient students to an idea: Represent data in graphs

a. Tell students that they will be working with the data they collected
yesterday about the strength of each magnet (Each group should have

Purpose data with numbers, measurements, counts).
QQ b. Show students the paper clip photos for each magnet on slide 16. Ask
’ ’ students to use the images to share an evidence-based claim with a
partner. Quickly remind students that a claim is something we think we
Turn and talk know to be true and evidence is how we know.
— c. Use slide 17 to introduce (or review, if students have seen them before
\— . in math) pictographs and bar graphs.
_‘ d. Use slides 18-19 for students to practice graphing the paperclip data.
Mini-Lesson This can be done with quick sketching on whiteboards or paper. Then
have them compare with a partner.
[+] %] e Does your graph look the same?
-] =) e Pictograph: What number did you choose for the key? Why?
e Bar graph: What did you count by on your vertical axis (number
line)? Why?

Math connection

2. Explore: Represent your data in a graph

a. Tell students to choose either a pictograph or bar graph to represent
their data from their test. Every student in the class will make a graph
on a 5x8 index card.

Display data b. As students finish making their graphs, have them swap with another
student and write an evidence-based claim on a sticky note using the
data represented in the graph. (e.g. The graph shows the rectangle
magnet picked up 101 paper clips which is more paper clips than any other
magnet. So that’s why | think the rectangle magnet is the strongest.)

/-C] 3. Summarize: Coordinate ideas about visual displays of data.
'. ®
\ - a. Postindex card graphs from students on the board. Look at student-
...;@ made graphs. What do we notice?
Share & Discuss b. Discuss:

- Which graph is easier to make?
- Which graph is easier to read?
- Which graph do you prefer, pictograph or bar graph? Why?

Preview the next lesson telling students they will start planning their own
investigations about magnets. Collect index cards if you would like to look at

them or have students tape them into their notebooks next to the data they
Lesson Closing collected yesterday.

Optional: For more practice with graphs, use the examples on these slides.
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Forces Make Things Move, Grade 3: Non-Contact Forces Lesson 8

Photos from Lesson 8
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Students worked as a class to create a bar graph and pictograph for the example
data: paperclips held by each magnet as a measure for strength. Then, students

graphed their own data from their strength test in bar graphs and then pictographs.

Students examine each others’ graphs and ask questions to clarify graphs.

[ -

ARy Lo
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TEST REVISIT

Ms. Bickford's class
tested how many sheets
of paper each magnet
held to the whiteboard
without sliding down.

Here's what they found.

Sheets of Paper

How many sheets of paper each magnet held to the
magnetic whiteboard without sliding down

donut horseshoe rectangular
Magnet Shape
donut horseshoe  bar rectangular

° Sy

[

IHOCH AAGMET HOLDS THE MOST SHEETS OF PAPER?
DOES THAT MERN IT IS THE STRONGEST MAGAET? .

Lesson 8 Slides
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SAEVITEE MESTIGETIONS

Scientific investigations Our question:

help us answer testable
questions -~ :ﬂm
STRONGEST?

L.-J We can answer other
== questions with research.

Some questions can be answered
with both tests and research!

donut h h
onu orseshoe | 1 in g group. Come up with a

= way to test how strong a magnet
bar rectanaular . . . .
S . isusing the materials available.
Use numbers (count or measure).
mMmagneTts
How will you know what magnet is
stronger than another?
raph paper
ruler ofe ¢k 1 Test each magnet.
AR e . .
_ > Which magnet is the strongest?
l,",,,‘; i > Which magnet is the weakest?
= 0 /Z’ﬁ” / > What's your evidence? How do you
" : l know? Use your data!
washers paperclips
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1. Open to a new page.

N

already..

Write the title and date.
3. Quickly sketch your test and
record your results, if you haven't

Which magnet is strongest?

02-24

ANALYZE & COMPARE RESULTS

After you visit each group, quickly mark
which magnets each group found to be
the strongest and the weakest.

What do you notice and wonder
about the class data?

Are there are differences in
results, what might explain
that difference?

How strong are magnets?

strongest

weakest

donut

horseshoe

0

bar

Sy

rectangle

<
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Or. Colley decided that strength means how many paper clips each magnet can pick up. So the
magnet that picks up the most paper clips is the strongest compared to other magnets tested.

T, Ve’
5
——

Lo |
horseshoe magnet i W - bar magnet
Wi (im0 il Imm (i
I 1L TP i i
rectangle magnet i © i N
W g O Al

B

| :
: 1L M

111 )

7

Which magnet is strongest?  02-24-20

-

On the bottom half, add:

- What else did you notice?

- What did you figure out?
Helpful Words: - What are you thinking now?

magnhet  poles
attract pull
repel push
strength strong
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Part 2

ISGIENTIEIEINUESTIGATIONS
Is the test valid? mmsm

The test answers the question Valid: Does your investigation test
for strength? Does it help us figure

Is the test fair? out which magnetis STRONGEST?

Only change one thing (variable)  Fair. If you change the magnet,

at a time. nothing else changes!

Is the test reliable? Reliable:Do you get similar results

Try it 3 times. Do you get the same  Oh each trial? Did you try it 3 times?
or similar data in each trial?
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LET'S TRY THUS AGHN...

&\ donut horseshoe  Now that you have experience
== string e “ with these materials, you have
< / bar  rectanqular  time to improve or change your
= test for magnetic strength.
ta pe magneTts

Work in a group. Figure out how
you want to test a magnet’s

strength today.
ruler graph paper 9

Test each magnet.

P V. > Which magnet is the strongest?
= /?’? > Which magnet is the weakest?

. > What's your evidence?
washers paperclips

ﬂ”ﬂl”[ & COMPI’RE RESUL Is How strong are magnets?

On the data table, quickly mark which strongest weakest
magnets your group found to be the donut
strongest and the weakest.
e
. horsesh
What do you notice and orsé';oe
wonder about the class data? -
ar
. \
Any different results between rectange
yesterday and today? What (/

might have caused the
similarity (or difference)?
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CLAIM: WHAT YOU KNOW

The magnet is the strongest.

EVIDENCE: HOW YOU KNOW

The magnet [lifted/moved/pushed + numbers] compared to...
which is how | know the magnet is the strongest.

SCIENTIFIC TESTS
H . Improved test:
Va I ld test answers question Which magnet is strongest?  02-25-20
Fa|r onhe change at at time m
Rehab 'e repeatable results 7 m

1. Open to a new page.

2. Write the title and date.

3. Describe your test and what
you improved.

4. Write about today'’s tests.

Include a claim with evidence.

C”"M What you know
EWDENCE How you know
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Part 3

Dr. Colley decided that strength means how many paper clips each magnet can pick up. So the
magnet that picks up the most paper clips is the strongest compared to other magnets tested.

bar magnet

d iy Wy Efi i
L o U O g lllm\ i

o Bl il (L i A
Tt © i N

rectangle magnet
M gy W0
i i
L
111 1
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How cAN You sHow para iy 4 GRAPH?

EXAMPLE We count how many Skittles we have of each color we have.
Here is the same data, two ways:

SR E— Skittle Frequency Pictograph
Red 0000000

Orange 0004¢
Green 0000001¢
Purple 0000

® = skittles

Skittle p,

SHOW THIS AT A PICTOGRIPHL, |~ =~

Puryy 0@
Remember pictographs use a picture to represent a quantity. What quantity / "0: o
will you show with each picture? Why? Sketch out your pictograph. .

" —skittlgg

bar magnet

iy Wi i
i e | T g |m\“ g
o il i g L

weo | O g ey

rectangle magnet

Wy g
i LT 1 (1yA§)
O fIkili
1117 A
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SHOM TS DY 1Y A BAR GRAPH.

Remember bar graphs have a scale. The scale is a vertical number line (axis)
that often skip counts. What will you skip count by? Sketch out your bar graph.

