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Unit Synopsis:

Students investigate a phenomenon of a flashlight that
stops working when it’s accidentally left on. Readings
and videos support students in making sense of data they
collect during hands-on investigations. Students learn
about how each part of the circuit works as well as how
energy is transferred and transformed within a circuit
system.  Throughout the unit, students have multiple
opportunities to create and revise their own scientific
models about the flashlight phenomenon in light of
evidence they collect from activities. Ultimately, the
model and explanation students create is of the flashlight
phenomenon; however, knowing the big science ideas
behind this system allows students to explain multiple
related events.
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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
R ,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
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[[ \i\\* practices, and everyone in the science education
entiOn {o E“ 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 e 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: Illusion 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.



TEACHER BACKGROUND
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Science Content Primer &

Explanation of Phenomenon

Read through the explanation provided in the next few pages. Jot down questions or uncertainties.
Consult internet resources to answer your questions, ask colleagues, and work together as a team to grow
your own understandings of the science content and the phenomenon itself. This knowledge primes you to

better listen and respond to student ideas in productive ways. Please feel free to revisit this explanation
throughout the unit to revise and improve your own understanding of the science content.
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PLANNING FOR ENGAGEMENT WITH IMPORTANT SCIENCE IDEAS

UNIT QUESTION: Why would a flashlight eventually stop working if it were accidentally left
turned on for a period of time?

PHENOMENON: [Mr./Ms.Teacher]| accidentally shoves the flashlightin a desk drawer and the
switch gets flipped on. The flashlight stays on inside the desk for a whole month (30 days).
When [Mr/Ms. Teacher]| goes to use the flashlight it doesn’t work anymore. What
happened? What caused it to stop working? What’s happening inside the flashlight or
parts of the flashlight that might cause it to stop working?

UNIT GOALS: By the end of the unit, students will combine some or all of the following
ideas to explain the flashlight phenomenon or other related events.

Structure and properties of matter (DCI PS1.A)
o Matter is made of particles too small to be seen, which give the material certain properties
such as electrical conductivity.

Energy can be moved or transferred. (DCI PS3.A)

o Energyis present when there is sound, light, or heat. Energy can be moved (transferred) from
place to place through sound, light, or electric currents.

o Electric currents are in wires and are evidence for the presence of energy (the flow of electric
current through a device).

o That energy has been transferred from place to place (e.g., a bulb in a circuit is not lit until a
switch is closed and it lights, indicating that energy is transferred through electric current in
a wire to light the wire filament).

Energy can be transformed and is conserved. (DCI PS3.B)

o Identify a device by naming how the energy will be transformed (e.g., a light bulb to convert
electrical energy into light energy, a motor to convert electrical energy into motionenergy.)

o Energy can be transferred from place to place by electric currents, which can then be
converted or transformed to produce motion, sound, heat, or light.

o Electric currents in a circuit may have been produced by transforming another form of
energy such as chemical or motion into electrical energy.

o The presence of electric currents flowing through wires can be causally linked from one
form of energy output (e.g., a moving object) to another form of energy output (e.g., another
moving object; turning on a light bulb).

v 1

TEACHER CONTENT EXPLANATION: The 5+o,%
(This is at a deeper level than what students will know by the end of the of o Flasklight system
unit. Students have deeply complex ideas about how circuits work and it is B

helpful to prime content knowledge to be ready to listen to students)
A big idea for this circuit system is the transformation
of energy from chemical (inside the battery) to electrical

energy (inside the wire or metal pathway) to other forms such L i

as light energy (light bulb), heat energy (toaster), or et | " /
motion/mechanical energy (fan or motor.) But these energy ‘\_/L/
transformations cannot happen unless the pieces are o
connected. A circuit is a system made of interconnected and 7o
Unit Overview & Teacher Content Primer 1 4™ Grade Circuits
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dependent subsystems. Without properly functioning subsystems and proper connections
made between the subsystems, the circuit will not perform its function (i.e. light a bulb,
spin a fan, rotate a motor, make a sound, etc.). In this case, we will explain a simple circuit
powered by a battery to light a small bulb. The subsystems of this circuit are the battery
and light bulb (wire is not a subsystem, but it is a pathway.)

First, the battery contains
stored chemical energy for the
circuit. Inside the battery there is
a chemical reaction happening
(between acids and metals)
which produces a difference in
charge between the positive and
negative terminals of the battery.
When the chemicals in the battery
have completely finished reacting
then the battery is dead because it
no longer 1is creating the
difference or imbalance in charge
between the terminals. During
the chemical reaction there is a
buildup of electrons near the
negative terminal of the battery.
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These negatively-charged electrons push away
from other negatively-charged electrons and try to
spread out because negative charges repel each other.
There is a barrier or separator inside the battery that
keeps the electrons from moving towards the positive
terminal. If this barrier or wall has holes in it (from
poor construction, dropping the battery, degradation
over time), then the battery stops working because the
electrons can all spread out evenly and there are no
electrons that build-up on one terminal of the battery.

When a wire or other conductor connects one terminal of the battery to the other, the
electrons are free to bump into and repel the electrons that are in the wire. These electrons
in the wire bump into and repel each other all around the wire until the electrons bump into
the positive terminal of the battery. If the battery is left connected to a bulb for along time
then the build-up of charges from the chemical reaction eventually evens out as the chemical
reaction runs out of each kind of chemical in the battery. When there is no chemical reaction,
there is no more buildup of electrons; therefore, there is no electron “flow” through the
circuit because there is no longer an imbalance in charge.

Unit Overview & Teacher Content Primer
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Copper wire is typically used as a conductor to connect the battery with a light bulb.
The copper wire has millions of electrons that are free to bump around inside the wire. “Free”
electrons means there is an available outer valence electron in each atom in the wire. Copper,
silver, and gold each have one free valence electron. The negatively- charged electrons in
each atom are evenly paired up with the positively charged protons in the nucleus of the
atom and so spend their time attracted to and zooming around the nucleus. However the
outer valence electrons are farthest from the positively-charged nucleus and are more likely
to be bumped or repelled out of place by an incoming electron from a previous atom.
Although the bumping of electrons only proceeds slowly (one individual electron only moves
about 5.5 inches per hour), the energy transfers at light speed. This is like the billiard ball
analogy where several balls are in a row and one ball hits the end of the row pushing the
ball at the far end out. Although the individual balls in the row do not move much or very far,
the energy is transferred through them very quickly.

free electrons from outer
shells of metal atoms

Electron
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- omextafomit. flies tothe,

Flow of Electricity
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Plastic (like is used to wrap wire) or glass (like the ball inside a light bulb) do not
allow electricity to pass through them easily because of how the electrons are arranged in
the outer valence (insulators typically have 5 or more outer valence electrons as opposed to
the 3 or fewer found in conductors.) In insulators, the electrons are tightly held to the atom,
there are no free electrons available bump and transfer energy.

When connected properly, the electrical current
flows through the support wire, through the smaller
filament wire and then out the other support wire to leave
the light bulb in order to balance the charge difference
created in the battery. The thin filament
wire glows because it is a smaller wire (higher resistance)
than the previous wire and the electrons that are bumping
all are trying to bump and repel each other through the
smaller wire which results in something like friction that
converts some of the electrical energy into heat and light.
Light and heat are emitted from the glowing wire because
of how the electrons transfer energy and bump through
the thin wire.

Unit Overview & Teacher Content Primer 3

Incandescent Lamp

Filament
Nitrogen or
argon gas

Lead wires

The incandescent lamp is the oldest and most common type of
lamp. Light is emitted when electricity flows through—and
heats—a tungsten filament.

4t Grade Circuits
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Circuits only perform transformations of energy when the subsystems of a
circuit are connected in a particular way that allows the flow of electrons to move
from the negative battery terminal to the positive battery terminal alleviating the
imbalance in charge created by the chemical reaction in the battery. When
connections are improper the circuits will either not work, or damage subsystems in

the circuit system (like short-circuiting the battery).

ADDITIONAL BACKGROUND KNOWLEDGE RESOURCES:

Electricity & Charged Particles - “Electricity and Circuits” by ScienceOnline -
Teacher background reviewing atomic structure and charges and different circuits.
This is not a focus for students in this unit; however, students may wondering about
why current flows a certain way. This information will help you._
https://[www.youtube.com/watch?v=D2monVkCkX4 (8 mins 32 sec)

What is a circuit? - “Explaining an electrical circuit” by Region 10 ESC - Provides
basic info: https://www.youtube.com/watch?v=VnnpLaKsqGU (2 min 26 sec) — This
is basic knowledge for teachers but this video could also be used with students after
they learn about conductors and electrons in lesson 6.

How batteries work (2 min 07 sec) - How the chemistry inside a battery works in an
entertaining candy cartoon. https://www.youtube.com/watch?v=CJK2kwF6Am4
(Students don’t need to know the names of all these chemicals but it does describe
the electron story.)

ADVANCING STUDENT THINKING

LEVELS OF EXPLANATION WHAT-HOW-WHY

The next pages feature a what-how-why rubric around core science ideas in this unit and
some ways of tracking this at a class level and at an individual level. It shows examples of
how these ideas can be described at different levels of depth. Use talk moves to help push
students to think beyond a “what” level and try to explain how and why particular things
happen during the activities in this unit. Students can also identify what information or
experiences they need to help them explain the science at a deeper level.

Unit Overview & Teacher Content Primer 4 4th Grade Circuits
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LEVELS OF EXPLANATIONS: ADVANCING STUDENT THINKING

What are what-how-why levels?

These levels indicate a depth of explanation.

WHAT -Studentdescribes what happened. Describes, summarizes, restates a pattern or
trend in data without making connection to any unobservable components.

HOW - Student describes how or partial why something happened. Addresses
unobservable components but not deeply.

WHY - Student explains why something happened and can trace a causal story for why a
phenomenon occurred or ask questions at this level. Uses important science ideas that
have unobservable components to explain observable events.

Students may have a blend of what-how-why depending on which concepts they best

understand. Ultimately, students are pressed to develop a ‘why’ level explanation. However,

‘why’ level is the most challenging to achieve because it requires wrestling with unobservable

mechanisms.

How to use these trackers?

Examine artifacts of student work (such as model scaffolds, notebook writing entries) to
keep track of students progressing understanding over time.

You do not have to fill this in every lesson, but only at key points in the unit. For example,
the initial model, mid-point model revision, and final model are good places to do this.

Use different colored pens/pencils to indicate different dates of assessment.

Whole Class and Individual Tracking

e The whole class tracker will give you a sense of where to go with instruction at a lesson
level. Thisinformation may also indicate that additional lessons about particular concepts
need to be added to the unit. This information can help tailor instruction to aim for ‘how’
and ‘why’ levels of understanding.

The individual student trackers can identify which students can move from what to how and
which ones to be pushed from how to why. Plan back-pocket questions for particular
students (or groups of students) to target moving thinking forward.

Make enough copies of the individual student tracker for each student in your class.

Circuits Unit Expectations: Why does the flashlighteventually stop working?

Students final explanations will be a blend of what, how, and why levels.

o Thegrade-level explanation is that students master ideas contained in the ‘what’and ‘how’ columns;
however, lessons in this unit also target the why level to help students explain what is going on that
they can’t see that makes the flashlight work or stop working. The ‘why’ level targets 5" grade and
middle school concepts. Students should be expected to include and explain ‘what’ and ‘how’ ideas
in their models and explanations by the end of this unit.

Examples of a class tracker and individual tracker show more about how to use this tool. Blank templates are
also provided to track your students.

Unit Overview & Teacher Content Primer 5 4th Grade Circuits
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CLASS EXPLANATION TRACKER - EXAMPLE

The teacher tracked how many students were including the ideas below
at different parts in the unit using data from the initial model (red), mid-
point model revision (green), and final model (blue). The final model is
completed a few days before the unit ends so the teacher could re-teach
or provide additional experiences if needed to close any significant gaps.

WHAT. 1742 | 2/24 | 3/25 HOW

WHY 1742 " 2/2% | 3/

Some materials conduct
(metals, minerals); while
others are non-conductors or|
insulators of electrical
energy (glass, plastic)

Energy can be transferred
from one place to another

Matter is composed of
particles (atoms, particles,
electrons)

There are different
forms/kinds/types of
energy (i.e. chemical,
electrical, light, heat)
(Energy can be stored for
use later (chemical energy
in batteries). properly.

Energy can be transformed
from one form to another

Particles have charges which
makes some particles
attracted to other particles.

Parts of a circuit system
must be connected in a
particular way Each part
has a particular function
Individual parts of the

system must be working

Energy cannot be created
or disappear - Trace where

-|| the energy goes in the

circuit story (i.e. less
energy in battery over time,
where does it go?)

Particle arrangement in
materials affects how
electrons behave. Electron
behavior affects the
conductivity of a material

There can be more than
one of a part in the system
(i.e. multiple batteries,
multiple bulbs) which has
observable effects on the
system

Explain why energy is
transformed by interactions
with matter and why it can be
moved (transferred) through
matter by bumping the
particles of matter

Parts connected properly
in a circuit, allow energy to
pass through conductors in
the circuit (Conductors are
a pathway for electrical
energy).

This teacher added additional ideas to the “how” column as
she noticed that students were showing the energy flow in

different ways in the initial model and wanted to know how

many students were representing it in these different ways.

Overall, this tracker shows over time that more and more students were including more ‘what’ and ‘how’
levelideasin their models and explanations. A few students were able to explain more in-depth about the
‘why’ level over time; however, because theideas in the ‘why’ level are 5" and middle school standards, itis
not expected that all 4™ grade students reach mastery at a ‘why’ level .

4t Grade Circuits
© 2015, AmbitiousScienceTeaching.org

Unit Overview & Teacher Content Primer 7




INDIVIDUAL STUDENT TRACKER - EXAMPLE

The teacher used check marks to indicate which concepts or ideas the student included or addressed in her
model at different points in time over the unit - at times including a quote or note to remember how the
student did this. These quotes/notes can be helpful in pairing students or grouping students to help them
learn from each other about how our flashlight system works and would stop working.

Individual Explanation Tracker STUDENT NAME:
Circuits & Energy Transformations Unit— Grade 4
WHAT 1/12 /24 3/23
Some matenals conduct (metals, minerals); \/ \/
while ofhers are non-conduciors orimsulabors o Lré nas €9 68 vEtal

elactrcal energy (glass, plasic)

Thers are difizrent formsondstypes of ‘/ \/
energy (1.2. chemical, electricsl, ight, heai)
(Energy can be siored foruse later (chemical | <2 55 1 =1s ba==sru”
energvin batieries). orooeriv. o d
Parts of 3 crcuit sysiem musibe connecizd in ‘/

3 parfculsr way Each parthas 3 parfcular

v

v
functon. ndwidual parts of fhe systiem must

v

v

be woriang
Thers can be more ?an one of 3 partin fre /
system (i.2. mulfiple batieries, muliple bulbs)
which has observable efiects on fhe sysiem

P3rts connecizd properly in 3 crcuit, allow ‘/
energy fo pass firough conduciors in fhe
circuit (Conduciors are 3 patway for

| slectncsl eneravl.

HOW 1/12 2/24 3/23
Energycan be ¥3nsierrad fomone place o
anoter ‘/ ‘/ Lres transir
Energy can be ¥ransiormed fomone orm o
snotner v *coms put as light’ v v gl
Energy cannoibe created or disappear - - = v

Trace where fhe energy goes in fhe circuit
sory (1.2.l2ss energy in batiery over fme,
whers doesitge?)

WHY 1/12 2/24 3/23
Matizr i5 composed of particies (aloms, ‘/
paricies, elecons).