L,

S~

[T bar magnet
wi R g
il i 1L LT i i i
rectangle magnet T © il i
W gy Wl ‘ j
B
O R
T T T §

WIOWE,; GRAVPH YOUR DATAY

skittle Frequencv Pi
Choose how to represent your data from S
| Ret .‘
yesterday's test. i e
....Q.I
o ....

skittles
=

1. Will you make a bar graph or a pictograph?

2. Sketch your graph on an index card.
Remember labels and a title!
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CORPIRE GRIPHS & DISCUSS

DISPLAY INDEX CARD GRAPHS ON THE BOARD

1. Look across all the pictographs and
bar graphs. What do you notice?

2. Scientists choose how they display
datain graphs. As a scientist, which
graph do you prefer? Pictograph or
bar graph? Why?

Which magnet is strongest?  01-24-20

Tape your index card in

your science notebook so
that you can lift it to read

your writing underneath it.
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=
S PICTOGRAPH
PRACTIGE

|\

Task 1: Magnetism Experiments

[T DO THIESE PICTOGRAPIHS SHOMZ

Testing Magnet Strength:
How Many Papers Can Each Magnet Hold?

[0 =1 page
, Horseshoe pppnDODDODDODDRD

These pictographs - ponut  ppPPRDDEHODEODEDDEDDAD

show the same data.
Bar oo
What do you notice? Rectangle ppppoDooDODODDDDDODDDEDDDED
Which ?ilffctlgr;ph?do Testing Magnet Strength:
you like betrer: How Many Papers Can Each Magnet Hold? o aes

Why? Horseshoe ponpoponon

Donut BB[E|8]E]E]8]E]RlEE,
Bar B)

Rectangle ppppoonoonoon

Lesson 8 - optional slides

Developed by C. Colley, PhD ccolley@rentonschools.us, with Grade 3 teachers and students at Sartori Elementary, Renton Public Schools
© 2019 under a Creative Commons Attribution NonCommercial-ShareAlike 4.0 International License. Available at www.AmbitiousScienceTeaching.org



(XTI DO THIESE PICTOGRIPIHS SoMz

Testing Magnet Strength: 0=1ci
How Many Paperclips Can Each Magnet Pick up? - P

Horseshoe  00000000000000000000000000000000000000

Donut 000000000000000000000000000000000000000000000000000000000000000000000000000

Bar 00000000000000000

Rectangle  00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Testing Magnet Strength: How Many Paperclips

Can Each Magnet Pick up? ' =oclips Lo .
Horseshoe D800000w This is the data table from the experiment.
Donut — GO0O00OD0000000 Which pictograph do you like best? Why?
Bar 000, Which is easiest for you to read?
Rectangle 0000000000000000000. / ‘
Magnet | Number of
Testing Magnet Strength: How Many . =10 dlips Shape Paperc"ps
Paperclips Can Each Magnet Pick up? * ~ P Horseshoe 38
Horseshoe ".'
Donut booonnd,. Donut 75
Bar by
T Bar i
Rectangle 101

IRV IS GRIEAE A ICTOGRAPH

This data shows how close the
magnet had to get to a paperclip
to cause the magnetic paperclip

to move to the magnet.

Magnet Distance

Shape pulled (cm) Horseshoe
Horseshoe 4 Donut
Donut 7 Bar
=l ! Rectangle
Rectangle 8

How can we show this data
in a pictograph?
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Task 2: Solving Problems Using Magnets

IRV THISY  GIRIEATE Al PIGTOGRAH!

Problem: There are staples on the carpet when teachers change work on the bulletin boards.
Solution: Use a magnet to pick up staples. However, we need a strong magnet so we aren’t having
to stop clean up to pull off and throw away staples very often. Which magnet should we use?

This data shows how many staples each magnet
could pick up and hold without any falling off.

Magnet Number of

Shape Staples
Horseshoe 160
Donut 210
Bar 20
Rectangle 260

How can we show this data in a pictograph?

Lesson 8 - optional slides
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Problem: We decided to pick up staples off the hallway floor using magnets but don’t
want to be crawling around on the floor.

Solution: We need a magnet that can pick up staples without having to get too close
to them and can attract the staple at a distance. Which magnet should we use?

Distance
o Horssshos A
Horseshoe 6 Donut A2 N B
Donut 9 Bar »
Bar 1 Rectangle Q3322
Rectangle

What's missing from the pictograph?
What's missing from the data table?

AT B
OGRS

P,

Task 3: Solving Problems Using Magnets
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Problem: Ms. Loida in the

i : How many students will eat
cafeteria is not getting accurate
lunch counts Wi?houf%n school lunch today? ®= 5 students

accurate count, she has tomake  kindergarten @A O A @

food during lunch which makes

the lines longer and slower. 1strade OO OO B
Solution: Each student has a S Owe @ @ @ @ @ @ N
magnet and moves it under 3rd Grade @ @ @ @ @ <
“home lunch” or “school lunch” to

take an accurate school lunch sncrade OO OO S
count. Then, the classesina 5th Grade @ @ @ @ @ @ @

grade level combine their data
to display it on a pictograph
outside the cafeteria.

IRV THSY  GRIMAE A PICTOGRAPH

How many students will eat
school lunch today? ®= 1 student

kingergaen @ OO OO OO OO OO EBHEBOOG
1scae OO OGO EOHOBO
N OISIGISISISISISICISISISISISISICISISISISISISISICISISISISISISIOIS)
RN CICISICICICICICICISICICISICICICISISICICISISICICICISIONS)
N SICICICICICISISICISISISISISICICICISICICICICICISICICISICIS]S)
shorace OO OOOOOOOEOOOOOOOOOOOEOOOOOOOEHOGG

How many students will eat

school lunch today? ®= 5 students
kindergaten @ OO O S This is the data from the grade level lunch counts.
1sterate OOOOOB Which graph do you prefer? Why?
N CICICICICIONS Which graph is easier to read and understand?
scrace OOO OO Which graph is easier if you had to make it? Why?

4th Grade @@@@@@
5th Grade @@@@@@@
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Lesson 9

Lesson 9 Conducting Simple Tests with Magnets

This lesson walks students through the process of designing and conducting
their own simple test with their group and publishing their results.

e Students plan and conduct an investigation collaboratively to
produce data that serves as evidence to answer their questions.

Purpose
e Focus question NGSS 3-D
St What else do we wonder or what to SEP: Plan & carry out investigations
- Make measurements to produce data to serve as
know about magnetS? What can we basis for evidence for an explanation
) do to answer our questions?
Learning
Target Learning Target
I can YVOI’k with a group to deSIg_n an CCC Patterns Patterns can help make predictions
experiment to answer our question. CCSS math connection: Draw a scaled picture graph
*You do not need to post a target statement. Instead, and a scaled bar graph to represent a data set with
. several categories.
pose a question on the board.
g For the class: On a materials table for groups to use:
i “'ﬁw $ - Lesson Slide Guide (GoogleSlides) - 8rulers
J?_ e - Chart paper and markers - string + scissors
W lﬁ - clear tape

Materials Per student: - graph paper

- graph paper - 8 boxes of 100 metal paper clips

- Science notebooks - 100 metal, magnetic washers

- Optional: colored pencils/crayons - various magnets, different shapes
1 — Part 1: Choose a testable question and make a plan
2 1. Launch: Orient students to an idea. Types of questions (testable and research)

3 2. Explore: Sort Questions. Small groups sort sticky note questions to decide
which are testable, researchable, or both. Then, discuss the sort as a class.
3. Summarize: Cluster themes, select, and draft. Group testable questions by
theme. Students choose one of interest and draft a plan idea (individually) in NBs.

Lesson Step
Summary
Part 2: Plan a valid, fair, and reliable test. Preliminary data collection
1. Launch: Orient students to an idea. Tests must be valid, fair, and reliable.
2. Explore: Create a plan and try it. Teams develop their valid, fair, reliable tests.
3. Summarize: Evaluate current plans and discuss as a class. In what way is
your test valid? fair? reliable? What might you improve in your test design?

Part 3: Collect data and graph it.

1. Launch: Orient students to an idea. Tests must be valid, fair, and reliable.
What might we notice as we collect data to show our test isn’t valid? fair?
reliable?

2. Explore: Collect and graph data. Groups improve and finalize their plans and
then collect data. Prompt them to make a pictograph and bar graph of their data.

3. Summarize: Coordinate ideas about visual displays of data. Look at student-
made graphs. Does the graph help answer our testable questions?

Part 4: Publish your results
1. Launch: Orient student to an idea. Scientists write with structure.
2. Explore: Draft an organized report. Students draft to publish their results.
3. Summarize: Self-assess your draft. Have students share what they have tried
as a science writer today. (Allow additional time to complete the draft. If desired,
add days for peer feedback and/or revisions to polish a final draft.)

Developed by C. Colley, PhD ccolley@rentonschools.us, with Grade 3 teachers and students at Sartori Elementary, Renton Public Schools
© 2019 under a Creative Commons Attribution NonCommercial-ShareAlike 4.0 International License. Available at www.AmbitiousScienceTeaching.org



https://docs.google.com/document/d/1ayM7JC9hUiXDhvfDOmPJsmrS32AlJO1euXs5vW_OG5U/edit?usp=sharing
https://docs.google.com/presentation/d/1kU6WJ0-xH_jU8UlgLX7ROosG80JNOHUH6sGr59hhHWo/edit?usp=sharing
mailto:ccolley@rentonschools.us
http://www.ambitiousscienceteaching.org/
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Part 1: Choose a testable question & draft a plan

‘~ @ 1. Orient students to an idea: Types of Questions, Testable vs Research

a) Tell students that they will work collaboratively to answer questions
about magnets. Have students take a few moments at their desks to jot
questions about magnets and magnetism -- Each question gets its own
sticky note. Leave sticky notes and come to the carpet.

Purpose

b) Tell students that they will have the next few days to create their own
investigations so they need some testable questions to answer. Remind
students about the difference between testable questions and
researchable questions using the examples on the slides: Scientific
investigations help us answer testable questions. We can answer other
questions with research. Some questions can be answered with both tests
and research! There are some questions that are testable, however, we
might not have the right equipment, time or money to do the test. Therefore,
we have to use research to learn from the work other scientists have done.

Science Words

c) Use a combination of think time, turn-and-talk, and sharing out to talk
through if the example questions provided on the slide:
i) “Do magnets work underwater?” This question is testable given the
materials we have available (TESTABLE). However, students could argue
that we could research to see if anyone else has done this experiment to

/—C] see if our results match (so, ‘both,’ is aso a reasonable categorization).

] ®e i) “Are all metals magnetic?” This question is testable given materials we

\ An) have available (TESTABLE); however, since we don’t have every metal in
,_9 the world in our classroom, we would benefit to do some research to obtain

information to add to our data. (BOTH).

Share & Discuss i) “What’s the strongest magnet in the world?” Since we only have a limited
sample of magnets in the classroom, this question would be best
answered by doing some research (RESEARCHABLE).

2. Explore: Sort Questions

a) Have students return to their table groups to read each sticky note
Teamwork question and decide what kind of question it is. Sort the sticky notes
into 3 groups: testable, researchable, or both. (Students may need a
fourth pile for “not sure yet.”)

li ®e
) b) When completed, bring the sticky notes to the front and put them on
""9 the board under the headings: testable, both, researchable, and not
Share & Discuss sure. Look over the sort and quickly discuss any “not sure” questions
as a class.

3. Summarize: Select a testable question and draft a plan.

Quickly group or cluster the testable questions sticky notes by topic or theme.
Have students choose one of interest and draft a plan idea (individually) in
their notebooks. This will let them bring something to their groups tomorrow in
Quick Write Part 2. (NOTE: Jot down what each student is interested in to make groups
for Part 2, grouped by interest.)
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Part 2: Plan a valid, fair, and reliable test.

‘*@ 1) Launch: Orient students to an idea. Tests are valid, fair, reliable.

a) Tell students that today they will begin testing to see if they can
answer their questions from part 1. To do this, students need to make
sure their tests are valid, fair, and reliable. Quickly, remind students
that experiments should be valid, fair, and reliable.

i) Valid: The test answers the testable question.
i) Fair: We can only change one thing at a time in a fair test.
iii) Reliable: The data from each trial is similar so we can trust it.

Purpose

b) Work through the example on the slide as a class before sending the
groups to design their tests. Use a combination of turn-and-talks and
whole class discussion to reason about if this test is valid, fair, and
then reliable just using the description and data table.

McKayla, Alisha, and Thomas are testing 557
EXAMP[E magnetic strength of four different magnet -/t“" HGe
shapes using paper clips and washers. washers paperclips

Mini-Lesson

Examine their data table.
Is the test valid?

Magnet Shape Trial 1 Trial 2
Horseshoe 44 paper clips 42 paper clips Is the test fair?
l O‘ Bar 17 paper clips 15 paper clips : e
Donut 37 washers 35 washers Is the test reliable?
Turn-and-Talk Do you get thes
Rectangle 35 washers 70 washers

What feedback do you have for this group to improve their test?

" ‘ Possible student responses: Note that students might see how validity,
"-DQ fairness, and reliability are connected or related.
- The test is valid because it does test strength BUT it is not valid because
Share & Discuss we can't really answer the question because they used paper clips and

washers so we can't tell for sure which magnet is strongest.

- The test is not fair because they changed the magnet type and the items
they picked up. They should choose paperclips or washers, not both.

- The test is not reliable because they did not get similar data for the
rectangle magnet, 35 and 70 are pretty different numbers. They should do
another trial to have three numbers to compare to see if data is similar.

2) Explore: Create a plan with your group and try it.

a) Students work in groups based on interest in a testable question from
Part 1. They bring their notebooks where they jotted ideas at the end
of part 1 to use in discussion with a group to make a plan for their test.
Once a team feels like they have a reasonably solid plan, ask students
to raise their hands for a teacher check-in before getting materials.
(Note: Students may not know if their plan will work until they try it, but
they should agree on a first draft before getting materials to try it.)

Teamwork
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Experiment
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Lesson 9

b) Groups make adjustments to their tests as they make attempts to
collect data. As they work, circulate and ask groups how they know if
their data will be...

i. ...valid? How will this data answer your question?
ii. ..fair? How do you know the data is fair?
iii. ...reliable? How will you know if your data is reliable?

c) Groups can record preliminary data; however, some groups may still
be revising their test procedure. Tell students that they can take some
data today but they will have time to do their official test and collect
their “real” final data tomorrow.

3. Summarize: Evaluate current tests for validity, fairness, and reliability.

Have groups share out to the class how they think their test is valid, fair,
and/or reliable. They can also share stuck points where they fixed
something to improve their test to make it valid, fair, or reliable. This could
be done in a Hands-Down Discussion circle (student-led) where students
summarize their test and justify how it is valid, fair, or reliable.

Students should leave today with a solid idea of any changes they still need
to make to their test because tomorrow they will collect their “official” data.

Example from Part 2
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This group was interested in seeing if magnets attracted underwater (“Can magnets still work
underwater?”) Their original plan was using a plastic bag but after discussing it together decided
an empty container would be better because a bag of water might spill and make a mess. At one
point in their design process, the group didn’t have a way to measure or count any data but had a
plan to make a “yes/no” data chart and test all the magnets in the materials box. Then they
decided to attract paper clips and they could count those. The teacher suggested they do the
same test on ‘dry land’ to compare so they really could see if water affected how magnets worked.
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Part 3: Collect Data and Create Graphs

_‘@ 1.) Launch: Orient students to an idea. Tests are valid, fair, and reliable.

Tell students that today they will perform their tests and collect their “official”
data. Remind students that scientific tests must be valid, fair, and reliable. In
particular, as they collect data today, what might be evidence that their test is
rellable or not’? Use the example in the slldes to taIk about rellablllty brleﬂy

In just a moment you willl
1. Join your group. Title and date a How strong are magnets?
new page in your notebook How many paperclips did each magnet pick vp
' Trial1 Trial 2 Trial 3
2. Decide how ‘to write down data.
Vill you make a data table, a list, or other way? donut 75 ?Tr' 72
Mini-Lesson 3. Gather your materials. Set
up your test horseshoe 38 41 15
W 4. Collectand write down data bar 7 15 7
I for each trial.
I tangl 101
B 5. Check your data. Are your e C >

results reliable? 1y soch test

times. Do you get similor data in each trial?