Paricies have charges which makss some
paricies atracied o ofher paricies

Partcie arrangemantin matenals afizcts now
electrons behave. Electron behavior sfiects
fhe conductvity of 3 material.

Explain why energy is ransiormad by ‘/ 4

interactons with matier and whyitcan be Loppiriiitorons "ris
moved (ransizreed) firough matier by 3o Iackiass: Tt g it ae'm n sty
bumping fe paricies of matizr. SECERR TS A S B T

Additional Notes:

There is space for additional notes at the bottom. Other things to consider tracking when looking at models
could be how the student is progressing using modelling conventions or if/how they are using evidence to
justify changes to parts of their model. Focusing on modelling and evidence correspond with Next
Generation Science Standard (NGSS) science and engineering practice (SEP) of developing and using models
and constructing evidence-based explanations.

Unit Overview & Teacher Content Primer 8 4th Grade Circuits
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Class Explanation Tracking Sheet: Circuits & Energy Transformations Unit — Grade 4

WHAT

HOW

WHY

Some materials conduct
(metals, minerals); while
others are non-conductors
or insulators of electrical
energy (glass, plastic).

Energy can be transferred
from one place to another

Matter is composed of
particles (atoms, particles,
electrons).

There are different
forms/kinds/types of
energy (i.e. chemical,
electrical, light, heat)
Energy can be stored for
use later (chemical energy
in batteries).

Energy can be
transformed from one
form to another

Particles have charges
which makes some particles
attracted to other particles.

Parts of a circuit system
must be connected in a
particular way Each part
has a particular function.
Individual parts of the
system must be working

Energy cannot be created
or disappear - Trace
where the energy goes in
the circuit story (i.e. less
energy in battery over
time, where does it go?)

Particle arrangement in
materials affects how
electrons behave. Electron
behavior affects the
conductivity of a material.

There can be more than
one of a part in the
system (i.e. multiple
batteries, multiple bulbs)
which has observable
effects on the system

Explain why energy is
transformed by interactions
with matter and why it can
be moved (transferred)
through matter by bumping
the particles of matter.

Parts connected properly
in a circuit, allow energy
to pass through
conductors in the circuit
(Conductors are a
pathway for electrical

energy).

Explanation Tracking

4™ Grade Circuits
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Individual Tracker

WHAT

Date:

Circuits Unit - Grade 4

Date:

NAME:

Date:

Some materials conduct (metals,
minerals); while others are non-
conductors or insulators of electrical
energy (glass, plastic).

There are different forms/kinds/types of
energy (i.e. chemical, electrical, light,
heat) Energy can be stored for use later
(chemical energy in batteries).

Parts of a circuit system must be
connected in a particular way Each
part has a particular function.
Individual parts of the system must be
working

There can be more than one of a part
in the system (i.e. multiple batteries,
multiple bulbs) which has observable
effects on the system

Parts connected properly in a circuit,
allow energy to pass through
conductors in the circuit (Conductors
are a pathway for electrical energy).

HOW

Energy can be transferred from one
place to another

Energy can be transformed from one
form to another

Energy cannot be created or disappear
- Trace where the energy goes in the
circuit story (i.e. less energy in battery
over time, where does it go?)

WHY

Matter is composed of particles
(atoms, particles, electrons).

Particles have charges which makes
some particles attracted to other
particles.

Particle arrangement in materials
affects how electrons behave. Electron
behavior affects the conductivity of a
material.

Explain why energy is transformed by
interactions with matter and why it can
be moved (transferred) through matter
by bumping the particles of matter.

Additional Notes:

Unit Plan & Teacher Content Primer 11

4™ Grade Circuits
© 2015, AmbitiousScienceTeaching.org




(This page intentionally left blank.)

Unit Plan & Teacher Content Primer 12 4™ Grade Circuits
© 2015, AmbitiousScienceTeaching.org



2a

2b

10

11

12

Revised Circuits Unit Overview — Grade 4

LESSON 2
What Can
Electricity Do?

ADDED

ADDED

ADDED

ADDED

ADDED

LESSON 7
Conductors and
Insulators
LESSON 4
What’s inside a
light bulb?
LESSON 8
Making a
Filament
ADDED

ADDED

LESSON 12
Learning about
switches

ADDED

Pre Unit Assessment: Developing Models to
Explain the Flashlight Phenomenon

Building a Simple Battery

Testing Battery Recipes

**Just-in-time instruction: testing variables

Learning about Chemical Energy
Just-in-Time instruction: chemical energy

The Power of Multiple Batteries

Just-in-Time Instruction: Adding volts

Revising Models with Evidence

Testing Conductors and Insulators
Just-in-Time Instruction: Electrons

What's inside a light bulb?

Just-in-Time Instruction: Light and heat energy

Making a filament
Just-in-Time Instruction: Energy and energy transfer/transformation

Telling the Energy Story in a Flashlight Circuit and
Revising Models

Writing the Evidence-Based Explanation for the
flashlight phenomenon

How do switches work?

Using circuits to communicate
Just-in-Time Instruction: Morse code

60-75
mins

45

mins

45-60
mins

45-60
mins
75-90
mins

60-75
mins

75-90
mins

45
mins

45
mins

45-60
mins

75-90
mins

30-45
mins

90+
mins

* Suggested times can span across multiple science class periods. For example a 90 minute suggested time would take two 45-

minute class periods or three 30-minute class periods. Depending on the culture of student talk, lessons initially may require

more time as students get used to talk routines. These times are approximate and suggestions. Lessons typically span multiple

class periods to allow students time to learn about particular concepts over multiple exposures.

** “Just-in-time Instruction” topics are content pieces students need in order to continue reasoning about how and why the

phenomenon happens. These are suggested in each lesson but may need to be supplemented or expanded based on your

students’ questions and ideas.
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NGSS abbreviations: PE=Performance Expectation; DCI = Disciplinary Core idea; CCC = Cross-Cutting Concept; SEP = Science & Engineering Practice

CIRCUITS UNIT OVERVIEW - 4™ GRADE

Initial Models for 4™ Grade Circuits Unit - Eliciting Student Ideas (Lesson 1)

Begin by eliciting students initial ideas about a circuit system. This pairing of lessons will take 2 or 3 class sessions but
provides students with an initial hands-on experience that helps them develop their models and enough time to add to their
models to explain not just what happens but how/why they think it happens.

Supporting on
going changes
in thinking

4 , &
’fe,, ton to EQ"\

Activity/Lesson Observations Learning Connectiontoflashlight Next Generation Science
phenomenon Standards (NGSS)
Students will draw and Where parts must be Hands-on “observation-level” PE: 4-PS3-2.Make observations
label 4 different waysto touching to make it work experience of making a flashlight to provide evidence that energy
light up a bulb using a (ornotwork); Circuits can | sets them up for making initial can be transferred from place to
Lesson1, Part1 | battery, wire, and bulb. be made in different ways | model of what’s happening inside place by sound, light, heat, and

Four ways to make
a light bulb circuit
work (or not)

Also draw 4 ways that

as long as parts touch in a

As a closing, with students, create a public record of
these observations.andlearning that students.can refer

the circuit they can’t see that is
making it work. Also they've
thoughtabout reasons for why the
failed circuits don’t work which is

created after making their
models to capture the 5-6 major

Lesson1, Part2

Creating initial
models

to in part 2 when they develop their models.

Using observations from part 1, students are asked to
explain the causes behind what they observe: Why
does the bulb light up? What might keep it from
working? What's happening inside the battery, wire,
and bulb that we can’t observe/see but we think might
rbe happening? Having physical materials available

helps students explain ideasTo each other before

putting them on paper.

Create a publicrecord of students’ hypotheses about
what makes the flashlight stop working when it’s
accidentally left on. This could be done before
working on models to get them started thinking and
added to after they make their models OR can be

hypotheses

electric currents.

DCI: PS3.D: Energy in
Chemical Processes and

productive in adding to their mogel

about why a flashlight would sto
working after being left on.

This initial model shows students

current thinking about the obser
and unobservable parts of a simy
circuit and their initial causal
explanations about why a flashlig
would stop working after being |
turned on.

Students may say the battery “di
“lost energy” and/or that the bulh
“broke” or “went out”. Prompt

students to say, write, and draw

D

yable
le

ht
eft

d” or

bout

how they think these events happen

Circuits Unit Overview
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not just identify
that they happen.

Everyday Life - The expression “produce
energy” typically refers to the conversion of
stored energy into a desired form for practical
use. (4-PS3-4)

CCC: Energy and Matter Energy can be
transferred in various ways and between
objects.

SEP: Developing and Using Models Modeling in
3-5 builds on K-2 experiences and progresses
to building and revising simple models and
using models to represent events. Develop a
model to describe phenomena. (4-PS4-2)

Circuits Unit Overview 15
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NGSS abbreviations: PE=Performance Expectation; DCI = Disciplinary Core idea; CCC = Cross-Cutting Concept; SEP = Science & Engineering Practice

Summary Table of Planned Activities — Attending to On-Going Changes in Student Thinking

These activities do not have to be taught in this order, though this order does show one possible pathway through the unit. Respond to students’ ideas/questions to
make instructional decisions. Additional lessons may be added at the teacher’s discretion to address student questions/ideas. Decide when to have students do a mid-

point model revision with evidence from activities they’ve completed so far. In the proposed unit pathway, students do model revisions during lesson 5 but could be

move after the conductors and insulators activity happenin

between lessons 6 and 7 instead.

NGSS

PE: 4-PS3-2. Make observations
to provide evidence that energy
can be transferred from place to
place by sound, light, heat, and
electric currents.

SEP: Carrying Out Investigations
- Make observations to produce
data to serve as the basis for
evidence for an explanation of a
phenomenon

DCI: PS3.A: Definitions of
Energy - Energy can be moved
from place to place by electric
currents.

DCI: PS3.D: Energy in
Chemical Processes and
Everyday Life - The expression
“produce energy” typically
refers to the conversion of
stored energy into a desired
form for practical use.

DCI: PS3.B: Conservation of
Energy and Energy Transfer -
Energy can also be transferred
from place to place by electric
currents, which can then be
used locally to produce heat
and/or light.

Lesson Observations Learning Phenomenon Connection
+ Pattern of zinc, copper, and * There are metals like zinc and * The flashlight battery is likely|
Lesson 2 vinegar-soaked paper mustbe copper and also acid (vinegar or has metals an acids inside
Building a in the right order to work lemon juice) inside a battery. * Theflashlight stops working
Battery * Wire ends from LED must This combo makes it work if the battery dies.
(investigation) touch either end of our stack (somehow). + It might die because the acid
to work * Batteries are made of multiple dried up - Like our battery
* More “sandwiches” make the cells (each “sandwich” is a cell didn’t work if it wasn’t wet
LED brighter. (It won’t light to make a whole battery - the enough with acid.
up with less than 4.) more cells the more power)
Lesson 3 Mixing baking soda and - “Batteries” as we commonly use | The battery in the flashlight
§3 Learning vinegar is a chemical the word are actually just one stores chemical energy
& | about reaction cell (D-Cell, AA-cell, etc.) but (because of the chemicals
= | Chemical * It went fast and bubbled has metals and acids inside. inside it like metals and
_§ Energy - It eventually stopped Chemicals store energy. acids).
g | (readings & - Batteries have different
= video) strengths measured in volts.
3 Most battery cells we use (AA,
2 AAA, D) are 1.5 volts. A car
‘5 battery is 12 volts.
L | Lesson4 * Using the brightness meter, » Light bulbs have a limit to how | The flashlight might go out
MR | Howdo we observed a pattern that as much power (volts) they can because it doesn’t have
multiple more D-Cells were added to “take” before they break. enough power left in the
batteries the circuit the light bulb + More power causes more battery light up the bulb.
affect the increased in brightness. brightness
brightness of | - For example, 1 D-cell had a * More power means more chem. | (Possible student question:
a bulb? brightness of 4 but 5 D-cells energy Where does the power go?
(investigation) had a brightness of 12. (8 D- How does it “get out” of the
cells made the light bulb battery?)
“pop” and break).
Additional lessons may be added if students have questions about how batteries discharge, re-charge, and are made. You could decide to insert these lessons here or wait until after
students learn more about conductors/insulators, electrons and light bulbs before revisiting batteries to have richer discussions once students have more info.

Circuits Unit Overview
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NGSS abbreviations: PE=Performance Expectation; DCI = Disciplinary Core idea; CCC = Cross-Cutting Concept; SEP = Science & Engineering Practice

Lesson

Observations

Learning

Phenomenon Connection

NGSS

Lesson 6
Conductor
or
insulator?
Testing
materials

* Metals such as coins, paperclips,

and foil make the circuit work(light
turns on)

- Plastic and glass do not make the

circuit work (light bulb does not
turn on)

Conductors allow electric currentto
pass through them. Metals are
conductors because they let current
flow through them.
Non-conductors (also called
insulators) block or stop electric
current. Plastic and glass are Non

Conductors

A flashlight case can be made of
metal or plastic. If made of metal
it is important not to have it
touch exposed parts of the
flashlight circuit or it might short
circuit. Plastic makes a better
case because it’s light-weight,
cheap. and a non-conductor.

Lesson 6
(continued)
Why do
some
materials
conduct
electricity?

Conductors, Electrons, Electrical Energy

Electrons bump to move or transfer energy (like when we bumped in the
circle, the energy moved around but we - the electrons - did not)
Metals have one free electron to bump around and hop from one atom to
another which is why the current can flow through them.
Non-conductors (insulators) do not have any free electrons so there is no
bumping or moving current so they do not conduct electrical energy

Electrons are in everything, all
materials. Materials like the wire
and the filament are made of
metal so they let current go
through them because there are
free electrons to bump and
move/transfer the energy.

PE: 4-PS3-2.Make observationsto
provide evidence that energy can
be transferred from place to place
by electric currents.

DCI: PS3.A: Definitions of Energy
Energy can be moved from place to
place by electric currents.

SEP: Asking Questions.- Ask
questions that can be investigated
and predict reasonable outcomes
based on patterns such as cause and
effect relationships.

CC: Energy and Matter
Energy can be transferred in various
ways and between objects.

Lesson 7
Looking
inside a
light bulb

- There are 2 thick wires going up to

support a curly wire

* There is a glass, plastic. or glue-like

thing between the two thick wires

* One thick wire (support wire)

connects to the base of the bulb
the other (support wire) is
connected to the metal ring (This
explains why you must touch the
bottom of the base and the side of
the base)

The lightbulb has a system of parts that
work together to make the lightbulb
work. If one part is disconnected or
breaks it won’t work. (Students
hypothesize about what might cause a
part of the bulb to break or stop
working - i.e. filament gets too hot and

pops)

The flashlight lightbulb has the
same parts as the big bulbs we
observed. Similarly if any of
these parts stopped working or
became disconnected then the
flashlight would stop working.

Lesson 8
Making a
filament

Heat & Light Energy

- The filament glows and gives off

heat when the bulb is on

* The filament is made of tightly

coiled wires of tungsten

The filament glows which transforms
or changes the electrical energy in the
wires into light and heat energy.
Students may know about how/why
this works using knowledge of
electrons and friction)

The flashlight lightbulb has a
filament, much smaller than the
one in the large bulb. Students
may hypothesize smaller
filaments break more easily than
big ones because of size

DCI: PS3.A: Definitions of Energy
Energy can be moved from place to
place by electric currents. (4-PS3-
2),(4-PS3-3)

DCI: PS3.B: Conservation of Energy
and Energy Transfer - Energy can
also be transferred from place to
place by electric currents, which
can then be used locally to produce
heat and/or light.

SEP: Asking Questions.- Ask
questions that can be investigated
and predict reasonable outcomes
based on patterns such as cause and
effect relationships.