We know data is not reliable if...

e We don’t have at least 3 data points for each test. Multiple numbers for one
test makes it possible to compare and determine if the numbers are similar or
not. In the example, there is missing data from the rectangle magnet. With
only one result of 101, we can’t be sure if this is a reliable result.

e If we do have 3 data points for a test, the numbers should be close or similar.
If not, then the data is not reliable. If the numbers are really far apart, that
signals that something in the test might need to be revised. In the example,
the horseshoe magnet picked up 38, 41, and then 15 paper clips. What
happened during these tests that might explain the difference? The scientists
can redo the test to see if results are closer to 40.

2.) Explore: Groups perform tests, collect data, and graph results.

a) Groups make adjustments to their tests and collect their official data.
As groups work, circulate and see how groups and students are
Experiment deciding to record data. Ask students about the data they have
recorded so far. How do they know their test is valid, fair, and reliable?

- :& b) Once groups collect data, they create a pictograph or bar graph of
=1=1% their data to show their results. Depending on the needs of the class,
Record Data students could work on this:

e Individually with some support from their team/group. Encourage
students to help each other and offer help if someone looks stuck.

e Most of the class works individually, and the teacher pulls a small
group of students who are having trouble getting started to work with
them in a more guided practice way.

) e Create graphs as a whole-class guided lesson. Students might be

Display Data comfortable making bar graphs on their own, but may need a

mini-lesson for creating pictographs (or vice versa, for whichever graph
seems tricker for students to create).
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/—C] 3. Summarize: Coordinate ideas about visual displays of data.
1] . .
\ 2 Write each testable question on the board and have at least 1 student from
...{5? each group post their graph on the board under their testable question.
) Discuss test results to reflect on how each group did on having a valid, fair,
Share & Discuss  and reliable test (valid and reliable might be the most obvious from a graph).
[+] %] As time permits or as an extension into a math lesson, zoom in on one graph
-] =] under the document camera and ask questions (or have students ask

questions) about it. Ask questions that require one- and two-step "how many
more" and "how many less" problem-solving using information presented in
Math Connection bar graphs or pictographs.

Examples from Part 3

| ; o\ o TISSlen T

O o ODDO DOO O .....
Rﬂ...do.r;

000 9p 6600

Domut | 0000000 00 00D0OO66 | |

bar 0050000000606

Students created bar graphs and pictographs
of their data then got feedback from their
peers. In the pictograph above, group
members suggested this scientist add a key
to tell the reader what each circle represents.
On other graphs, common feedback included
things like labels for the graph to tell the
reader what the numbers mean and a graph
title. Other comments were about accuracy of
graphing (e.g. the data table said 17 but the
bar only went to 15).
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Lesson 9

Step 4: Publishing Scientific Work

The slides for this lesson and the plan below are geared towards a robust writing task
of a scientific paper, around 3-4 pages plus graphs students made in Part 3. This will
likely take 2-3 days, depending on if you include time for peer feedback. It is a nice
way to review essay writing using evidence. Alternatively, students could write a
conclusion paragraph (1 day) with an intentional focus on identifying claims and
evidence (use slide 30 to show claims and evidence examples).

Teacher
Decision Point

=)

Purpose

Mini-Lesson

S

= 4

1. Launch: Orient students to a new idea. Scientists write with structure

a.)Tell students they will decide how
their evidence answers their
testable question and will have
time to publish what they figured
out from their investigation.

b.)Clarify purposes for writing:
Remind students that there are
different kinds of science writing.
Some writing is for processing
new ideas and just for our own
thinking. Other writing is formal
and shared with others.

c.) Examine the organization of a
mentor text: Use the slides to
show the anatomy of a formally
published scientific paper from
the Journal of Applied Physics.
Students might make connections
to how they have structured and
organized writing with different
headings themselves.

2. Explore: Draft an organized report.

It might sound like this:

You've collected and displayed data
to answer your testable question, so
today you'll have time to communicate
what you figured out with others.
Scientists do this by publishing.

There are many reasons why
scientists write. Scientists jot notes
everyday about their ideas or their data
in notebooks to help them think. This
writing is not shared with others and is
similar to what you do as scientists
during our quick write at the end of our
science lessons.

Another type of writing scientists do
is a formal, structured essay which they
publish so other scientists learn from
their work. This writing is organized into
sections. Each section has a purpose to
help the reader understand something
about their investigation (see slides to
quickly review sections and purpose)

Your job today as scientists is to try
this structure and write about the
investigation you did with your group.

Science Writing Send students off to get started drafting their manuscripts.

Teacher Move:
Circulate & Notice

e Is a student stuck getting started? Provide a suggestion. Suggest that
students choose which section to draft first and then can put the sections in order.
It might be easier to get started with the procedure because it is retelling what
they did in their test, move to results, then other sections.

e Notice and confer where needed. Do some conferring with students to keep
them focused on moving their writing forward. Jot notes on areas of need and
also examples of how students are achieving the purpose of a section (e.g. an
introduction where the author is really careful to not include everything).

Think Time

3. Summary: Self-assess your draft.

Have students read what they have written so far:
- What did you try today? What part makes you feel proud?
- What’s one way you helped your reader understand your investigation?
- What is one next step for you in your writing?

Developed by C. Colley, PhD ccolley@rentonschools.us, with Grade 3 teachers and students at Sartori Elementary, Renton Public Schools

© 2019 under a Creative Commons Attribution NonCommercial-ShareAlike 4.0 International License. Available at www.AmbitiousScienceTeaching.org



https://docs.google.com/document/d/1ayM7JC9hUiXDhvfDOmPJsmrS32AlJO1euXs5vW_OG5U/edit?usp=sharing
https://docs.google.com/presentation/d/1kU6WJ0-xH_jU8UlgLX7ROosG80JNOHUH6sGr59hhHWo/edit?usp=sharing
https://docs.google.com/presentation/d/1kU6WJ0-xH_jU8UlgLX7ROosG80JNOHUH6sGr59hhHWo/edit?usp=sharing
mailto:ccolley@rentonschools.us
http://www.ambitiousscienceteaching.org/

Forces Make Things Move, Grade 3: Non-Contact Forces Lesson 9

Extension: Analyze student writing & provide feedback

At the end of writing time today, look over student writing (in-progress) and
notice what students are doing in the introduction, results, and conclusion.
Consider which section might be a good focus for a mini-lesson tomorrow as
students continue work and begin to reread/revise.

Teacher o Introduction: Are students writing EVERYTHING they know or NOTHING
Decision Point because they aren’t sure what to include? Note how students tackle the

introduction. This could be a mini-lesson tomorrow before students resume
drafting and begin revising. Students either write everything they know about
magnets or they do not write anything because they are not sure what should be
included/excluded for the reader. Students can use their testable question to help
filter information. For example, if their testable question was about a magnet’'s
strength, sort what you know about magnets and see what ideas help explain
strength. Knowing that that earth is a big magnet is likely not closely related to a
small magnet’s strength so that fact would not need to be included.

o Results: How are students writing about their data? Often students have no
problem writing about what they did (procedure) but can be overly specific in their
results, listing every single data point. Something students could try instead is a
summary of the data which includes the high point, low point, and a description of
a pattern or trend in the data. Results can also include statements about the tests
reliability or fairness so that the reader can trust the data.

o Conclusion: Are students writing a lot of claims without evidence in the
conclusion? Students may be quite proficient at sharing their ideas and their
current thinking to answer their question but are not yet including specific evidence
to support their claims. This could be another option for a mini-lesson tomorrow to
target students to focus on how they are including evidence in their conclusion.

Begin tomorrow’s science time with a mini-lesson on one of the sections

above (see slide for example revision as a mentor text). If you can’t decide on
Extend & a section to target, start with the conclusion because students wrote claims
Follow-up with evidence earlier in the unit and this can continue that learning now.

Additional extensions could include peer feedback about a specific section
(the section targeted in the mini-lesson, for example, the claim-evidence
writing in the conclusion). Can you find your partner’s claims? What are they?
What evidence does your partner provide for these claims? What might they
add or change to convince the reader their claims are true or accurate?