CC: Energy and Matter
Energy can be transferred in various
ways and between objects

Circuits Unit Overview
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NGSS abbreviations: PE=Performance Expectation; DCI = Disciplinary Core idea; CCC = Cross-Cutting Concept; SEP = Science & Engineering Practice

Final Models & Pressing for Evidence-Based Explanations of the Flashlight Phenomenon

Lesson Description of Task Connection to NGSS
phenomenon
Lesson 9 Students synthesize what they’ve learned about batteries, wires, and light CC: Energy and Matter _
. . . . . . Energy can be transferred in various
Telling the bulbs to explain how the electric current flows in a closed circuit system, ways and between objects.
Energy Story in | what energy transformations happen and where they think they happen
a Flashlight within the circuit system. Students include a diagram as well as writing to | Students use specific SEP: Developing and Using Models
Circuit and explain their claims and evidence. evidence from individual Modeling in 3-5 buildson K-2
. tivities to justifv additions experiences and progresses to building
Revising activ o ) y_ and revising simple models and using
Models or revisions to their model models to represent events. Develop a
in order to explain the model to describe phenomena. (4-PS4-
. L .| flashlight phenomenon. 2)
Lesson 10 Students use sentence frames to connect evidence from activities to their
Writing the claims about why a flashlight would stop working. Written explanation SEP: Constructing Explanations

Evidence-Based
Explanation for
the flashlight
phenomenon

will attend to different parts of the circuit as well as how the system

functions as a whole.

Use evidence (e.g., measurements,
observations, patterns) to construct an
explanation.

Engineering Task: Using Circuits to Communicate

Lesson Description of Task NGSS

SEP: Constructing Explanations and Designing Solutions Apply scientific ideas to solve design
Lesson 11 Students will create a switch to easily turn the circuit on and problems .
How do offusing what they know about conductors and insulators | 7 AL BRE L e b wsed locally to preduce motion, sound, heat, or ght
switches which they will need to use in lesson 12. The currents may have béen produced to begin with by transforming the en;:rgy of'moti(’)n into
work? electrical energy.

CCC Energy and Matter - Energy can be transferred in various ways and between objects

Students apply what they’ve learned about circuits to create a PE 4-PS4-3. Generate and compare multiple solutions that use patterns to transfer information.

Lesson 12 device that allows for communication over distances. [Clarification Statement: Examples of solutions could include drums sending coded information

Using circuits
to

e  Students learn about ways to transfer information
across distances (such as Morse code using light or
sounds).

through sound waves, using a grid of 1’s and 0’s representing black and white to send information
about a picture, and using Morse code to send text.]
SEP Constructing Explanations and Designing Solutions - Generate and compare multiple solutions

communicate ) ) L ) to a problem based on how well they meet the criteria and constraints of the design solution
e Students design and build a circuit and communicate | DCI PS4.C: Information Technologies and Instrumentation - Digitized information can be
messages to their peers using an established code or | transmitted over long distances without significant degradation. High-tech devices, such as
a system they create. computers or cell phones, can receive and decode information—convert it from digitized form to
e  Students compare their solutions and provide voice—and vice versa. (4-P54-3)
feedback DCI ETS1.C: Optimizing The Design Solution - Different solutions need to be tested in order to
’ determine which of them best solves the problem, given the criteria and the constraints. (4-PS4-3)
CCC - Patterns of change can be used to make predictions
Circuits Unit Overview 18 4™ Grade Circuits

© 2015, AmbitiousScienceTeaching.org




(This page intentionally left blank.)

Circuits Unit Overview 18 4* Grade Circuits
© 2015, AmbitiousScienceTeaching.org



Curriculum Guide

Lessons & Activity Guides

Ambitious Science
Teaching Framework

Planning for
engagement with
important science
ideas

3

Supporting on-  [RETHT
going changes studente ideas
in thinking

lle" tion to (—,0“‘\

This curriculum guide follows the four core teaching practices of the Ambitious Science Teaching Framework. This model-
based inquiry approach to science teaching leverages students’ existing personal experiences and current understanding
about causal mechanisms in their world to revise their own explanations of specific, contextualized scientific phenomena.

Except where otherwise noted, this work by Tools for Ambitious Science Teaching, University of Washington, is available under
a Creative Commons Attribution-NonCommercial International 4.0 License. All logos and trademarks are property of their respective
owners. Images in this work are used with permission and not included in the open license.



https://ambitiousscienceteaching.org/
https://creativecommons.org/licenses/by-nc/4.0/




Lesson 1: Developing Models to Explain the
Flashlight Phenomenon

OBJECTIVES & OVERVIEW
This lesson introduces students to the new unit about circuits
allowing them to make connections to their prior experiences with
battery-powered devices (i.e. cell phones, tablets, toys, etc.) by
creating a simple circuit and explaining why they think a circuit
works and why it might would stop working.
e Students share observations about the circuits they create.
e Students develop models to explain what might cause a
flashlight to stop working.

NEXT GENERATION SCIENCE STANDARDS (NGSS)

CONNECTION TO KIT

«»

See Lesson 2: What can

electricity do? Pgs 7-13
NOTE: Students do NOT need to
learn the vocabulary in figure 2-2
on pg 8 at this time.

4-PS3-2. Make observations to provide evidence that energy can be transferred from place to place by
sound, light, heat, and electric currents.

Science and Engineering
Practices (SEP):

Developing models -
Collaboratively develop
and/or revise a model based
on evidence that shows the
relationships among variables

Disciplinary Core Ideas (DCI):

PS3.A: Definitions of Energy - Energy can
be moved from place to place by moving
objects or through sound, light, or
electric currents. (4-PS3-2)

PS3.B: Conservation of Energy and
Energy Transfer - Energy is present
whenever there are moving objects,
sound, light, or heat. Energy can also be
transferred from place to place by electric
currents, which can then be used locally
to produce motion, sound, heat, or light.
PS3.D: Energy in Chemical Processes and
Everyday Life - The expression “produce
energy” typically refers to the conversion
of stored energy into a desired form for
practical use

Cross-Cutting Concepts (CCC):

Cause and Effect - Mechanism
and explanation. Events have
causes, sometimes simple,
sometimes multifaceted. A
major activity of science is
investigating and explaining
causal relationships and the
mechanisms by which they are
mediated. Such mechanisms
can then be tested across given
contexts and used to predict
and explain events in new
contexts.

Energy and Matter - Energy can
be transferred in various ways
and between objects

MATERIALS
Part1
For the class demonstration:

Part 2

For the class demonstration:

1. Battery-operated item (flashlight, board game, cell -
Per student:

phone, etc.)
Per student:

- 1 wire, D-cell, small light bulb

- Science notebook

- Colored pencils (optional) -

Lesson 1: Eliciting Students’ Ideas
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1 large flashlight

1 wire, D-cell, small light bulb
Per individual (or partner):

1 model scaffold

Colored pencils (optional)
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PROCEDURE
Part 1 of 2 (45 minutes)

Introduce the lesson: Whole Group

1. Gather students on carpet area and show them the battery-powered item such as a cell
phone, hand-held game device, board game like Operation, etc.)

2. Tell students to make some observations about the device. Show them how the item works
(don’t say anything verbally), just show turning it on and off). Think-Pair-Share with a

partner about these questions:

What do you see or hear happening? What does this item need to work properly?
3. Explain that in this upcoming science unit we will be learning more about how circuits
work like this [insert name of item used in step 2 here] and in our emergency bucket
flashlight (hold up emergency flashlight and turn in on and off).

Circuit-making task: Individuals or Partners

1. Tell students that they will each have a small wire,
battery, and a light bulb. Their challenge is to come up
with 4 different ways to put these items together to make
the bulb light up and also 4 ways that do not work. Draw
these in the science notebook.

Have students gather materials and begin.
3. Asstudents work, circulate to observe and encourage

N

them to help each other. Questions you could ask

students as they work are suggested in the box at right.

4. Asyou circulate, select 2-3 students to share one of their
sketches and explain what they did to make it work (or
not). Near the end of the exploration time, prepare them
to share under the document camera by telling them

which part you want them to explain or describe.

Here is a photo of what a student’s notebook might look like at the end of this circuit
explorationtask. Thisstudentcombined materialswithothersatthetablegroup andalso
noticed that multiple batteries made the bulb brighter and one battery could light up

multiple bulbs but they were dimmer.

Back-Pocket Questions

Reminder:

- Isee you found a way that
did/didn’t work.
Remember to sketch it in
your notebook.

Observations:

- Isee you got it to light up.
How did you have to have
the pieces arranged to make
it work?

Hypothesis:

- What do you think makes
the bulb light up?

- Why do some ways not
work and others do?

$ow can we make Hor Vighs Lo T

[r———.
—
p

{

i
= | v

L-r-!,_. bulh r/_,{_

Oy,

SAFETY ALERT!

If materials begin to feel

*: .4_;7: B hot or warm, put down

the materials and
disconnect the pieces.

| This happens when students make
J= a short circuit by connecting the
— wire to both ends of the battery

i 3 with no bulb connected.
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Making a List of Observations: Whole Class

1. Have 2-3 students share one of the ways they found that the circuit worked or did not work.
Ask other students if they found these ways or similar ways. Invite other students to ask
question or comment on different configurations that work or ways that do not work

2. Create a class chart with at least 4 different ways that work (using just one wire, bulb, and
battery), and 4 ways that do not work.

3. Capture students’ observations on a public chart about how to make the bulb light up at the
bottom of the chart. Questions to use during this part of the lesson:

a. What do we notice about all the ways we found that make the bulb light up?
[Possible responses: both ends of the battery are touched by something metal,; it’s
connected in a circle, all metal things are touching, the metal thing at the bottom of
the light bulb has 2 places that have to be connected: the bottom and screw part]

b. What do we notice about the ways we found out that didn’t work? [Possible
responses: it was in a line, it wasn’t connected to both ends of the battery, it wasn’t
connected to the side and bottom of the metal thing on the light bulb]

The photo below shows a student reviewing ways the class found
to light up a bulb using just one wire, one battery, and one bulb.

Wow does 4 ﬂaskhghv‘ Wor k.2
4 Woys o light the bl

“3\\&\0\;\\0 ‘ @ \‘Smbu(b
=3

Science vocabulary note: At the end of this part of the lesson, introduce the word ‘circuit.’ Tell
students that today they each made a circuit that lit up a light bulb. Circuits can do lots of different
things but for the next few weeks we are focusing on circuits that are designed to give us light. (In
future lessons it may be useful to create a chart with characteristics of circuits but it is not necessary
or advised at this point in the unit.)
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Part 2 of 2 (45 minutes)
Introduce the phenomenon: Whole Group
Take out the large flashlight and show it to the class. Tell the following story: Explain that
one day you shoved it away (in a cabinet or drawer) and it was accidentally left on. The
next time you went to use it, it didn’t work. You turned the switch on and off and nothing!
Have students think-pair-share about what they think could have happened to make the
flashlight stop working properly. They may make connections to experiences they’ve had
where some battery-operated device stopped working. Questions to ask:

a. What are all the possible reasons that this flashlight would stop working?

1.

Students develop their own models: Individual Wo
1.

2.

b. What would cause that to happen?

Introduce the model scaffold sheet (see right). Tell
students that they will have all this space to draw and
write first on the left side about how a flashlight works
and then what happened that a month later the same
flashlight would stop working on the right side.

Emphasize the following:

a. Students canredraw and cross out any parts of
the pre-drawn drawing they don't like or find

confusing.

Model Scaffold - Copy on ledger paper 11"x17"

b. Include observations. Remember what we did yesterday. How do the wire, battery,
and bulb touch to light up the bulb? (This goes on the left half of the paper).

c. Include what you think is happening inside the parts of the circuit. Pretend you can
see inside the battery, inside the wire, inside the light bulb - what might be going
on in there to make a flashlight work (left side)? or not work (right side)?

d. Allow students access to the materials they used in part 1 at their table groups so
long as they aren’t distracting to others in order to check their ideas as needed.

Each student gets a model scaffold sheet and
begins to write and draw about how and why
they think a flashlight works and what might
happen that we can’t see that would make it
stop working. You could encourage partner
talk, it does not need to be silent.

As you circulate, look at student drawing and
writing and ask for clarification if something
isn’t labeled or explained. Have them add
their response to the drawing or writing on
their model.

a. If students are having difficulty
drawing the parts refer them to the
chart from yesterday, the materials
themselves, or the drawings in their
notebooks.

b. Ifstudents are drawing and writing
about their ideas about the
unobservable parts of what could be
going on, try some of the back-pocket
question suggestions at right.

Lesson 1: Eliciting Students’ Ideas 22

rk Back Pocket Questions
Prompts if nothing is on the drawing:
- Where does the wire and bulb need to
be drawn so the bulb lights up?

- What might be going on inside the_
battery/wire/bulbthatwecan’tseeto
make it work? or stop working?

Examples of ways to respond to student
ideas:
[ see you drew inside the battery.
What happens to that when the flashlight
stops working? Where does it go?

You said the battery makes the bulb
light up. How does it do that?

[ see you showed that curly part of the
lightbulb is broken. What might have
happened to make that break?
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3. Asstudents work, look for different ways students represent what'’s inside the battery, wire,
and light bulb. Prepare students to share out these ideas in the next part of the lesson to
generate a list of hypotheses about what is going on that we can’t see that could cause the

flashlight to stop working.

During this time students can talk to each other and the teacher about their thinking, but
each student records their individual thinking on their own paper.

Listing Hypotheses & Questions: Whole group

1.

Have students you've selected share one
piece of their model. Have students compare
and share the different ways they are
representing what they think is going on
inside the battery, wire, and bulb.

After a few students share and engage in
some student-to-student talk about these
ideas create a list of initial hypotheses about
what might go wrong that makes the circuit
stop working. (The list at right is an example
of what this list might look like.)

This list should be revised over time after
students engage with investigations so leave
space around or between the ideas for
changes later.

Create a list of questions - this can be done
as a whole group or have students write
questions on sticky notes and stick them on a
‘Questions’ chart. These questions and
students’ initial ideas will help guide how the
unit unfolds.

EXAMINING STUDENT WORK

Lesson 1: Eliciting Students’ Ideas 23

Why would a flashlight stop working?
Our initial ideas

The switch was left on so the battery
drained and there isn’t enough left to
turn on (it might flicker or get lower and
lower light)

The battery ran out of energy, got low on
juice, used up its “energy ball”, lost its
fuel (like a car)

bulb broke because it overheated

bulb broke because I could have
slammed the drawer too hard

something got disconnected because |
slammed the drawer shut too hard

there are electric cells in the wire that
move the energy around and maybe they
ran out through the light bulb

Use a Rapid Survey of Student Thinking to take notes about students’ ideas looking across

your class set of models. Pay careful attention to partial and alternative ideas students have
that could be related to energy transfer and transformation. The next few pages show some
examples of student work from this initial model lesson to give you a sense of what kinds of
ideas your students may bring up and represent.

Save the set of students’ initial models as a formative assessment. Use the models to fill out
the What-How-Why Levels of Explanation trackers. When students do model revisions and
final models later in the unit both you and they can identify how their thinking has changed
and students can justify why they want to revise particular ideas.
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PLANNING NEXT STEPS

The summary table of activities in the unit is in 3 chunks: batteries, wire, lightbulb. This order
presented in the overview and summary table would be fine to follow and students are likely most
curious about what’s happening inside a battery so that may be a good place to start. You could
elect to change the order or add in additional lesson(s) if your students have other questions about
circuits.