Examples from Part 4

—
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JIOIRE QUIESTIONSY

What else do you wonder about magnets?
Write each question on a NEW sticky note.

b .

donut horseshoe  bar rectangular

Lesson 9 Slides
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ISGIENTIEIGINVESTIGATIONS

Scientific investigations Note.
help US answer TQSTGb'Q Think about “testable” given our
queSﬂOﬂS, time, money, and materials that

we have available to us.

Some questions are testable but

L.-J We can answer OThel’ because of our time, money, or
| | quesﬂons Wl"'h reseOI’Ch material constraints, we can't do

the test. Then, we can find
answers from reading about
other people’s experiments

Some questions can be answered  (esearchible)
with both tests and research!

MESTAELE, RESFNREAEHE, OIR [B0lZ

Is the question testable, researchable, or both? Discuss and justify your claim.

What'
Do magnets Are all metals S “trj;—t) S the
still work magnetic? ma gest
water? gnetin the
under o
.
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SOIRIING OUIR CUIESINONS

Testable Researchable
| can plan and design a test BOTH | can read books, watch
to collect data to help me videos, or find articles to help
answer my question. . me answer my question.
Not sure?

Place your stickies here —

Testable

What are our clusters or themes

I can plan an ign a test
can plan and design a fes of questions?

to collect data to help me

answer my question. Write a testable question for

each cluster of sticky notes.
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donut horseshoe

f e
. ==/ STnng bar rec’rgnq‘ulcr water
S
tape magners pencil box
I graph ~ desk
ruler ,.
Wit BOPEr books
\ 4 ,? Vi

washers paperchps

NOTEEQOKTING

1. Choose a testable question that interests you.
2. Title and date a new page in your hotebook. Write your testable question.

3. Sketch and draft a plan for how you might do an experiment to answer
that question.

Testable Questions 02-26-20 )
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A\
TESTAENH
QUESTTION,

Part 2

ISCIENTIEIGINVESTIGATIONS

Is the test valid? Valid: Does your investigation help

The test answers the question you answer your question?

| S ’rhe test foir') Fair: If you change the magnet,

onlv ch thi ’ (variable) nothing else changes! Or keep the
: y,:.: ange one Thing tvariable magnet the same, but change 1

araftime. other thing!

Is the test reliable? Reliable:Do you get similar results

Try it 3 times. Do you get the same  Oh each trial? Did you try it 3 times?
or similar data in each trial?
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SEIENIHG IESTIGATIoNS

McKayla, Alisha, and Thomas are testing =55
MMPIE magnetic strength of four different magnet -’t“’ 7%
shapes using paper clips and washers. washers paperclips

Examine their data table.
Is the test valid?

Magnet Shape Trial 1 Trial 2

Horseshoe 44 paper clips 42 paper clips Is the test fair?

Bar 17 paper clips 15 paper clips

Donut 37 washers 35 washers Is the test reliable?
Rectangle 35 washers 70 washers

What feedback do you have for this group to improve their test?

1

SCIENTISTRTEIMS]

Q Q Q
* * *
* * *
* * *
* * *
Q Q Q
* * *
* * *
* * *
* * *
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PAMTERIATS

donut horseshoe

bar  rectanqgular water
Sy, (/
magners ’e=m  pencil box
<1
I graph ~ desk
ruvier
————— PApEr books
/_ V. e Treat materials with respect.
,/\-' /?xf e Clean up our learning space when we finish.
\ o e Check with the teacher if you want to add
washers pa perchps another material.

Ve /3 PR CRTee] TAOWIR TV

1. Share your ideas from yesterday. Make a plan as a team to collect data
to help you answer your question. Data for this test needs to be numbers like
measuring or counting something.

2. Make sure your plan for your test is:
Is the test valid?  The test answers the question
Is the test fair? Only change one thing (variable) at a time.
Is the test reliable? Try it 3 times. Do you get similar data in each trial?

3. When you have a solid draft, raise your hands so the teacher can approve
or give feedback before gathering materials.
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TR CURSRIAN KB EROLEMENTS

MATERIALS

e Treat materials with
respect.

o Check with the teacher
if you want to add
another material.

e Clean up our learning
space when we finish.

TEST OUT YOUR PLAN

e Does your test work as planned? What
adjustments or improvements will you make?

e Isyour data valid, fair, reliable? How do you know?

TODAY Make sure your test is valid, fair, and reliable.
TOMORROW You will collect your official data.

NOTEEQOKTING

If you haven't already...

1. Date a new page in your notebook and write your testable question.

2. Quickly sketch and jot the basic steps to your test in a list or flowchart
("how-t0") so that you remember what to do.

3. Write about how you know your test is valid, fair, and reliable.

Is the test valid?
The test answers the question

Is the test fair?

Only change one thing (variable) at a time.

Is the test reliable?

Try it 3 times. Do you get similar data in each trial?
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Part 3 m

COLIEGINQURIDATL

In just a moment you will...

1. Join your group. Title and date a
new page in your notebook.

How strong are magnets?
How many paperclips did each magnet pick up?

Trial 1 Trial 2 Trial 3

2. Decide how to write down data.

Will you make a data table, a list, or other way? donut 75 77 72
3. Gather your materials. Set
horseshoe 38 1 15
up your test.
4. Collect and write down data bar 7 7

for each trial.

15
e e /
5. Check your data. Are your rectangl 101 .

results reliable?1ry each test 3

times. Do you get similar data in each trial?

Lesson 9 Slides

Developed by C. Colley, PhD ccolley@rentonschools.us, with Grade 3 teachers and students at Sartori Elementary, Renton Public Schools
© 2019 under a Creative Commons Attribution NonCommercial-ShareAlike 4.0 International License. Available at www.AmbitiousScienceTeaching.org



Go¥

1. Join your group. Title and date a
new page in your notebook.

How strong are magnets?
How many paperclips did each magnet pick up?

Trial1 Trial 2 Trial 3
2. Decide how to write down data.
Will you make a data table, a list, or other way? donut 75 n 72
3. Gather your materials. Set
horseshoe 38 41 15
up your test.
4. Collect and write down data bar 7 15 7
for each trial.
rectangle 101
5. Check your data. Are your °

results re"able?Try each test 3

times. Do you get similar data in each trial?

19
SRAINGIDAN
EXAMPLE We count how many Skittles we have of each color we have.
""" 3 Here is the same data, two ways:
o - — Skittle Frequency Pictograph

Red 0000000

Orange 000¢

Green 900000

Purple 0000

® = skittles

20
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GRAIPH

Choose how to represent your data from
today’s test.

1. Will you make a bar graph or a pictograph?

2. Sketch your graph on an index card.
Remember labels and a title!

GlOSINGIINANZHRESUNTS

DISPLAY GRAPHS UNDER EACH QUESTION “‘_‘_,',J_\ E

I Iy
1. What was challenging about making the graphs?

2. Look across the graphs by question. What do you notice?

3. How does this data help answer the question?
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Sl 1)/ HGINJUENRNINELATHINGS'S
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SCIENTISTSIVRITRWITHSTRUGIURE

Title Year Authors

BACKGROUND

What information does

DISPLAY DATA

Using diagrams,

CONCLUSION

Explain what they

thereader need? ,

of gt parcie chsen S

Atetiras amd }
PICTUrTS, anugirapiis

£fiaurad-outl
HgureaodtT

[

“=====Testable
question

i
(BN

|

/

& m:: o

THANK YOU

Scientist thank people
who helped them!

TITLE PAGE

What did they do? + set-up diagram Using sentences

SCIENTISTSYWRITRWITHESTRUGIURE

TITLE PAGE DATA AND RESULTS

Title, Authors, Year Include a data table and/or graph of your data.

Describe what happened in sentences.
INTRODUCTION

What background information does the
reader need to understand your
experiment? Also, include the question
you are investigating here, too!

PROCEDURE

What did you do in your test?
Write sentences to describe “how-to.”
Sketch a diagram to show the test.

CONCLUSION

Summarize what you figured out.
CLAIM + EVIDENCE statement

ACKNOWLEDGEMENTS

Thank people who helped you with learning new
information, doing the experiment, or helping
with improving your science writing.
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OF
SCIENTIEIARIRER

INTRODUGETIENJBNEKEROUNDIINEORIMTTIEN!

What background information does the reader need to understand your experiment?
Select information related to your question, not EVERYTHING you know.

N

What parts h
elp us
Understang Strength?

Which magnet

Introduction

REVISED INTRODUCTI“ ke
Which magnet @

Introduction

Magnets are so interesting. Magnets have north and sout
poles that help them attract or repel each other. Magnets

Magnets are interesting because sometimes they push
each other apart (repel) and sometimes they pull

come in different shapes and sizes but they all have some
special metals in them like iron, steel, cobalt. Magnets have a
magnetic field around them which is like a zone or distance
around them where they can pull paperclips to them. Did you
know magnets attract iron powder? We did it in class and it
was awesome. Another thing Tknow about magnetsis that
the Earth is a big magnet which is why compasses work to
point north. And then we learned about how magnetscan
break by heating them or dropping them. T know this because —

the world was but my group asked which magnet is
strongest.

together (attract). This happens because magnets
have north and south poles. If opposite poles of two
magnets are near each other, the magnets will attract
or pull together with afot of force. When a magnet

attracts another magnet, we ca
or weaker by how many magnetic objectsitattracts.
We used this information to plan a test to figure out
which magnet has thr question

was, “Which magnet is strongest?”
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RESUITS:LY A AT 4

Describe what happened. Share your data (numbers) and graphs. Tell the reader what the data is.

Which magnet is strongest?
Results

donut shapes. It was really hard to keep the paperclips

We tested each magnet: rectangle, bar, horseshoe, and

Uses specific data (numbers).  Tells why we can
Tells high and low data points.  trust the data.

Results

We tested four shapes of : angle, bar, ;
B horseshoe, and d . We did our test 3 times ake

to stop sticking to all the magnets during the test.
Paperclips made of plastic wouldn't work. The
rectangle had the most.

Magnet  Paperclips
Horseshoe 38,40, 41

Rectangle 101,97, 99
Bar—15,17,16
Donut—75,75,76

sure our data was e. The rectangle ma

up the least (15 clips).

Magnet Paper clips
Horseshoe 38, 40, 41
Rectangle 101,97,99
Bar—15,17,16
bPonut—75,75,76

CONGLUSION

Explain your claims using evidence. Then summarize or recap what you found.

CLAIM +EVIDENCE

What s the

| supporting evidence?
Conclusion .

I .
O\
. V)

Which magnet is strongest? | our question')?/r\}zwter to
g at’s the

Which magnet is strongest?
Claim
What we think

Evidence

Conclusion PP How we know

The strongest magnet is the rectangle because it
had the most paper clips. We tested it so that's how

~ we know. | think rectangle is the strongest because it
probably has some special material that has extra
magnetic force to make it stronger. | don't think it's
the shape or size that causes strength because my
cousin has these tiny circle magnets that are super
strong. So the size or shape might not cause
strength, it is probably the material the magnets are
made of that makes one magnet stronger than
another magnet. Magnets are in different shapes and

Our experiment found the rectangle magnet was
the strongest because it held the most clips. The
rectangle is also the biggest so maybe bigger
means stronger, but | read, “Bigger magnets are
stronger, but not always.” So | think what the
magnet is made of makes the magnet stronger.
My cousin has two tiny magnets that are super
strong and they are made from a different metal.
So maybe the material caused the rectangle to be
stronger. In conclusion, we found the rectangle is
~ the strongest magnet. However, this might not be

sizes and strengths.

true if we test more magnets.
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Forces Make Things Move, Grade 3: Non-Contact Forces

Lesson 10

Lesson 10 Solving Simple Problems with Magnets

In this lesson, students discuss possible solutions for a few simple problems
before brainstorming their own list and developing a solution that addresses
criteria and constraints.

Purpose

Learning
Target

-

’;’g*._?:f?’ff%f?
Pl 1.1 e

Materials

1 s
2
3

Lesson Step
Summary

e Students use their knowledge of magnetic properties to develop and
communicate a solution to a simple problem.

Focus question
How can we use our knowledge of
magnetism to solve simple problems?

Learning Target

| can use what | know about magnetism
to solve a simple problem and
communicate my solution to others.

For the class:
- Lesson Slide Guide (GoogleSlides)
- Chart paper and markers, sticky notes

Per student:
- Science notebooks

NGSS 3-D

SEP: Asking Questions and Defining Problems
Define a simple design problem that can be solved
through the development of an object, tool, process, or
system and includes several criteria for success and
constraints on materials, time, or cost.

SEP: Constructing Explanations and Designing
Solutions Generate and compare multiple solutions to
a problem based on how well they meet the criteria
and constraints of the design problem.

CCC: Cause and Effect Cause and effect
relationships are routinely identified.

Optional: If students are doing the
extension to build and test their solution
Materials table:
- various magnets
- other common school supplies (paper
clips, rulers, rubber bands, string, etc)
that might be used in their design.

1. Launch: Orient students to an idea: Design criteria and constraints.
Today students will use what they know about magnetism to propose
solutions to simple problems. Introduce new vocabulary. Use examples
provided to step through 3 simple problems, discussing possible solutions
and how solutions address criteria and constraints.

2. Engage: Exploring Solutions: Individual planning
Brainstorm a list of simple problems as a class. Students pick one they would
like to solve and individually develop a plan to solve the problem using what
they know about magnets and magnetism.

3. Summarize: Partner Feedback Listen and respond
Students pair up and share their designs. Listening students consider how
to respond: recap, clarifying questions, offering a suggestion, making

comparisons, etc.

Optional Extension: Build, test, and refine designs for the simple solutions
Students prototype (build, test) and refine their designs for these simple problems. They
could work in partners/teams particularly if the problem they solved is not feasible to actually
build given some constraints like time, cost, materials, location, etc. Once completed,
students could present solutions to the class or do an A/B gallery walk (A’s stay, B’s wander;

then switch) to show their solutions to their peers.

Developed by C. Colley, PhD ccolley@rentonschools.us with Grade 3 teachers and students at Sartori Elementary, Renton Public Schools

© 2019 under a Creative Commons Attribution NonCommercial-ShareAlike 4.0 International License. Available at www.AmbitiousScienceTeaching.org



https://docs.google.com/document/d/11i-vKyHi9fz79OtwZinXHRqJfWLnU8ow2rzlwQVi07k/edit?usp=sharing
https://docs.google.com/presentation/d/1O6iHHFIUo23N1umw6PuCyn3o79X_4XRsohHNKgl_tpI/edit?usp=sharing
mailto:ccolley@rentonschools.us
http://www.ambitiousscienceteaching.org/

Forces Make Things Move, Grade 3: Non-Contact Forces Lesson 10

- @ 1. Launch: Orient to an idea Design criteria and constraints

a) Tell students that today they will get to use what they have learned about
Purpose magnets to propose solutions to simple problems.

b) Introduce two new science words by telling students that engineers solve
problems and they have to work within constraints to address the design
criteria to have a successful solution.

Criteria are the rules a good design must follow to be successful.
Constraints are the boundaries or limitations (time, cost, materials).

Science Words ¢) Using turn-and-talks and share-outs discuss the 3 simple problems
provided in the slides. Provide opportunities to talk about how the
possible solutions address the criteria and work within the constraints.

Possible responses/discussion of sample problems might include:

#1: The lanyard that holds teachers’ badges could be replaced with a magnet and
piece of iron or steel. One piece of magnetic metal goes inside the badge sleeve

Turn-and-Talk with the badge and a flat magnet can be placed on the inside of the shirt to hold the
badge onto the shirt.This works because we know magnetic force pulls through
different materials. It should be a stronger magnet, not like our weak bar magnets.
The magnet needs to be flat or else it might feel uncomfortable to wear.

— - Criteria: Probably won’t damage clothes as long as it’s not delicate fabric. It is
wh % l:l easy to wear as long as the magnets are not too big or heavy. Badges should
\ P+ stay on the shirt because magnetism can work through things like fabric.