RECOMMENDED LESSON EXTENSION

See kit guide Lesson 3: A Closer Look at Circuits (pgs15-19) if you can give students more hands-on
time with the wire, bulb, and d-cell. Pass out copies of activity sheet 1 on pg 19 and circuit
materials. Have students use materials to follow each drawing to see if each configuration will turn
the bulb on or off. This does not need to be a whole-group lesson. It could also be at a science
station or during a shorter science block (about 20 minutes).
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4t /5t Grade Circuits Unit — Initial Model Example— Student A

Nang, | Date: |=*" -\ - Teacher: _|
Why does the light bulb light up? (Or not?) - My Model
Directions:
1. Drawwhat you think is happening /nside the D-Cell, the wire, and the light bulb in both situations even though you can’t see inside.

2. Write afew sentences below each diagram. Use the back if you need more space to show your thinking.

light bulb . / Km\@\g/ light bulb
RS R
% » - \\\
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One month |ater
, nio\ el 1N D-cell
(0N S ¥
W \ 'y
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When the wires and bulb are connected to the D=cell in a particular way, the
light bulb lights up. Draw the wires in the diagram to make the bulb light up.

Add to the diagram. Write and draw: What makes the light bulb light up? Why
do you think the bulb gives off light?
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Draw in the wires you drew before. In this diagram, the bulb is left
connected to the D-cell for one whole month. Now, the light bulb is no
longer giving off light.

Why do you think this could be? What do you think would cause the light
to go out?
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4th/5t Grade Circuits Unit — Initial Model Example— Student B

Name:___

Date: | 171> Teacher: _ -

Why does the light bulb light up? (Or not?) - My Model

Directions:

1. Drawwhat you think is happening /nside the D-Cell, the wire, and the light bulb in both situations even though you can’t see inside.
2. Write a few sentences below each diagram. Use the back if you need more space to show your thinking.

light bulb

When the wires and bulb are connected to the D-cell in a particular way, the
light bulb lights up. Draw the wires in the diagram to make the bulb light up.

Add to the diagram. Write and draw: What makes the light bulb light up? Why
do you think the bulb gives off light? >

Wifes are  connectd  fo  [ieht Luii
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Draw in the wires you drew before. ln\t'hfé'&iagram, the bulb s left
connected to the D-cell for one whole month. Now, the light bulb is no
longer giving off light.

Why do you think this could be? What do you think would cause the light
to go out?
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4th/5t Grade Circuits Unit — Initial Model Example— Student C

waw, _ 3 i I leacner;

Why does the light bulb light up? (Or not?) - My Model

Directions:

1. Drawwhat you think is happening /nside the D-Cell, the wire, and the light bulb in both situations even though you can’t see inside.
2. Write afew sentences below each diagram. Use the back if you need more space to show your thinking.

light bulb

When the wires and bulb are connected to the D-cell in a particular way, the
light bulb lights up. Draw the wires in the diagram to make the bulb light up.

Add to the diagram. Write and draw: What makes the light bulb light up? Why
do you think the bulb gives off light?
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One month later

/?
kD light bulb

D-Cell

Draw in the wires you drew before. In this diagram, the bulb is left
connected to the D-cell for one whole month. Now, the light bulb is no
longer giving off light.

Why do you think this could be? What do you think would cause the light
to go out?

\ . i Y ] -~ - 3
T +hink “p | ‘1;,‘1‘?' T Dl Aot s ?L' Vearuse the
Ligh< pote Lond an a0 e @nafay Ak <D dlne
Batetir and L Iheyz 150 sreiavinth - 825
Rt ‘;”"%"\\ il J‘_L o *‘» ! ;”i + n ¥ "E{Z‘ el sn AU /_ L

v, A

4™ Grade Circuits
© 2015, AmbitiousScienceTeaching.org



4th/5t Grade Circuits Unit — Initial Model Example— Student D

Name:

Directions:

Why does the light bulb light up? (Or nc;t_% - My Model

Date::/ "'/ | = Teacher: _

1. Draw what you think is happening /nside the D-Cell, the wire, and the light bulb in both situations even though you can’t see inside.
2. Write afew sentences below each diagram. Use the back if you need more space to show your thinking.

light bulb

When the wires and bulb are connected to the D-cell in a particular way, the
light bulb lights up. Draw the wires in the diagram to make the bulb light up.

Add to the diagram. Write and draw: What makes the light bulb light up? Why
do you think the bulb gives off light?
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light bulb

Draw in the wires you drew before. In this diagram, the bulb is left
connected to the D-cell for one whole month. Now, the light bulb is no
longer giving off light.

&

Why do you think this could be? What do you think would cause the light

to go out?_
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4t/5t Grade Circuits Unit — Initial Model Example— Student E

Name: Date: |4~ !3 Teacher:  !'~ il
Why does the light bulb light up? (Or not?) - My Model ,
Directions: | Y MAD £ ‘
1. Drawwhat you think is happening /ns/de the D-Cell, the wire, and the light bulb in both situations even though you can’t see inside.
2. Writeafew sentenc?s below each duagram. Use the back if you need more space to show your thinking. 2 Cco i ( ~
) ; s Y

Zheinf o 0‘(\\"'

When the wires and bulb are connected’ tothe D-cell in a particular way, the
light bulb lights up. Draw the wires in the diagram to make the bulb light up.

Add to the diagram. Write and draw: What makes the light bulb light up? Why
do you think the bulb gives off light?

light bulb

connected to the D-cell for one whole month. Now, the light bulb is no
longer giving off light.

Why do you think this could be? What do you think would cause the light
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Example Rapid Survey of Student Thinking (RSST) from a 4" /5" grade class using data from student models and classroom talk
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Rapid Survey of Student Thinking (RSST)

Categories Trends in student understanding, language, experiences found in Instructional decisions based on trends on student
student work and talk understanding. How do student ideas, experiences, and
language connect to upcoming lessons?
What partial

understandings
do students have?

What alternative
understandings
are students
showing?

What everyday
language do
students use to
talk about the
phenomenon?

What experiences
did students bring
up that can be
leveraged?

Lesson 1: Eliciting Students’ Ideas
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Lesson 2: Making a Simple Battery

OBJECTIVES & OVERVIEW

This lesson is the first in a series to help students better understand what’s going on inside a battery

that we cannot directly observe. Many students’ initial models may have shown something inside a

battery and how it might change over time. In this lesson, students will create a voltaic pile (small,

simple battery cell) to light an LED.
e Students share observations about the voltaic pile (battery cell) that stores chemical energy.
e Students begin to make generalizations about what all batteries likely have inside that makes

them work (and hypothesize about what might happen to make it stop working).

NEXT GENERATION SCIENCE STANDARDS (NGSS)

4-PS3-2. Make observations to provide evidence that energy can be transferred from place to place by
sound, light, heat, and electric currents.
4-PS3-4. Apply scientific ideas to design, test, and refine a device that converts energy from one form to

another

Science and Engineering
Practices (SEP):

Planning and Carrying Out
Investigations

Make observations to
produce data to serve as the
basis for evidence for

an explanation of a
phenomenon [phenomenon
in this lesson: how a battery
works]

Disciplinary Core Ideas (DCI):

PS3.A: Definitions of Energy -
Energy can be moved from place to
place by moving objects or through
sound, light, or electric currents. (4-
PS3-2)

PS3.D: Energy in Chemical
Processes and Everyday Life - The
expression “produce energy”
typically refers to the conversion of
stored energy into a desired form for
practical use

Cross-Cutting Concepts (CCC):
Cause and Effect - Mechanism and
explanation. Events have causes,
sometimes simple, sometimes
multifaceted. A major activity of science
is investigating and explaining causal
relationships and the mechanisms by
which they are mediated. Such
mechanisms can then be tested across
given contexts and used to predict and
explain events in new contexts.

Energy and Matter - Energy can be
transferred in various ways and between
objects

MATERIALS

For the class demonstration:

1 lemon clock kit
1 lemon
Per pair of students:

Required materials that may not be in kit:

Direction for making a voltaic pile

5 zinc washers

5 copper pennies (pre-1984)
5 small squares of white paper
1 LED holiday light with stripped ends

Small cup of vinegar

Science notebook and pencil
Disposable gloves (optional)

Lesson 2a: Making a Simple Battery 35

1 lemon

Small bottle of vinegar or lemon
juice

Squaresof paper(5 per pair)
pre-1984 pennies (5 per pair)
Paper towels
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PROCEDURE

Prior to the lesson: Reread the teacher background knowledge at the beginning
of this unit guide about what is going on inside a battery.

Introduce the lesson: Whole Group
1. Gather students on carpet area.
2. Show them some student models from lesson 1 that show a variety of

ideas about what might be going on inside the battery that we can’t see.

(See below of samples from 4" graders, select models from your
students.) Today students will be learning more about what might be
going on inside the battery to make it work.

Focal Question: What is inside a simple battery?

3. Show students a lemon clock and name the parts of the clock to
introduce vocabulary like acid (lemon juice) and metals (copper and
zinc- the same metals students are using today.

4. Explain that today they will follow a simple recipe to make a simple
battery. Show students the direction card and what materials look like
briefly. If desired, you can make one ahead of time and show students
what it looks like and that it will light the LED. Provide the safety alert
about vinegar as a weak acid.

SAFETY ALERT!

Vinegar (or lemon
juice) is a weak
acid. Remind
students not to
touch their face or
eyes during class.
Wash hands after
the activity.

Examples of 4™ grade student models zoomed-in on what they think might be going on inside the battery.
Showing some student examples to launch this lesson sets a purpose for why students are building a battery - to
see if it is similar or different than our ideas and what can we learn from this to add to our understanding.

AT AT | pecel
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Making-the-battery task: In Partners Back-Pocket Questions
1. Have partners follow the directions on the student directions

page to make the battery. Prompt pairs to work together in Observations:
their groups and help each other if needed. Some common - What did the stack have to
issues that prevent the battery from working: look like in order to work?
Pattern not followed carefully, double check - What are the materials that
Papers not saturated, add more acid (vinegar/lemon juice) make up our battery?
LED wires need to be reversed on each end the stack
2. Asstudents work, circulate and help troubleshoot issues so Hypotheses:
that all partners can be successful in lighting an LED. - What happens if the paper
3. When students are successful lighting the LED, have students is too dry? Why do you
sketch it on the student recording sheet. think the vinegar is
4. Clean up materials. Rinse off pennies and washers. Wash important?
hands. Throw away vinegar-soaked papers. Return LEDs, - What happens if the stack
rinsed and dried pennies and washers to materials table. is out-of-order? Why do
you think that matters?

Creating a Summary Table of Activity: Whole Class
1. OBSERVATIONS: Reconvene as a whole class and summarize what they just did to make a
battery. This can be on a large piece of butcher paper in a row called “Making a Battery” and
fill in observation box together.
2. Show students the lemon clock again. Ask students to compare the lemon clock and the
battery they just made. Students will notice that both have copper-colored and silver-colored
metals and some kind of acid (lemon juice or vinegar). Think-Pair-Share:
= Based on these two batteries, what might be inside most if not all batteries?
3. LEARNING: Add comments from the think-pair-share about what they think is inside the
battery to the “Learning” column of the summary table row. This may have a question or two
students could add on sticky notes that may be answered in lessons 3 and 4.
4. CONNECTION: In our flashlight phenomenon, it stopped working. Think-Pair-Share:
2> Whatmighthavehappenedinsidethebatterytomakethebatterystopworking?
Write some ideas in the summary table under “connection to phenomenon.”
The summary table row below may be similar to what the summary table row looks like from the class
discussion. Students may have additional questions about batteries as this is just the first lesson in the
series. Have students write Q’s on sticky notes and stick them on the ‘Questions’ chart or on the
summary table. Check in with their questions during subsequent lessons to see if we have answers

yet.

Nawme of Observations what have we Connection to
Activity Learned so far? Phenomenon
- Our battery had acid | Both owr battery and The flashlight stops
Making a (Vinegar) and wmetals | the lemon clock used | working Uf the battery
SLWL‘PL@ E(Zt’télfg (zine, coppe}/) actds and metals died.
- we had to follow a Do all batteries have (t might die because the
@ﬁ;;‘:ﬁ"_‘_ pattern to malee it aclds and wmetals? acld dréeo/{ up - Like /ovfr
;;ﬁ‘.,"‘ﬁ‘ worle batte@ didnt worlk Lf Lt
. - It had to have enough WaSWE wet enough with
actdl (vinegar) to work netd.

— T
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Science vocabulary note: Students should now be familiar with (but not yet fully proficient with) the
following terms: circuit, battery, acid, metals

PLANNING NEXT STEPS

o Reflect on students’ ideas, experiences, and questions you heard in class about what students
brought up about what they know about batteries as they were making one. Note questions
you heard them ask and look ahead in the unit guide to see if they will find answers in
upcoming lessons. You may decide to add in an additional lesson about chemical energy or
batteries to help students answer their questions.

e Revisit ideas pertaining to energy and what’s going on inside the battery in the teacher
background at the beginning of this unit guide.

READING CONNECTION

A short reading is included in this lesson about the first batteries. READING INTEGRATION
Read it as a class or have students read it on their own and compare
what the reading says about the parts that make up a battery and the
‘recipe’ we used - what's similar? What's different? What questions do
they have?

After reading this, some students may want to try a battery submerging

the metal pattern/stack into an acid instead of using the acid-soaked Short reading about the
papers. This is something they could try in lesson 2b. first electric batteries.
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Student Directions for Making a Simple Battery

Materials:

5 copper pennies

5 zinc washers

5 squares of paper

1 LED light

Small cup of vinegar

Eye dropper (optional)
Paper towels for clean-up
Disposable gloves (optional)

Directions:

Use the eye dropper or place paper in cup to soak 1 square of paper with some vinegar.
Make a “sandwich” with 1 penny, 1 piece of vinegar-soaked paper, and 1 zinc washer.
Repeat steps 1 and 2 until you have 5 “sandwiches.”

Next, stack 5 “sandwiches” on a strip of aluminum foil like the drawing below shows.
Connect the wires of the LED to the top of the stack and the aluminum base.

SANESE I .

LED
Light Emitting Diode

One "sandwich" of
penny, vinegar, zinc{

p— —zinc washer

| vinegar-soaked paper

zinc washer
vinegar-soaked paper
penny

Doesn’t work? Try this!

Does the LED light up? Reverse the wires of the LED to opposite sides of the stack.
Does the LED light up now? If not, double check your pattern of sandwiches.

Still not working? Add some vinegar to make sure papers are moist.

Does the LED still not light up? Ask other students to check your stack and see if
they have ideas to help it work.

Lesson 2a: Making a Simple Battery 39 4™ Grade Circuits
© 2015, AmbitiousScienceTeaching.org



(This page intentionally left blank.)

Lesson 2a: Making a Simple Battery 40 4™ Grade Circuits
© 2015, AmbitiousScienceTeaching.org



Name: Date: Build a Simple Battery

1. What are the materials you used to make the battery?

How many ‘sandwiches’ did you need to make one LED light up?
How many ‘sandwiches’ did you need to make two LEDs light up?
Sketch and label the circuit you made with your partner:

5. How is your battery similar to the lemon clock?
Our battery and the lemon clock both have...
They are similar because...

6. What other materials do you think would work to make the ‘sandwiches’? What other acids or
liquids would you want to try?

7. What are you still wondering about how batteries work?
One question | still have about batteries is...
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Student Reading: Batteries of Clay — Read together or copy and cut apart so students can read it and tape it into science notebook/folder.

Batteries of Clay

Some archaeologists and chemists think
that the first electric batteries may have
been clay pots. The metal rods inside the
pots were surrounded by a copper cylinder.
When a solution was poured into the pot, it
became a working battery that could gen-
erate up to 2 volts of electricity. Jewelers
may have used the current to coat ordi-
nary metals with gold and silver. The clay
pots pictured here are models of those
found in Baghdad. The real clay pots found
in Baghdad are more than 3000 years old.

COURTESY OF THE BERKSHIRE MUSEUM, PITTSFIELD, MASSACHUSETTS, USA

STOMS™  ENERGY, MACHINES, AND MOTION

Batteries of Clay

Some archaeologists and chemists think
that the first electric batteries may have
been clay pots. The metal rods inside the
pots were surrounded by a copper cylinder.
When a solution was poured into the pot, it
became a working battery that could gen-
erate up to 2 volts of electricity. Jewelers
may have used the current to coat ordi-
nary metals with gold and silver. The clay
pots pictured here are models of those
found in Baghdad. The real clay pots found
in Baghdad are more than 3000 years old.
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Batteries of Clay

Some archaeologists and chemists think
that the first electric batteries may have
been clay pots. The metal rods inside the
pots were surrounded by a copper cylinder.
When a solution was poured into the pot, it
became a working battery that could gen-
erate up to 2 volts of electricity. Jewelers
may have used the current to coat ordi-
nary metals with gold and silver. The clay
pots pictured here are models of those
found in Baghdad. The real clay pots found
in Baghdad are more than 3000 years old.

COURTESY OF THE BERKSHIRE MUSEUM, PITTSFIELD, MASSACHUSETTS, USA

STOMS™  ENERGY, MACHINES, AND MOTION
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Lesson 2b: Testing Battery Recipes

OBJECTIVES & OVERVIEW

After lesson 2a, students want to try other materials to make their own battery to light an LED. Things

like squares of aluminum foil or other acids (i.e. lemon juice, vinegar, orange juice, salt water, tap
water, distilled water). Students can redo the directions in lesson 2a testing other materials or other
patterns. Also, students may want to make bigger/taller stacks to see what happens. Students will
observe that materials must be in particular repeated patterns, the LED must be hooked up “the right
way”, and that materials like plastic and cardboard do not work as a main ingredient. Students may
wish to test what would happen if the battery were dried up or if the battery were left connected.
They could also set up and do these tests during this lesson as well.

e Students share observations about the voltaic pile (battery cell) that stores chemical energy.

e Students begin to make generalizations about what all batteries likely have inside that makes

them work (and hypothesize about what might happen to make it stop working).

NEXT GENERATION SCIENCE STANDARDS (NGSS)

4-PS3-2. Make observations to provide evidence that energy can be transferred from place to place by
sound, light, heat, and electric currents.
4-PS3-4. Apply scientific ideas to design, test, and refine a device that converts energy from one form to

another

Science and Engineering
Practices (SEP):

Planning and Carrying Out
Investigations

Make observations to
produce data to serve as the
basis for evidence for

an explanation of a
phenomenon [phenomenon
in this lesson: how a battery
works]

Disciplinary Core Ideas (DCI):

PS3.A: Definitions of Energy -
Energy can be moved from place to
place by moving objects or through
sound, light, or electric currents. (4-
PS3-2)

PS3.D: Energy in Chemical
Processes and Everyday Life - The
expression “produce energy”
typically refers to the conversion of
stored energy into a desired form
for practical use

Cross-Cutting Concepts (CCC):
Cause and Effect - Mechanism and
explanation. Events have causes,
sometimes simple, sometimes
multifaceted. A major activity of science
is investigating and explaining causal
relationships and the mechanisms by
which they are mediated. Such
mechanisms can then be tested across
given contexts and used to predict and
explain events in new contexts.

Energy and Matter - Energy can be
transferred in various ways and between
objects

MATERIALS

Available to students from kit:
Direction for making a voltaic pile
5 zinc washers
5 copper pennies (pre-1984)
5 small squares of white paper
1 LED holiday light with stripped ends
Small cup of vinegar
Science notebook and pencil
Paper towels
Disposable gloves
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Required materials that may not be in kit:

Liquids students want to test
(elicited on student sheet in lesson
2a) see some ideas in lesson
directions

Metals or other materials students
may wish to test such as other
coins, aluminum foil, plastics, etc.
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PROCEDURE

Prior to the lesson: Gather (or have students bring) materials they
wish to test. If these materials are different than the ones listed
below check with your local science specialist to make sure there
is no science safety concerns with combining the materials.
Possible materials students can use in a new battery:

Liquids: Solids:
lemon juice  distilled water  pennies zinc washers
orange juice  Gatorade nickels aluminum foil
salt water coffee dimes steel washers
tap water milk guarters plastic discs
cardboard

Making-a-battery: Testing Liquids

1. Remind students about the directions card from lesson
2a. Explain that today students can test other materials
and liquids following the same sandwich pattern we did
yesterday. We will start with testing different liquids in
our copper-zinc battery. Focal Question: What liquids
work in a copper-zinc battery?

2. Decide as a class which liquids they want to test (of the
liquids you have ready for them to test). Assign a liquid
to each table group or pair depending on the number of
liquids they wish to test. Students will each test one new
liquid using the same copper-zinc stacks and soaked
paper pattern they used before. Then share out data on a
class data table (copy on student data table). There
should be 2-3 pairs (or more) testing each liquid.

3. Have partners follow the same directions as lesson 2a to
but using the liquid specified at their table group. Use
the LED as an indicator as to whether the liquid worksor
not. Prompt pairs to work together in their groups and
help each other if needed.

4. Record findings in their data table for the liquid they
tested. Do a quick share from each table group about
each liquid tested and the result in whether or not the
LED lit up. Complete the data table using data from the
whole class.

5. Clean up materials. Rinse off pennies and washers. Dry
them. Wash hands. Throw away vinegar-soaked papers.
Return rinsed and dried pennies, washers, and LEDs to
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SAFETY ALERT!

Only test materials included in the
directions. Testing other items could
result in toxic combinations and pose
a safety hazard.

TEACHER DECISION POINT

Y

This lesson is super structured in how
to organize students in testing liquids
first and then solids. You could also
open it up to having students “go for
it” creating recipes of their choice
(changing both liquids and solids)
following the sandwich pattern. This
would create a “need-to-know” about
variables when they can’t definitively
say whether it’s the liquid or the
metals that work or don’t work. This
may require additional class sessions.

Back-Pocket Questions

- What happens if the paper is
too dry? Why do you think the
liquid is important?

- Why do you think some liquids
will work and others don’t?
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materials table.
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Making-a-battery: Testing Solids

1. Now, students can test other solid materials following the same sandwich pattern we did
yesterday but using a liquid we know works from the tests we did above. Focal Question:
What solids work in battery design with a liquid we know works?

2. Have partners decide what two solids they want to try given the materials you have ready for
them to test and select one liquid we know works.

3. Partners gather the materials they need from the materials table, perform their test, record their
findings on the recording sheet.

4. Partners compare their battery with other partners/groups.

5. Discuss which solids seemed to work, which didn’t, and which we are unsure about.
a. Some uncertainty could happen if more than one pair tried the same materials and got
opposite results - decide what can be done to settle the uncertainty (and do it.)
b. This is a good time to discuss variables. The materials students chose to test are called
‘manipulated variables’ and the results (whether the LED lit up or not) is the
‘responding variable.’

6. Clean up by washing off the solids and drying them. Pouring everyday liquids down the sink
and washing them down with water. (You could clean up prior to the discussion; however,
students may want to show off and compare their batteries to help explain their results which
they won'’t have if they clean up prior to the discussion.)

Closing conversation
1. After students find out which materials work to create a functioning battery, have students do
some partner talk and writing about:
a. Why do you think only certain materials work and others do not?
b. What are you wondering about now? What additional information do you want about
batteries?

Science vocabulary note: Students should be using: circuit, battery, acid, metals, liquids, solids

PLANNING NEXT STEPS

o Reflect on students’ ideas, experiences, and questions you heard in class about what students
brought up about what they know about batteries as they were making one. Note questions
you heard them ask and look ahead in the unit guide to see if they will find answers in the
reading provided in lesson 3. You may decide to add in an additional lesson about chemical
energy or batteries to help students answer their questions.

e Revisitideas pertaining to energy and what’s going on inside the battery in the teacher
background at the beginning of this unit guide.

e Use any questions students asked during lesson 2b to add resources or lessons to help students
answer their own questions.
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Name:

Date:

Manipulated variable: Liquid

Question: What liquids work in a copper-zinc battery?

Testing Battery Recipes

1. Use the same procedure from before except change the liquid you use. Test one new liquid.
Combine your data with data from other students.

2. Inthe table below record your observations and observations from other students about which

liquids work in the copper-zinc battery and which do not.

Class Data Table: Which liquids work in a copper-zinc battery?

Solids

Liquid

Works Does not work

Copper pennies + zinc washers

Vinegar

Copper pennies + zinc washers

Copper pennies + zinc washers

Copper pennies + zinc washers

Copper pennies + zinc washers

Copper pennies + zinc washers

3. What liquid with copper and zinc did you use that made a working battery?

List the materials and sketch and label your battery stack in the box.

Lesson 2b: Testing Battery Recipes

Draw and label the pattern of your battery:
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Manipulated variable: solids

Question: Which solids work in a battery using a liquid we know works?

1. Choose a liquid that worked in a copper-zinc battery. Use that liquid in this test.

2. Choose 2 solid materials you want to test using the ‘sandwich’ pattern.

3. Inthe table below record the solid materials you used, the liquid, and whether this combination

worked or did not work.

Class Data Table: Which solids work in a battery using a liquid we know works?

Solids

Liquid

Works Does not work

Copper pennies + zinc washers

Vinegar

X

4. What materials did you use that made a working battery?
List the materials and sketch and label your battery stack in the box.

Lesson 2b: Testing Battery Recipes

Draw and label the pattern of your battery:
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Lesson 3: Learning about Chemical Energy

OBJECTIVES & OVERVIEW
This lesson provides students with information about the chemical
energy that is stored inside the battery that we cannot directly observe.
Many students’ initial models may have shown something inside a
battery and how it might change over time. In this lesson, students will
learn about chemical energy and chemical reactions to explain what
might cause a battery to stop working.
e Studentscompare descriptions of different batteries using
information from a reading
e Studentslearn about chemical reactions (a way to release energy)
and chemical energy (a way to store energy) that are critical to

READING INTEGRATION

This lesson contains a 2-pagereading
that could be used during reading
time as an integration option. The

demo and video would be the
science lesson portion of the day.

understanding how batteries work.

NEXT GENERATION SCIENCE STANDARDS (NGSS)

4-PS3-2. Make observations to provide evidence that energy can be transferred from place to place by
sound, light, heat, and electric currents.

Science and Engineering Practices
(SEP):

Obtaining, Evaluating, and
Communicating

Information- Obtain and combine
information from books and other
reliable media to explain
phenomena.

Disciplinary Core Ideas (DCI):

PS3.D: Energy in Chemical
Processes and Everyday Life - The
expression “produce energy”
typically refers to the conversion
of stored energy into a desired
form for practical use

Cross-Cutting Concepts (CCC):

Energy and Matter - Energy can be
transferred in various ways and
between objects

MATERIALS

For the class demonstration:
Baking soda (with spoon)
Vinegar (and small cup)
Large clear cups
Paper towels

Per student:

YouTube video queued up: How Car Batteries Work
http://safeshare.tv/v/ss56527816be5f5

PROCEDURE

Introduce the lesson: Whole Group
1. Begin by reviewing the prior activity (lesson 2a) where students
built batteries using the summary table row. Explain that today
students will learn about a variety of batteries to figure out what
they have in common and to better understand how batteries
work. Focal Question: What are some similarities between
different kinds of batteries?
2. Today students will use information from a reading,
demonstration, and a short video to better understand how
Lesson 3: Learning about Chemical Energy 51

Copy of the 2-page reading
Science notebook and pencil

batteries
work.
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TEACHER DECISION POINT

Y

Based on reading levels of your students you could decide to read the 2-
page reading as a whole class, in partners, or do a jigsaw with different

paragraphs.
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Obtain information from a Reading:

1.

Have students engage with the reading to find any
similarities across the different kinds of batteries
described in the reading.

After students have finished reading their portion (or all)
of the reading, have a whole class discussion about
what they learned about different kinds of batteries.
Finally, ask them to answer today’s focal question: What
are some similarities between all batteries? Think-Pair-
Share. [Possible responses: +positive and —negative;
some kind of metals; acid or other liquid around the
metal; get used up over time] Create a list.

Introduce the term “chemical energy.” Havestudents
go back through the reading and find where the term
“chemical energy” is used. Come up with a class
definition. [Possible ideas include: energy stored inside
chemicals, reaction between chemicals releases energy,
in batteries acid reacts with metals to release energy].

What do all batteries have in common?

Have positive(+) and negative(-)
ends

Some metals and acids

Get used up over time

Can run out

Some can be recharged

Dangerous to open them

Different batteries have different

kinds of chemicals inside

What is chemical energy?

Stored in a battery and released
when the battery is connected to a
circuit

Reaction releases chemical energy

Just-in-Time Content Instruction: Demonstrating a Chemical Reaction with Baking Soda & Vinegar
Gather students so that they can see the demonstration table. Explain to students that theywill

see a simple chemical reaction. The reading mentioned that chemical reactions happen inside

the battery. So, what is a chemical reaction? (This is the question for this portion of the lesson.

1.

Students are not expected to know this ahead of time.)

Have paper towels ready. In a large clear cup, mix a spoonful of baking soda and a little
vinegar. Ask students: - What do you notice? Repeat with a new clear cup and add more or
less of each chemical. Repeat again if necessary. [Possible student responses about
observations: It's bubbling; it stopped bubbling/reacting eventually; it went really fast; it was

bigger or bubbled more when we had more of each thing]

Tell students thatinside batteries there are separators to keep chemicals from mixing (separators
are described in the reading). If chemicals could mix inside the battery (like we just did), then
the chemicals would react too fast and with too much power. By separating the chemicals, the
chemical energy is only released slowly moving through the circuit when the battery is
connected into a circuit and the circuit is turned on. Tell students that chemical energy is stored
in the battery and we use that energy when we turn on a device.

Revisit the term ‘chemical energy” and add any other phrases or questions students want to add,

particularly related to chemical reactions.

Watch the YouTube video How Car Batteries Work (3 minutes) about car batteries, paying
attention to whatitsaysabout chemical reactions http: //safeshare.tv/v/ss56527816be5f5

e Video Note: It is not important students know all the technical terms like the names of the
chemicals butgeta general conceptual understanding that a car battery has a pattern of metals
and acids and how it is similar to the battery we made. The video also mentions volts. Students
may have noticed in lesson 1 that the D-cells say “1.5 v” on them meaning it has 1.5 volts. The
video explains how a car battery is made of six 2-volt cells for a total of 12v. This may be a nice
math connection that students can revisit in the next lesson when they see the effect of the

number of batteries on the brightness of the bulb]
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Creating a Summary Table of Activity: Whole Class
1. OBSERVATIONS: Reconvene as a whole class and summarize what they just observed in the
baking soda and vinegar reaction.

2. LEARNING: What did we learn about all batteries from the reading? What do we think all
batteries might have inside?

3. CONNECTION: Inour flashlight phenomenon, it stopped working. Think-Pair-Share: > What
might have happened inside thebattery to make thebattery stop working?Write someideasin

the summary table under “connection to phenomenon.”