_’9 - Constraints: A small magnets and piece of magnetic metal are inexpensive so
it's under $2. The solution uses magnets. It would be quick to make.
Share &
Discuss #2: The door that won’t shut could be held shut with two magnets. Glue one on the

door and one inside the door so that they touch when the door is shut. Make sure to
glue them so that opposite poles are facing each other because then the magnets
will attract or pull together which will keep the door shut.

- Criteria: This solution would keep the door shut as long as the magnets are
installed with opposite poles facing each other. If the magnets are small, the
strength between the magnet should be easy to pull against with one finger but
strong enough to hold the door shut.

- Constraints: The solution uses magnets. The cost of two small magnets should
definitely be less than $5, especially if the magnets are from the Dollar Store.

#3. One solution to keeping the bag up requires four magnets. Place a magnet on

the outside of the trashcan near the top and place the other magnet on the inside of

the can, near the top, so that the magnets attract, holding that side of the bag up.

Repeat on the other side of the can.This works because magnetic force can pull

through different materials like the plastic can and plastic bag.

- Criteria: This solution should hold the bag up and is easy to change -- just pull
off the magnets before removing the bag.

- Constraints: This solution is quick to install, just snap 2 magnets together on
each side of the can. It might waste magnets if a magnet falls in the trash. It
costs $4 or less because | know the Dollar Store sells magnets.
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Forces Make Things Move, Grade 3: Non-Contact Forces

2. Explore: Brainstorm problems. Pick one. Design a solution

a) As a class, generate a list of simple problems that students encounter in
their classroom, school, or at home that they think could be solved with

their knowledge of magnetism.

Think Time

If students are having a hard time thinking of problems, here are a few to

get started. Add more to this list:

- Pencil box won'’t stay closed. (Some pencil boxes are hard to open and close
so they could get a new latch. Magnets could also help pencil boxes stay closed)

- Projector remote or the TV remote is hard to find. (We never know if the
remote is on the teacher’s desk, the document camera table, on the whiteboard ledge
or sometimes falls on the floor! At home, the TV remote is never in the same place and

sometimes it gets lost in the sofa.)

- We can’'t hang work in the hallway easily. (We don’t have full bulletin

Quick Write and constraints.

Circulate as students work on designing
their solution. Help students get started
with their ideas by sketching or writing.
Back P(_)cket (If you plan to do the optional extension
Questions where students build and test their solutions,

make note of students who selected the
same problem. This will help make groups.)

boards in the hallway. How could magnets help us easily display work in the hallway?)

b) Tell students to pick a problem they would like to solve. Share the
criteria and constraints for their designed solution. Give students time to
draw and write in their notebooks about the problem and their proposed
solution. Remind students to justify how their design meets the criteria

Back Pocket Questions
= Which problem did you choose?
= How can magnets or what you know
about magnetism help solve this

problem?

= How does your design meet our
criteria? our constraints?

/—l,__l 3. Summarize: Partner Feedback Listen and respond to compare solutions

-5

a
[ T
\ .‘) Students pair up and share their designs. Listening students consider how to
respond: recap, clarifying question, offering a suggestion, making comparison etc.
These sentence starters can support partner talk:

Share &
Discuss Student sharing Student listening and responding
| chose the problem... I heard you say your solution will...
My solution is... What's your next step?
The next thing | plan to do is... | think your solution meets the criteria because it...

Your solution is similar to mine when...

NEXT DAY Optional Extension: Build, test, and refine designs for the simple solutions

Students prototype (build, test) and refine their designs for these simple problems. They could work in
partners/teams particularly if the problem they solved is not feasible to actually build given some constraints like
time, cost, materials, location, etc. Once completed, students could present solutions to the class or do an A/B
gallery walk (A’s stay, B’s wander; then switch) to show their solutions to their peers.
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CRITERI & GOWSITRAIIS

Solutions to problems must
. address all the design
criteria to be successful.

Solutions must fall within
any constraints. Time, cost,
and materials are common

constraints.

CRITERIA

What you must do
Requirements
Rules

CONSTRAINT

What you cannot do
Limitations
Boundaries
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SIMEIREROEIE ]

Teachers must wear badges. Many teachers wear their badges
ona around their necks. But the badge hangs and gets
in the way when teachers bend over or carry boxes. Teachers
need a better way to wear their badges. How could teachers
use magnets to solve this problem?

§w CRITERIA CONSTRAINTS

x Design is successful if it meets Limitation or restrictions that

T all criteria: constrain our designs

& Ao D 3 Badge must be visible. O Cost: Solution must cost less than $2.
o Solution cannot damage d Time: Solution must be quick to make.

a

clothing or badge. d Materials: Solution must use a magnet.
1 Solution must be more

convenient than a lanyard.
[ Must use magnetism s

SINMEIREROBIENF

A cabinet door in the principal’s office won't stay closed. There is
nothing in the way pushing it open, but the door keeps swinging
open. How could the principal use magnets to solve this problem?

CRITERIA CONSTRAINTS
7 Design is successful if it meets all Limitation or restrictions that
criteria: constrain our designs

[  Solution must keep the door shut. [ Cost: Solution must cost less

[  Solution must allow door to be than $5.

opened easily with one finger. [ Materials: Solution must use
[  Solution can’t be too big. a magnet.
[ Must use magnetism
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SIMERIRERGEIENES

The garbage bag keeps sliding down inside the plastic garbage
can. When people throw away trash, it lands on top of the bag
instead of inside the bag. The bag won't stay up inside the can.
How could we use magnets to fix this problem?

CRITERIA CONSTRAINTS

Design is successful if it
meets all criteria:

Limitation or restrictions that constrain
our designs

4 Must keep the bag open 4
4 Must allow the bag to be [

changed daily (durable) a
A Must use magnetism 4

Cost: Solution can’t be too expensive.
Materials: Solution must use magnetism.
Materials: Solution can’t waste magnets.
Time: Must be quick to install.

[RRIATT PIROYVLERLS (P12 G SOUNE RN AAGHTESZ

Think about the classroom, school, or home.
What are some simple problems?
Could they be solved with magnets?

& Brainstorm and list simple problems.
Choose one you want to solve using

magnetism.

]

=

NOTFEQON
iMES

Write and sketch in your hotebook.
e What is the problem? Describe it.
e How will you solve it? Sketch and write.
e Do you think your solution meets the
criteria and constraints?

CRITERIA

Design is successful if it meets all criteria:
A Solution must solve the problem.
A Solution must be easy to use.

A Must use magnetism.

CONSTRAINTS

Limitation or restrictions:

A Cost: Solution is inexpensive.

1 Materials: Can’t waste magnets.

A Materials: Must use magnetism

A Time: Must be quick to use or install.

Lesson 10 Slides
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RARMINERSS ARG

SHARE
The | choseis... : -
My ideais... & :
CRITERIA A8

Design is successful if it meets all criteria:
[ Solution must solve the problem. RESPO”D .
O Solution must be easy to use. | heard you say your IS...
O Must use magnetism. Your meets the by...
Your is similar to mine in that...
CONSTRAINTS
Limitation or restrictions:

[ Cost: Solution is inexpensive.

A Materials: Can’t waste magnets.

1 Materials: Must use magnetism

4 Time: Must be quick to use or install.

S IRVOUT
< VOIRSOUORY

Builtit! Testit! Improveit!

Does your solution solve the problem?
What improvements do you need to make?
Show your solution to a partner.

ORTIONAIEMTENSION o
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Extensions: More about Magnetism

These extension ideas do not have accompanying lesson plans. Resources are linked below.

Purpose

Questions/Prompts in this Lesson

A Forces at work:
Mysterious Motion

1 day

Hands-down conversation

Watch the video clip and/or do the demo shown in the video showing
motion between a balloon and empty aluminum can. Have students
make observations, and then discuss:

Systems: How is the motion of the can-balloon system similar/different
than the motion of a paperclip-magnet system?

Cause-and-effect: Could the force between the aluminum can and
latex balloon be a magnetic force? Why or why not? How do you know?
What else would you need to know? Defend your position with
evidence from prior activities.

B The Earth is a Big
Magnet

1+ day

Reading: The Earth is a Big Magnet

What is the main idea of this reading?

What does the Earth’s magnetic field do for us?