The summary table rows below may be similar to what the summary table row looks like from the class
discussion. Students may have additional questions about batteries as this is just the first lesson in the
series. Have students write Q’s on sticky notes and stick them on the ‘Questions’ chart or on the

summary table. Check in with their questions during subsequent lessons to see if we have answers yet.

about chemieal

6V\/6Y@\5

vinegar Ls a chemical
reaction
- It went fast and bubbled
- It eventually stopped

separated from aclols

-Chewmleal energy Ls stored
in the battery

-Chewleal energy s
released when battery is
connected

-Chemicals veact tn the
battery eventually getting
used up

Nawme of Observations what have we Connection to
Activity learned so far? Phenomenon
- our battery had aciol Both our battery and the | The flashlight stops
Making a (vinegar) ano wetals lemon clock used aclds working if the batterg
SLVIAPL@ (zine, copp@r) and wetals died.
Battery - we haol to follow a Do all batteries have (t might die because the
aﬁgi": pattern to malke it work acids and metals? actd dried up - Like our
@;:@’_ it had to have 6%0%@% bﬁttélfij didnt work /L‘[[/L’C
. k. acid (vinegar) towork wasn't wet enough with
acld.
Learning - Mixing baking soda and | -batteries have metals The chemicals in the

flashlight batteries got used
wp faster because it was Left
turned on using up all the
stored chemleal energy).

— T

Science vocabulary note: Students should be proficient with the terms battery and possibly circuit.

New vocabulary from this lesson: chemical energy and chemical reaction

PLANNING NEXT STEPS
o Reflect on students’ ideas, experiences, and questions you heard in class as students discussed the
reading and watched the video. Note questions you heard them ask and look ahead in the unit
guide to see if they will find answers in upcoming lessons. You may decide to add in an additional

lesson about chemical energy or batteries to help students answer their questions.

Lesson 3: Learning about Chemical Energy
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e Another short video clip you may decide to use with students is a 1 minute clip from Bill Nye
comparing the chemical energy in a hot dog with the chemical energy in a battery._
http://safeshare.tv/v/ss5649933c936d7 Have students watch the clip twice. Think-Pair-Share
about “How are batteries and hot dogs similar?” and “How does what we saw in this clip about
batteries relate to what we read about batteries?”

e Revisit ideas pertaining to energy and what’s going on inside the battery in the teacher background
at the beginning of this unit guide. You may also want to watch the following video (4 min 19 sec)
to help with content: How Batteries Work - Adam Jacobson http://safeshare.tv/v/ss565278875222b
You may decide to show this video to your students as well, particularly if they have questions
about how recharging batteries works.
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Learning More about Batteries:
What do batteries have in common?

Many Sizes and Shapes of Batteries
We use batteries every day. They are
portable, reliable ways to power flashlights,
cell phones, cars, and radios. Batteries are
made in different sizes and shapes. From
tiny hearing aid batteries to large car
batteries, batteries help us have power
wherever we go. When they stop working,
we have to change them or recharge them.
Some batteries can be recharged. These
batteries have different chemicals inside
compared to disposable batteries.

What’s inside a D-Cell? Carbon
There are harmful chemicals inside D-cells. It positive
would be dangerous to cut one open to see eb':tmje‘
inside. The diagram at right labels the parts gesac)
inside a D-cell. Some D-cells have metals like
zinc and manganese and other acidic chemicals.
There is a separator inside the D-cell to keep the Lo i
chemicals from touching. If chemicals do touch, A L Separator
there would be a fast reaction which releases & |
chemical energy. When a battery is hooked into a
circuit it can release energy slowly. The chemical
energy is changed into electrical energy when the e | S
battery is connected in a circuit. e — Zinc negative

Electrolyte
paste

{anode)

Terminals

What'’s inside a car battery?

The car batteries on this page are for gasoline-
powered cars. Batteries used in electric cars have
different chemical inside. This type of 12-volt battery
uses lead metal and sulfuric acid. Sulfuric acid is
very dangerous and can cause burns on your skin. [t
is important not to touch corroded car batteries
because when the battery corrodes the acid comes
out of the battery and can hurt you. Car mechanics

: know how to handle these batteries safely. Car

Wl batteries are needed to start the car’s engine, power
(positive plate) Lead Casing

(negative plate) Sulfuric acid (electrolyte the I"adiO, and light the headlights.

surrounds the plates)
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What’s inside a watch battery?

Watches use smaller, button-sized batteries. Can you imagine using a D-cell inside a
watch? Your watch would be huge and heavy! So watch batteries have to be small and a
different shape to fit inside a wrist watch. These batteries usually last a long time. The
battery in the diagram uses zinc in the negative area and silver in the positive area, with a
separator in between to prevent the chemical reaction while the battery is not in use.

_ Negative electrode (zinc)

" Negative cap Absorber  Gasket

0 60 9 Q
a ° °o ol® o ©
efeo 57k o
°°°° 009 o o]l oo o
n 9 0 .9 o°

Separator
Positive electrode (silver oxide)
Positive can

What's inside a cell phone battery?

Cell phone batteries are rechargeable. When the battery is dead, we plug the cell phone
into a wall socket to charge the battery. Most rechargeable cell phone batteries have
lithium inside. Lithium is paired with other metals such as manganese, iron, or nickel to
make different cell phone batteries.

©
-

| NEGATIVE ELECTRODE TAB

—— SEPARATOR

~~~~~~~~ ANODE NEGATIVE ELECTRODE

[THIUM . . .
CHLE) What do all batteries in this
SEPARATOR reading have in common?
---------- CATHODE POSITIVE ELECTRODE How are these batteries

(MANGANESE, IRON, SILVER, COPPER) similar to the battery we made
with copper pennies and zinc
washers?
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Lesson 4: How batteries affect brightness

OBJECTIVES & OVERVIEW

In this lesson, students observe the effects of multiple batteries on the brightness of a bulb. This
observation allows students to begin to understand how voltage with multiple batteries works and how
this knowledge could apply to a flashlight design.
e Students observe effects of multiple batteries on the brightness of a bulb using a paper brightness
meter and how it is related to the number of total volts from the combined batteries.

NEXT GENERATION SCIENCE STANDARDS (NGSS)

4-PS3-2. Make observations to provide evidence that energy can be transferred from place to place by
sound, light, heat, and electric currents.

Carrying Out Investigations -
Make observations to produce
data to serve as the basis for
evidence for an explanation of a
phenomenon.

Disciplinary Core Ideas (DCI):

PS3.D: Energy in Chemical
Processes and Everyday Life - The
expression “produce energy”
typically refers to the conversion

Cross-Cutting Concepts (CCC):

Energy and Matter - Energy can be
transferred in various ways and
between objects

Scientific Knowledge is Based on
Empirical Evidence - Science
findings are based on recognizing
patterns. (4- PS4-1)

of stored energy into a desired
form for practical use

MATERIALS

Per student:
Science notebook and pencil

For each group of 4 students:
5 D-cell batteries
2 small light bulbs (only use 1 in the circuit)
2 brightness meters (folded paper)
Several (5-7) pieces of wire
Masking tape (optional but helpful)

PROCEDURE

Prior to the lesson:

How to make paperlight meters (makes 4 atatime)

1.) Overlap 5 sheets of copy paper about 34 in.

2.) Fold over the papers to make 10 strips.

3.) Staple near fold in 4 places evenly to bind strips.

4.) Use a paper cutter to cut into 4 strips.

5.) Number each layer (1 = 1 layer of paper, etc.)

How to use the light meter: Hold meter in front of a

light source. This provides a numerical rating such ,

that the next level completely blocks the light (i.e. if |

there is light shining barely through 5 but no light at |

6, then the rating is a “5”). Measuring the intensity I: aE 1EEE "Il
I J
J

How-to Make Paper Light Meters

1. Overlap 5 sheets of paper.

[T
HEEEEE

[ HE
[ L1

2. Fold. &

|

I.
3. Staple. I

[
d

of light is helpful when comparing brightness of
bulbs in circuits as students increase the number of :
D-cells.
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Introduce the lesson: Whole Group

1. Orient students to the purpose of today’s lesson:

a.

In lesson 1, students may have noticed that the
bulb was brighter if they used 2 batteries — if so,
draw upon this experience; If not, move on.

Present the focal question to students. Give them
time to think-pair-share about what they think will
happen if they add or remove batteries from a
simple light bulb circuit.

Focal Question: How does the number of
batteries affect the brightness of abulbina
simple circuit?

Have some students share out what they talked
about with their partner. Use follow-up talk
moves to get students to start thinking not only
about what they think will happen, but also why
they think adding or removing batteries would
make that happen.

Remind students about what they began to learn
about chemical energy in lesson 3 and as they
work today ask them to think about how they can
use the ideas about chemical energy to explain
our results.

Collect Data from the Investigation:

1.

Remind students how to make a simple circuit referring
to the chart from lesson 1.

Give brief directions about how to use the light meter to
collect data on the data table student handout.

a.

Hold the meter in front of a light source. This
provides a numerical rating such that the next level
completely blocks the light (i.e. if there is light
shining barely through 5 but no light at 6, then the
rating is a “5”).

Have students practice measuring brightness of
ceiling lights and having pairs check each other to
make sure readings are somewhat accurate (if
students can’t decide between levels, you can have
them write a range like “5-6" or have a rule to round
down and a 5-6 would be a “5”.)

Lesson 4: Batteries & Bulb Brightness

58

Display chart created in lesson 3
which may look similar to this one:

What is chemical energy?

-Stored in a battery and released
when the battery is connected to a
circuit

*Reaction releases chemical energy

- Type of energy

Display chart from lesson 1 to remind
students how to hook up bulb, wire,
and battery in a simple circuit.

Vow does 4 (laskh(jh‘f weor k.2

L‘} Wﬂt13 +ﬂ (lql’\*’ +t’\(7 [9(4 ( b
h‘qhhbu\b p

/\\.ﬁ\n\ balls

Question:
How does the number of batteries affect the
brightness of the bulb? ¥

Data Table:

Number of nokes
D-Cells jeof 1-10where 15 dm

1

6

Conclusion:
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3. Give safety reminder (see right). (Teacher note: Material SAFETY ALERT!

tubs should have no more than 5 D-cells per group.
This is because the small lightbulbs may fail beyond 6
batteries. This is an important finding for students;
however, it is expensive as it ruins the bulbs. So if
students want to test over 5 batteries do itas a
classroom demonstration so as to limit destroying : .

. disconnect the pieces.
materials. Remember: Please do not to place faulty or This happens when students make a short

blown bulbs back in the bag with working ones.) circuit by connecting the wire to both ends of
the battery with no bulb connected.

If materials begin to feel hot or warm,
put down the materials and

4. Pass out material tubs to table groups and have students
follow the directions sheet and begin building circuits and
using the light meter to collect data. Turn classroom lights 1
off to more easily read the brightness meters without light
interference from ceiling lights.

Back Pocket Questions

. What did you notice as you added
more batteries?

2. What do you think might be

5. Asyou circulate, remind students they can use masking causing that to happen?
tape to hold multiple D-cells in a row. Students may also
need to twist wire pieces together if they need a longer 3. What have you found out so far
wire if there are no long wires in the kit. about how the batteries affect the

brightness of the bulb?

6. Once students are underway with conducting tests and
recording data, use the back-pocket question suggestions
(atright) to get students thinking about the patterns they
are observing.

4. What if we used more than 6
batteries? Do you think there
might be a limit? Why or why not?

5. Remember the car battery video
7. Give time for students to write a short conclusion using yesterday about volts? How many
data from their table to answer the focal question. volts are in each circuit as we add
more batteries? (Have students
examine outside of battery to see

8. Ifstudents want results beyond 5 batteries, conduct this as
1.5 volts per D-cell).

a whole group demonstration. The bulb may fail between
6-9 batteries depending on if batteries are fully charged.

Demonstration (Optional) - Whole Group

If students want to test more than 5 D-cells, do so now as a whole group demonstration. Small
lightbulbs may fail beyond 5 batteries. This is an important finding for students; however, it is
expensive as it ruins the bulbs. If students want to test over 6 batteries do it as a classroom
demonstration so as to limit destroying materials. Remember: Please do not to place faulty or blown
bulbs back in the bag with working ones

1. Gather students so that they can see the demonstration table.

2. Build a simple circuit and use masking tape to hold together multiple batteries in a long stick
shape (you can also use battery holders that are provided in the kit, but these seem harder to use
and manipulate than masking tape.) Try 5 D-cells and measure using light meter. Then go on to
6, 7, and perhaps 8 D-cells to see how brightness is affected. Add D-cells in this demonstration
until the one demonstration bulb fails. (Please do not put the failed bulb back in the bulb bag.)

3. Think-Pair-Share - What happened to the bulb’s brightness as we added more batteries?

4. Think-Pair-Share - We noticethat with___batteries, the bulb stopped working (or went out).
Why do you think that happened?
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Just-in-Time Content Instruction: Volts

1. Introduce the

term volts and Voltage is a kind of electrical force that makes electrical current (or
voltage with electricity) move through a wire. We measure voltage in volts. The bigger
simple definitions the voltage, the more current will flow. So a 12-volt car battery will have more

provided at right. electrical force pushing the current than a 1.5-volt flashlight battery.

2. Rewatch the YouTube video How Car Batteries Work (3 minutes) about car batteries, paying
attention to what it says about volts and voltage. Students watched this video in lesson 3;
however, we are watching it again to apply what we know about chemical energy and volts to
explain the brightness of the bulb. http://safeshare.tv/v/ss56527816be5f5

3. Pose the following task and give students some time on their own or with a partner to come up
with a response. Remind students that just like in the car battery, volts can be added up across
multiple cells (in this case, multiple D-cells).

How many volts did each D-cell have? As we added D-cells how did that affect voltage?

4. Process new information: Give students time to complete the back of the handout by creating a model to
explain what they think is going on that we can’t see that explains the difference in brightness using what
they know so far about chemical energy, volts, voltage. [Possible student ideas: Students may be thinking
about how volts and chemical energy are related or how volts help “push energy” and the more volts
result in “a bigger push.” How the battery has volts in it to give a push — perhaps hypothesizing about
how a dying battery can’t push as much as it used to, kind of like our vinegar + baking soda chemical
reaction where the bubbles aren’t as bubbly as they were at the beginning.]

Creating a Summary Table of Activity: Whole Class
(See sample entry on next page)

1. OBSERVATIONS: Reconvene asawhole class and summarize what they observed (refer
students to their data tables to remind them what they observed.)

2. LEARNING: What did we learn about volts and voltage from the video and from the definition
of voltage provided (see above box)

3. CONNECTION: Inour flashlight phenomenon, itstopped working. Think-Pair-Share: > What
might have happened with the batteries to make the bulb stop working? Or what would we
need to have to make a brighter flashlight? Write some ideas in the summary table under
“connection to phenomenon.

Science vocabulary note: Students should be proficient with the terms battery and possibly circuit.
Chemical energy and chemical reaction are still relatively new. Today’s new vocabulary from this lesson:
volts and voltage

PLANNING NEXT STEPS
o Reflect on student models the backside of student handout. Note questions you heard asked and
look ahead in the unit guide to see if they will find answers in upcoming lessons. You may decide
to add in an additional lesson about chemical energy, volts, or voltage to help answer their
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questions.

SUMMARY TABLE

The summary table rows below may be similar to what the summary table row looks like from the class discussion. Students may have
additional questions about batteries as this is just the first lesson in the series. Have students write Q’s on sticky notes and stick them on the
‘Questions’ chart or on the summary table. Check in with their questions during subsequent lessons to see if we have answersyet.

Nawe of Observations what have we Connection to
Activity Learned so far? Phenomenon
- Our battery had acld Both our battery and the | The flashlight stops
Making a (Vinegar) and metals Lemon clock used aclds | working if the battery
SLI/I/LPL& (zine, aom)er) and metals died.
Battery - we had to follow a Do all batteries have It wmight oie because the
: 3;;5;:;": pattern to malke it work actds and metals? acid dried up - Like our
M’:Q‘Ql_ it had to have 8VLOMQM bﬁtt@lfg dldnt worlke l:{l:t
E wasn't wet enough with

actd (vinegar) towork

acld.

Reading about
Batteries

- Mixing baking soda and
vinegar is a chemdical
reaction

- It went fast and bubbleot

- It eventually stopped

-batteries have wmetals
separated from aclols

- Chemieal energy is stored
in the battery

-Chemical energy s
released when battery is
connected

-Chemicals veact in the
battery eventually getting
used up

The chemdieals b the
flashlight batteries got used
wp faster because it was left
turned on using up all the
stored chemical energy.

How batteries

affect

brightness

H .
|
L
~_

1 battery - brightness 2-2
2 batteries - brightness &

3 batteriles - brightness 7-€
4 batteries - brightness 10

we found that € batteries
was too powerful for the
bulb and broke it @

As the number of batteries
lnereases, the brightness of
the bulb increases.

The power of batteries is
called volts. Each battewd
has 1.5 volts (writtem on
the side) and they add
together to get a total
voltage. (Like in the car
batterg video where & x 2 v
cell =12 v)

To have a bright flashlight
You could have move than
one battery. This also
might malke it Last Longer
because it can still work it
wouldl just be dim.

Too many batteries would
make the flashlight too
heavy to use easily and
could break the bulb.

— e L
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Lab Directions

Question:
How does the number of batteries affect the brightness of the bulb?

Materials: Procedure:
- D-cell batteries 1. Make a simple flashlight circuit using 1 D-cell,
- Small light bulb 1 wire, and 1 bulb.
- Wires 2. Use the brightness meter to measure how
- Masking tape bright the bulb is glowing. Record on the data
- Lightmeter (folded table.

paper strips) 3. Repeat steps 1 and 2 adding more D-cells into

the circuit (as shown below).

SAFETY ALERTS!

If circuit feels hot, disconnect the pieces and let them cool off.
Do NOT use more than 5 batteries in your test.

a8
\ A These drawings show how to connect multiple
= batteries in your flashlight circuit.
’> Use masking tape to easily hold batteries
N 7
= together. Only use 1 light bulb.
N —]
Test up to 6 batteries in your circuit. Do NOT
try more than 6 batteries.
Lesson 4: Batteries & Bulb Brightness 4™ Grade Circuits
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Name: Date:

Question: : |
How does the number of batteries affect the J ]
brightness of the bulb? R '
Data Table: g
Number of | Brightness Reading Other observations or notes
D-Cells (Scale of 1-10 where 1is dim
and 10 means super bright)
1
2
3
4
5
Conclusion:
Lesson 4: Batteries & Bulb Brightness 65 4™ Grade Circuits
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Explain the Findings: On the two models below, add the bulb and wire. Then, draw and
write about what you think is going on inside the batteries, wires, and bulbs that we can’t see to
explain the difference in brightness. Use what you know so far about chemical energy, light

energy, voltage, and volts.
1 D-cell 4 D-cells

Usewordsto explain: Whatdo you think causes the difference in brightness of the bulbs
comparing circuits with 1 D-cell and 4 D-cells?
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Lesson 5: Revising ideas with evidence

OBJECTIVES & OVERVIEW

Note: This lesson can completed after lesson 6 instead of before.

In this lesson, students will use the summary table as well as data sheets from investigations to apply
what they have learned and observed so far to revising their original ideas.

e Students use evidence to support new or revised claims about how circuits work or stop working.
e Students identify what made their thinking change (metacognition).

NEXT GENERATION SCIENCE STANDARDS (NGSS)

4-PS3-2. Make observations to provide evidence that energy can be transferred from place to place by sound,
light, heat, and electric currents.

4-PS3-4. Apply scientific ideas to design, test, and refine a device that converts energy from one form to
another.

Science and Disciplinary Core Ideas (DCI): Cross-Cutting
Engineering Practices PS3.B: Conservation of Energy and Energy Transfer Concepts (CCC):
(SEP) - Energy is present whenever there are moving objects, Energy and Matter -
Constructing sound, light, or heat. Light also transfers energy from Ener%y Cag _be .
Explanations — Use place to place. (4-PS3-2) ‘ ‘t/\rlzr;,ss Z;rde bé?\xzrelr?us
evidence (e.g., - Energy can be transferred from place to place by electric slifecis
measurements, currents, which can then be used locally to produce

observations, patterns) motion, sound, heat, or light. The currents may have
that specify variables been produced to begin with by transforming the energy
to construct an of motion into electrical energy. (4-PS3-2),(4- PS3-4)
explanation of a PS3.D: Energy in Chemical Processes and Everyday Life - The
expression “produce energy” typically refers to the conversion

henomenon.
P of stored energy into a desired form for practical use

MATERIALS

Per student (or pair of students): On wall:
- Pencils (colors available) - Summary table
- Summary table - any charts from lessons
- Blankand/or original model sheet
- Sticky notes

PROCEDURE

Prior to the lesson: typlcally
- - . . results in less
Make decisions about the two decision points explained here. student talk
1) Should students complete models today as individuals, in pairs, '
or in small groups?
a. Ifdone in pairs, students have to talk about their ideas before
drawing or writing them. But it doesn’t create an assessment
artifact for individual understanding.
b. Individual revisions allows the teacher to compare the
original individual model and see individual student progress,
which has benefits for grading and assessment, but this
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TEACHER DECISION POINT

Y

1. Modelling: individual, in pairs, or groups?
2. Model template: blank one or revise on their originals?

Lesson 5: Revising ideas using evidence 68 4™ Grade Circuits
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2) Should students fill in a blank model template and then compare with the original? Or use a
colored pen/pencil and draw/write directly on the original model? Or use post-itnotes?
a. Blank model scaffold then compare to original:

I

ii.

The benefit to this is that students can start fresh and the teacher can see where
the student is currently at without being reminded of prior ideas. It is also less
messy than writing on the original.

After students fill in the blank one, they can compare it to the original to
recognize points where their thinking has changed and places where it hasn’t.

b. Revise directly on original:

1.

ii.

The benefit is that students start by reviewing their original ideas (rather than
from a blank page). This can also be a drawback as it may remind some students
of alternative ideas.

It gets messy using a colored pen/pencil to write on top. Sticky notes could be
used instead of writing directly on the model using one color of things to
add/change and another color (later in the lesson) to connect evidence with
claims.

c. Color coded sticky notes stuck to original model. Students add (purple), remove
(red/pink), change(yellow) an idea, or add a question (green) onto their original model
using sticky notes to address their initial ideas.
The lesson below proposes individual modelling on a blank template; however, change the plan to fit
whatever decisions you made for the points above.

Introduce the lesson: Whole Group
1. Orient students to the purpose of today’s lesson:

a. So far in this unit students have been learning about the battery, its role in a circuit, and
what’s going on inside the battery that they can’t see. Point at wall charts to remind
students they can use them to remember what they have done and learned so far.

b. Explain that today we are going to take what we’ve learned so far to see how our
thinking has changed since the beginning of the unit.

Focal Questions: How has our thinking changed? What Why would a flashlight stop working?
evidence dowehavetosupportournew orrevisedideas? Our initial ideas

2. Direct students attention to the individual ideas
chartcreated inlesson 1 (atright). Write-pair-share:
a. Have students read over the original ideas.
Choose one that they think they know more

The switch was left on so the battery
drained and there isn’t enough left to turn
on (it flickers or get lower and lower light)

The battery ran out of energy, got low on

about now based on things they’ve done or juice, used up its “energy ball”, lost its fuel
learned in class. (like a car)

b. Students write in their science notebook or

on a sheet of paper about how they would |- bulb broke because it overheated

add to or change one of these initial ideas.

c. After afew silent minutes for writing, have - bulb broke because I could have slammed

students pair-share their responses.
3. Tell students that they will have a chance to put
down their current thinking about the flashlight
phenomenon on a blank model scaffold sheet.

the drawer too hard

something got disconnected because I
slammed the drawer shut too hard

After drawing and writing about their currentideas, |. there are electric cells in the wire that
they will use sticky notes to connect claims with move the energy around and maybe they
evidence from our summary table. ran out through the light bulb
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4.

Provide directions to students about model revisions
that are congruent with decisions made prior to the
lesson at the “Teacher Decision Point”

Students develop their own models: Individual Work

1.

Each student gets a blank model scaffold and begins
to write and draw about how and why they think a
flashlight works and what might happen that we
can’t see that would make it stop working — paying
particular attention to the role of the battery (since
that has been the majority of instruction so far.)

As you circulate, look at student drawing and
writing and ask for clarification if something isn’t
labeled or explained. (You will be looking over
their models after class, so it’s best to ask now so
you can hear their ideas and hopefully get them to
add them to their model.)

a. Ifstudents are having difficulty drawing the
parts refer them to the charts from prior
activities, the summary table, and their
science notebooks.

b. Ifstudents are drawing and writing about
their ideas about the unobservable parts of
what could be going on, try some of the
back-pocket question suggestions atright.

As students work, look for different ways students
represent what’s inside the battery, wire, and light
bulb. Prepare students to share out these ideas in
the next part of the lesson to generate a list of
hypotheses about what is going on that we can’t see
that could cause the flashlight to stop working.
During this time students can talk to each other and
the teacher about their thinking, but each individual
student records their individual thinking on their
own paper.

Select parts of models to share publicly (whole group):
Prior to this step, as you circulate while students work on the model revisions, look for different ways
students are representing what they think is inside the battery AND if/how they are connecting what
they draw with evidence from class. (It is unlikely that most students will be explicitly attending to
evidence from activities or data points yet, but if a few are, it is worth highlighting evidence since that
is what students will do in the next part of the lesson.) Let those 2-4 students know you’d like them to
share and which part of the model to share (not the whole thing).

Back Pocket Questions
Prompts if nothing is on the drawing:

- What might be going on inside the
battery that we can’t see to make it
work? or stop working?

- What have we learned about
batteries that could apply to our
flashlight?

Examples of responding to student ideas:
[ see you drew inside the battery.
What have we done in class that makes
you think that is what might be inside
the battery?

You said the battery makes the bulb

light up. How does it do that?

Prompts to connect to activities:

- What activities did we do to learn

about batteries? How can you add that
information to your model?

- How can you incorporate what we
learned from insert activity name here
from the summary table into your
model?

1. Whole group: Have students give their attention to the students presenting their piece of the
models so they are listening to ask questions or offer comparisons to their work.
2. Start with examples of a few models showing what’s inside the battery and then moving into any
that connect claims with evidence.