What do you think would happen if the Earth was not a magnet?

Video: How Compases Work
Compare the information from the reading and the video: What
information is repeated? What is new information?

Hands-on: Make a compass
Follow the video guide to make-your-own compass; Use the thimble to
protect fingers while magnetizing the needle.

Video: Magnetizing materials
Examine a model presented in the video of how materials become
magnetized. How does this apply to our compasses?

C Manipulating
magnets: Using
magnets to store data

1 day

Video: How Magnets Store Data
What did the video say about how magnets store data?
What are some uses for magnets shared in this video?

Discuss: Real-world Problem - Hotel Card Key
How do you think the magnetic strip on the card key works?
What would help keep the card key working?

Extension: Make a Binary Bracelet

What patterns do you notice about the binary alphabet?

If we added another letter to the alphabet after Z, what do you think
the binary translation would be? Justify your thinking.

Decode each others’ binary bracelets using the alphabet code.



https://handsdownspeakout.wordpress.com/

%’ WHAT'S GOING
S ON HERE?

Figure out what's causing this
mysterious motion.

Extension A

COULD THE FORCE BETWEEEN THE ALUMINUM CAN AND LATEX BALLOON BE MAGNETISM?
WHY OR WHY NOT? HOW DO YOU KNOW? DEFEND YOUR POSITION WITH EVIDENCE,
4 ° )



https://docs.google.com/file/d/1egVqmL8v9090IIMSjkUAkuLcCz0c5Y4a/preview

HOW IS THE MOTION OF THE CAN-BALLOON SYSTEM SIMILAR OR
( DIFFERENT THAN THE MOTION OF A PAPERCLIP-MAGNET SYSTEM?

Extension A
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https://docs.google.com/file/d/1egVqmL8v9090IIMSjkUAkuLcCz0c5Y4a/preview

™ momrny, )
S mEERWISA

Wait, what?

Extension B

The Earth is a Giant Magnet

Our planet is a giant magnet. You can see this
each time you use a compass. The core of the
earth is made mostly of iron which makes
Earth behave like a giant magnet.

The Earth has 3 main layers. The crust,

Earth's invisible magnetic field is huge and mantle, and core. The core is made of iron.
extends far out into space to form a region
we call the magnetosphere. The Earth’s
magnetosphere deflects harmful particles
and rays to protect life on our planet. Not all
planets are magnetic (but all planets do have a
gravitational pull). Scientists think that one
reason we have life on Earth is because we
have the magnetosphere to protect us.

Sources: Jefferson Lab, Forbes, Scientific Am

Extension B
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https://education.jlab.org/reading/magnets.html
https://www.forbes.com/sites/trevornace/2018/04/04/we-finally-know-how-birds-can-see-earths-magnetic-field/#78cc190120e1
https://www.scientificamerican.com/article/salmon-use-magnetic-fieldbased-internal-maps-to-find-their-way/
http://www.physics4kids.com/files/elec_magneticfield.html
ccolley
Text Box
Extension B



You need:
- water
- 1non-metallic bowl
- 1piece of cork
- 1metal needle
- 1magnet
- 1small compass

Extension B
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https://docs.google.com/file/d/1xN8utO8hcrxAufzP-BFYW7BoWEtpDyh4/preview
https://docs.google.com/file/d/1s3KOtwVFLsblB6aX5LntwRr7S_2qryR4/preview

A

G :”./ i e
Pages 25-27 pages 12-13

Does the information help us answer today’s question:

CONIVBAKES OMBTHING
TURN INTO A MIAGKETZ

Extension B
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https://docs.google.com/file/d/184Ph2-Xu6Fr5LGrSVUlD6awCNAnSW4Sc/preview

WORD WISE

magnetic
. A piece of magnetic material can be
mognehze magnetized by rubbing it with one pole
demagneﬁze of a magnet in one direction. Another
way to magnetize a magnetic material
remggneﬂze is to run an electric current through it.
. . If a magnetized object falls or is hit hard\}
mognehzcmon enough it may become demagnetized. ‘”6
x
Extension B
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The Earth is a Giant Magnet e (

Our planet is a giant magnet. You can see this
each time you use a compass. The core of the
earth is made mostly of iron which makes
Earth behave like a giant magnet.

The Earth has 3 main layers. The crust,
mantle, and core. The core is made of iron

Earth's invisible magnetic field is huge and
extends far out into space to form a region
we call the magnetosphere. The Earth's
magnetosphere deflects harmful particles
and rays to protect life on our planet. Not all
planets are magnetic (but all planets do have
a gravitational pull). Scientists think that one
reason we have life on Earth is because we
have the magnetosphere to protect us.

The Earth is a Giant Magnet

Our planet is a giant magnet. You can see this
each time you use a compass. The core of the
earth is made mostly of iron which makes
Earth behave like a giant magnet.

The Earth has 3 main layers. The crust,
mantle, and core. The core is made of iron

Earth's invisible magnetic field is huge and
extends far out into space to form a region
we call the magnetosphere. The Earth’s
magnetosphere deflects harmful particles
and rays 1o protect life on our planet. Not all
planets are magnetic (but all planets do have
a gravitational pull). Scientists think that one
reason we have life on Earth is because we
have the magnetosphere to protect us.

The Earth is a Giant Magnet ¢

Our planet is a giant magnet. You can see this
each time you use a compass. The core of the
earth is made mostly of iron which makes
Earth behave like a giant magnet.

The Earth has 3 main layers. The crust,
mantle, and core. The core is made of iron

Earth's invisible magnetic field is huge and
extends far out into space to form a region
we call the magnetosphere. The Earth's
magnetosphere deflects harmful particles
and rays to protect life on our planet. Not all
planets are magnetic (but all planets do have
a gravitational pull). Scientists think that one
reason we have life on Earth is because we
have the magnetosphere to protect us.



And... Why would we need to?

Extension C

WHAT DO THESE ITEMS HAVE IN COMMON?

computer hard drive

cassettetape

VHS video tape

old computer discs

(Yes, these are all old.)

More importantly, they all use
magnets to store information!

Extension C
Developed by C. Colley, PhD ccolley@rentonschools.us, with Grade 3 teachers and students at Sartori Elementary, Renton Public Schools
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APPLY WHAT WE KNOW: REL WORLD PROBLEM

Or. Colley stayed at a hotel for a science
conference. She kept her magnetic hotel key card
in her phone case so she wouldn't lose it. When she
returned to the room at the end of the day, the
key card did not work! The front desk clerk
remagnetized the room key card and she
unlocked her door.

e How do you think the magnetic strip on the
key card works?

e What could Dr. Colley do so her magnetic
room key card will stay working?

Extension C
Developed by C. Colley, PhD ccolley@rentonschools.us, with Grade 3 teachers and students at Sartori Elementary, Renton Public Schools
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https://docs.google.com/file/d/1dDWkrVrQYSQfHNGlSgtEsuDF-gL65hIS/preview

EXTENSION: BINARY BRACELET

What do you notice?

FUN FACT

A group of four bits is called a nibble. A
group of eight bits is called a byte. How
many nibbles are in a byte?

A EOEE EEE[] N =O=m QOO0
E(EE EE(E
g .E“ “ED O mOmm 0000 What are the 3 letters represented here?
P mOE0 mmEm What's the message?

D mOEm mE(EE Q =mO=0d mmm[

E mOmm mOm0O R mOmg mm(m EOR[ E(EE ECEE [(EEE E(s] O=Em

F mOsm m00m S =00 mm0O

G mOmm =000 T =Omd m0ssm T H X

H =OEs OEEE U mOR0 mOEO0 (Thx = Thanks!)

| mOmm O=mQO V mOs0d s00Os

J m0sm Om(m W =00 mOOd

K womm Om0O X mOm0 Omms Use'rhebeodsTomo.keqbracelefwi'rh

[ mCEs OoEm Y =osg Omeg 1'2::_"3:9”9:5' :eflfo'lr'h:rrsfuldfrs\'rs

= — can figure out what your bracelet says.
Source:
https://icode.org/curriculum/course2/14/Teacher#Activity1
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https://code.org/curriculum/course2/14/Teacher#Activity1
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