3. Give time to students to engage with some back-and-forth with presenting student and peers
following classroom norms for discourse.
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Connecting ideas with evidence:

1. Direct students to examine their models and examine one idea they have put down and show
them how to connect it with evidence on a sticky note.
a. For example, there is a chemical reaction inside the battery. If that’s my claim, what
evidence do I have that there is a chemical reaction happening inside the battery?
b. Have students help you work through this claim with evidence from the summary table.
Likely responses include “We did a reading and watched a video about it. The vinegar
+ baking soda showed us that reactions eventually run out kind of like how batteries run
out.”
c. Write evidence (including specific data if available) on a sticky note and stick it next to
the idea on the model.
2. Have students identify at least 2 claims and write at least 2 sticky notes connecting evidence
from an activity from the summary table to the claims they made.

Lesson Closing: How has my thinking changed?

1. Pass back original model scaffolds. Have students look at both and identify at least 1 place
where their thinking has changed.
2. On the back of their new model sheet, students write about how their thinking has changed and
what activities helped their thinking change. Use the sentence starters below:
| used to think that...
Now [ think...
My thinking changed because...
3. Gather original and new models to analyze after class using the what-how-why tracker or RSST.

PLANNING NEXT STEPS

o Reflect on student models. Fill out an RSST (see lesson 1 for master copy of RSST template). What
understandings do most students currently have about chemical energy, batteries, chemical
reactions, etc. What gaps still exist in students understanding of chemical energy and how batteries
work?

e Save the set of students’ individual midpoint models as a formative assessment. Compare ideas in
the models and compare it to the What-How-Why levels of explanation. Are students only labeling
and saying what happens? Or are they also attempting to explain how or why something happens
using causal statements and information from activities? If not, what changes can be made to better
support students in doing this?
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Lesson 6: Conductors and Insulators

OBJECTIVES & OVERVIEW

In this lesson, students observe that some materials conduct electric
current while others do not.

e Students observe and record data about materials that are conductors

or insulators using a circuit tester.

e Students learn about the role of electrons in electric current.

Teacher Note: Not all students will fully understand the ideas presented about electrons
in this lesson. This explanation is beyond grade-level expectations; however, it is a good
introduction for when students learn more about particles and charges in upper grades.
It is included in this lesson because (1) students likely have questions about the + and -
on the battery label, this is related to understanding the charges of electrons and how

electrons behave, and (2) electrons explain why certain materials conduct electricity and
others do not.

CONNECTION TO KIT

QO

See Lesson 7:
Conductors and
Insulators Pgs 39-43

NEXT GENERATION SCIENCE STANDARDS (NGSS)

4-PS3-2. Make observations to provide evidence that energy can be transferred from place to place by
sound, light, heat, and electric currents.

Disciplinary Core Ideas (DCI): Cross-Cutting Concepts

Carrying Out Investigations

- Make observations to
produce data to serve as
the basis for evidence for
an explanation of a
phenomenon.

Scientific Knowledge is
Based on Empirical
Evidence - Science findings
are based on recognizing
patterns. (4- PS4-1)

PS3.B: Conservation of Energy and Energy Transfer
- Energy can be transferred from place to place by
electric currents, which can then be used locally to
produce motion, sound, heat, or light. The
currents may have been produced to begin with
by transforming the energy of motion into
electrical energy. (4-PS3-2),(4- PS3-4)

PS3.D: Energy in Chemical Processes and Everyday
Life - The expression “produce energy” typically
refers to the conversion of stored energy into a
desired form for practical use

(CCO):

Energy and Matter -
Energy can be transferred
in various ways and
between objects

MATERIALS

For each pair of students:

- 2circuit testers* (see pg 39)

- 1bag of assorted materials
* You can have students construct these as part of lesson. If so, allow for extra time. Students can test
materials in the simple circuit set-up (without holders)

Per student:

Science notebook and pencil
Lab sheet handout (optional)

Videos:

Bill Nye clip (2 min) http://safeshare.tv/w/ss564023c9e24bd

Electricity 101 - Conductors and insulators (9m 37s) http://safeshare.tv/v/ss56528725bfe6a

Demo:
Act like an electron cards
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PROCEDURE
Prior to lesson:

- Identify any student models or ideas related to wires, particularly ideas about why/how current
flows (see examples below - Left: The zigzags represent energy that can go through wires to get to
the light bulb; Right: ‘electricity cells going through the wire’ is similar to an electrons idea
presented in the just-in-time instruction portion of this lesson).

- Look for any questions students have noted on the summary table to original models that pertain
to materials that allow current to pass or not.

you think is happening /ns/de the D-Cell, the wire, and the light bul
sentences below each diagram. Use the back if you need more sp
ks =3 v A\ &

\

\ v ) / ) B L Bl P LA ” \ ;

‘4:,\_,\./\\\ _4;'-._\'”

D-Cell

bulb are connec?édtathe D-céllina particular way, the

Introduce the lesson: Whole Group

1. Orient students to the purpose of today’s lesson:

a. Introduce this lesson by featuring 2-3 student ideas about what’s going on inside the
wires that we can’t see that lets electricity pass through it or ideas about how electricity
flows in a circuit.

b. Explain that today we will be testing several materials to see if they let current pass
through them - these are called conductors. And seeing which materials don’t work in
our circuit - these are called insulators.

c. FocusQuestion:Why are some materials conductorsforelectriccurrentbut othersare
not?

Collect Data from the Investigation:

1. Remind students how to make a simple circuit referring to
the chart from lesson 1 (or use the circuit tester set up WAL i st s e ek
shown on page 39 and 41). If using a simple circuit, place
items in the bag between the bulb and a battery or
between the wire and battery to see if it completes the
circuit. Circuit testers (p 39) may be easier for students to
manipulate but also take time to assemble.

2. Give brief directions about how to test items and record
data. Remind students about the safety alert

Conclusion
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3. Pass out material tubs to table groups and have SAFETY ALERT!

students begin building circuits, testing materials,
and collecting data

4. Once students are underway with conductingtests
and recording data, use the back-pocket question
suggestions (atright) to getstudents thinking about
the patterns they are observing.

If materials begin to feel hot or warm, put
down the materials and disconnect pieces.

5. Give time for students to write a short
conclusion using data from their table to Back Pocket Questions
answer the focal question.

6. Once most groups are finished collecting
data, as a whole class, fill out the
“Observation” box on the summary table
including specific data from the investigation. | ,
Retest any materials that got mixed results.

1. What do you notice about the kinds of
materials that work and let current pass
through (conductors)?

. Have any results surprised you so far?
3. What other materials would you want to

test? Based on the pattern in your data, what
would you predict?

Just-in-Time Content Instruction: Electrons

1. Introduce the

term electrons Everything is made of tiny particles. All matter is made of tiny
with simple particles called atoms. Atoms are made of even smaller bits,
definition one of which is an electron. Atoms have different numbers of
provided atright. electrons. Electrons are what allows electricity to flow through

some materials but not others. Electrons are tiny particles
inside matter with a negative charge. This is kind of like
magnets where negative charges are attracted to positive
charges and negative charges repel other negative charges

The terms atom
and electrons will
be in the video(s)
students watch
next.

2. Learn from video: Watch the short clip from the Bill Nye video found here_
http://safeshare.tv/w/ss564023c9e24bd (It is queued up to 1:15 and will end at 3:32 - this
portion is all you need to show). Have students use the back of their lab sheet to take notes.
Replay as needed. OPTIONAL: If you'd like to show another video YouTube video “Electricity 101
- Conductors and Insulators” (9 min 37 sec) http://safeshare.tv/v/ss56528725bfe6a and have
students use the notes sheet (on the back of the lab sheet if using the handout). If not using a
handout, have students listen for and take notes about what the video says about electrons. (The
video uses other terms, too, but just focus on electrons.)

3. Actlike an electron: Part 1 (whole class)
a. Have students stand in a circle, shoulder to shoulder in a circle. They are electrons in
the copper atoms in a wire.
b. Select 1 student to be a D-cell and one student to be a light bulb. Students near the
bulb and D-cell will touch the card with their finger at the critical contact point to
complete the circuit.
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c. Tell students that when the circuit is connected they will bump in one direction,
leaving out of the - end of the battery and moving in a circle around to the + end.
Try it. Notice that the electrons in the copper atoms in the wire are not moving very
far (maybe %2 step) kind of like if they hopped to the next atom in the wire (like the
video showed).

d. Now add in a person acting as a plastic spoon into the circuit. Will the current flow?
No, because plastic is an insulator.

e. “Test” afew other items in the human circuit. Which ones let the electrons bump?
Which ones don’t? (Use the data table from the investigation).

4. Actlike an electron: Part 2 (small group demonstration)

a. With students gathered on the carpet so they can see, have a group of 6 students
volunteer and stand at the front of the room.

b. Assign 3 students to be a “copper atom”. Atoms of copper have 1 free electron. So
each ‘copper atom’ student has 1 free electron standing near it moving around it in
circles. As soon as the copper is in a circuit, then the electrons can move in one
direction, hopping and figure-eight moving from one atom to the next (have students
show this by atoms staying still and electrons moving from one atom to the next).

c. Now try this with a new set of 6 students. 3 students will be particles (molecules) of
glass. Glass is an insulator and holds on tightly to its electrons (they are busy holding
together other atoms in the molecule) and can’t move away. The students who are
particles of glass link elbows with their electrons. When the glass is put into a circuit,
no current will flow because the electrons can’t really move or hop from one to the
next (like what happened in the copper).

5. Give students time to complete the back of the data sheet.

Creating a Summary Table of Activity: Whole Class
(See sample entry on next page)

1. OBSERVATIONS: Reconvene as a whole class and summarize what they observed from
their insulators and conductors test, if you have not already done so (refer students to their
data tables to remind them what they observed.)

2. LEARNING: What did we learn about electrons? What do we know about electrons in
conductors compared to electrons in insulator materials? How does this explain why
conductors move electric current and why insulators do not?

3. CONNECTION: In our flashlight phenomenon, Think-Pair-Share: - How does what we
know about electrons explain how a flashlight circuit works? Write some ideas in the
summary table under “connection to phenomenon.

Science vocabulary note: Students should be proficient with the terms battery, circuit, chemical
energy, and chemical reaction. Volts and voltage are relatively new by students are familiar with
them. New vocabulary terms for today are electrons, conductors, and insulators.

PLANNING NEXT STEPS
e By the end of the unit, students are expected to identify examples of electrical conductors and
insulators and know that conductors help transfer or transform energy in an electric circuit.
Students in 4™ grade do not need to fully understand the electron story. The just-in-time instruction
in this lesson is all students at this level need to know but it is beyond grade level understanding.
Knowing about electrons, however, helps students think about and represent the unobservable
mechanisms of what’s going on inside the battery, wire, and bulb in the circuit.
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SUMMARY TABLE
The summary table rows below may be similar to what the summary table row looks like from the class discussion. Students may have
additional questions about batteries as this is just the first lesson in the series. Have students write Q’s on sticky notes and stick them on the
‘Questions’ chart or on the summary table. Check in with their questions during subsequent lessons to see if we have answers yet.

Nawe of Observations what have we Connection to
Activity Learned so far? Phenomenon
- Our battery had acio Both our battery and the | The flashlight stops
Making a (Vinegar) and metals lemeon clock used acids | working if the battery
Stmple (zine, copper) anod metals died. it might die because
Battery - we had to follow a Do all batteries have the acid dried up - Like
: B pattern to make it work aclos and metals? our battery didn't work iof
“E}m. - it hasl to have enough ;tcz;asw’t wet enough with

acid (vinegar) to work

Reading about
Batteries

- Mixing baking soda and
vinegar s a chemical
reaction

- It went fast anol bubbled

- It evewtmu@ stoppedt

- batteries have metals
separated from acios

- Chemtieal energy Ls stored
in the battery

- Chemical energy is
velensed when batte@ Ls
conmectedt

- Chemieals veact Ln the
battery eventually getting
used up

The chemlenls b the
flashlight batteries got used
wp faster because it was Left
turned on usting up all the
stored chemical energy.

How batteries

affect

brightness

—
=

@ -

] |

1 battery - brightness 2-3
2 batteries - brightness &

3 batteries - brightwness 7-€
4 batteries - brightness 10

we found that € batteries
was too powerful for the
bulb and broke it @

As the number of batteries
increnses, the brightness of
the bulb tnereases.

The power of batteries is
colled volts. Each batt@rg
has 1.5 volts (writtew on
the side) and they add
together to get a total
voltage. (Like bn the car
batterg vidleo wheve & x 2 v
cell =12 v)

To have a bright flashlight
you could have more than
one battery. This also
might make it Last Longer
because Lt can still worke it
would just be dim.

Too many batteries would
make the flashlight too
heavy to use easily ano
could break the bulb.

Conductors
and nsulators

- Metals such as colns,
paperclips, and foil make
the cireuit work (Light
turns on)

- Plastic and glass do wot
make the clreuit work
(Light bulb does not turn
on)

- All wntter tswndle of
particles like atoms.

- Conductors allow electric
CUrVEnt topass

- Conductors have free
electrons that canbuump
and transferenergy.

- Insulators block or stop
electric curvent because they
hold ontightly to their
electrons.

A flashlight case can be
wmade of metal or plastic. (f
wmaole of metal it is
bmportant not to have it
touch exposed parts of the
flashlight clreuit or it
might short clreuit. Plastic
malkes a better case because
it's light-welght, cheap and
a non-conductor.

m
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Examples of student work applying knowledge of electrons:

—
—

electedns
yhex ’

Move theovgh \
the WIE oy

"

Explain why conductors
work:

“The electrons move
through the wire by
bumping other electrons
and atoms quickly they get
to the top of the wire and
then move out but theirs
allways the same amonte
of electrons in the wire”

<X
Xo®
Wile

¥R e

hothing to MAKE

$hemr Y s Fe= b
ih +he e84
¥ \a\cb\. 3

Explaining how electrons
behave in a conductor if the
battery is dead:

“He means they have nothing to
make them move in the first
place —no electric current —
electrons slow down because
they’re tired — stop bumping”
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Name:

Date:

Question:

Which materials allow electric current to flow in a circuit?

Data Table:
Material Prediction Result of test
(Yes/No) (Yes/No)

golf tee

soda straw

brass screw

paper clip

aluminum screen

piece of chalk

wooden pencil stub

brass paper fastener

wire nail

aluminum nail

marble

pipe cleaner

bare aluminum wire
Conclusion:
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Explain the Findings: Draw the differences between a conductor and insulator in a light
bulb circuit. Then, draw and write about what you think is going on inside the conductors and
insulators that we can’t see to explain how conductors and insulators work. Use what you know
so far about conductors, insulators, and_electrons.

Drawing of my ideas about conductors and insulators:

Use words to explain: Why are some materials conductors of electric current and others not?
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Act Like an Electron Cards: Part 1 — Copy page and cut/fold as directed. Light bulb, cut and fold so that
the student who is the light bulb can flip the card to indicate if the bulb is on or off. For the D-cell, cut
out the card and have students in the wire (the copper electrons) touch the critical contact points when
connected in the elbow-to-elbow or shoulder-to-shoulder circuit. Electron cards — copy and cut so all
other students have an electron card.

(1

%

Off On

BATTERY
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electron

electron

electron

electron
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Lesson 7: What's inside a light bulb?

OBJECTIVES & OVERVIEW
In this lesson, students learn about light and heat energy. This lesson

furthers studentunderstanding about the relationship between voltage

and brightness (from lesson 4), the purpose of insulators (from lesson
6) and also adds on information about energy transformations.

Students observe and record data about the relationship between

voltage and bulb brightness using a household bulb.

Students hypothesize about the role of the glass bead (in small
bulb) and glass structure (in large bulb) between the support wires
using what they know about conductors and insulators.

Students begin to learn about light and heatenergy (which
continues into the next lesson about filaments).

NEXT GENERATION SCIENCE STANDARDS (NGSS)

CONNECTION TO KIT

QO

See Lesson 4: What is

inside a Light Bulb?
pgs 21-24

4-PS3-2. Make observations to provide evidence that energy can be transferred from place to place by
sound, light, heat, and electric currents.

Carrying Out Investigations
- Make observations to
produce data to serve as
the basis for evidence for
an explanation of a
phenomenon.

Scientific Knowledge is
Based on Empirical
Evidence - Science findings
are based on recognizing
patterns. (4- PS4-1)

Disciplinary Core Ideas (DCI):

PS3.B: Conservation of Energy and Energy Transfer
- Energy can be transferred from place to place by
electric currents, which can then be used locally to
produce motion, sound, heat, or light. The
currents may have been produced to begin with
by transforming the energy of motion into
electrical energy. (4-PS3-2),(4- PS3-4)

PS3.D: Energy in Chemical Processes and Everyday
Life - The expression “produce energy” typically

refers to the conversion of stored energy into a
desired form for practical use

Cross-Cutting Concepts
(CCQ):

Energy and Matter -
Energy can be transferred
in various ways and
between objects

MATERIALS

see p22 for materials list (household bulb, wires, 20 D-cell batteries, wooden holder for batteries)
see p12 for removing the base from the bottom of a large light bulb (120v household light bulb)
Student recording sheet (1 per student)

PROCEDURE

Introduce the lesson: Whole Group
1. Orient students to the purpose of today’s lesson:

a. Introduce this lesson by featuring 2 student ideas about what’s going on inside the light
bulb that we can’t see that lets electricity pass through and change to heat and light.
[Possible ideas such as: filament glows brighter with more power, filament gets red
because it’s heating up, bulbs are made of glass to keep the heat/light/electricity inside,
the glass part inside helps keep the wires separated, etc.]

b. Explain that today we will be making observations of a large lightbulb to figure out
more about just what is happening inside the light bulb. The small bulbs are great for
small tests, but to really look inside, we are going to use large bulbs today.

c. Focus Question: How do the parts inside the light bulb help it work?
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Make Observations: SAFETY ALERT!

1. Pass out student recording sheets.

2. Hold up large light bulb so students can see it (place under
document camera to make it larger or pass around a few
intact bulbs for students to observe). Ask students what they
notice inside the light bulb. . .

. . may have sharp wires or pieces

3. Write-pair-share: Have students use what they learned about 50 if you allow students to
insulators and conductors to answer question 1 on the front gently touch it, do so with care.
of the recording sheet. Share responses in partners.

Light bulb with base removed

Collect Data:
1. Inthis demonstration, students use the recording sheet to
note observations (if light bulb is bright enough in a dark Back Pocket Questions

room, use the paper light meters.)

2. Follow directions on p 22-24 of binder guide showing
how to have students help with the demonstration to light
both the intact large bulb and the large bulb with base
removed using up to 20 D-cells. 2

3. Students record observations on their sheet. Use the back-
pOCket questions in the box at rlght to help students think 3. How was using mu]tip]e batteries

1. What do you notice about the
brightness as we added more D-
cells?

. Why do you think that happened?

about their observations prior to writing conclusions. to light this large bulb similarand

4. Have students write a conclusion based on the data they different from our test with the
collected to answer the investigation question on the lab small bulb? (From lesson 4, see
sheet. [Possible conclusion could be: The bulb got brighter summary table)

and brighter the more D-cells we added to the circuit. The bulb _
went from brightness 1 with 5 batteries to brightness 4 with 20 4. What dO_YO_u think the glass
batteries. This happened because more batteries means more support inside the bulb does? Why
voltage.] is it there?

Just-in-Time Content Instruction: Heat and light energy
1. Introduce the terms light energy and heat energy. Use the text below to support students in
understanding these terms. Add them to a list of types of energy including chemical energy
(from the battery) and electrical energy (from the wires when current is flowing).

Light and heat are forms of energy. Both heat and light can be moved from
one place to another. For example, with a lamp we can feel the heat radiating
from the bulb when we put our hands near it. The heat energy from the bulb
moves into the air and then into our hand. Light energy can also be transferred
from one place to another. Light energy is the only form of energy that we can
actually see directly.

2. Have students use what they know about conductors and insulators to talk about how different
materials could help transfer or transform heat or light energy. Some examples:

a. Atthe beginning of the unit, we had a question on our question chart about why the filament was
such a curly shape. We hypothesize that the funny shape helps it make light. How could we use
our new terms of light energy and heat energy to describe what the filament does?

b. Atthebeginning of class I heard Jasmine say that she thought the filament lets current to through
it to make light because it is metal. What do we think about that idea? Do conductors help
change electrical energy into another form?
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Creating a Summary Table of Activity: Whole Class
(See sample entry as part of the summary table example below)
1. OBSERVATIONS: Have students summarize what they observed from this lesson.
2. LEARNING: What did we learn about light and heat energy?
3. CONNECTION: In our flashlight phenomenon, Think-Pair-Share: > Howdo thepartsinside
thelightbulb help itwork? Write some ideas in the summary table under “connectionto
phenomenon”

Science vocabulary note: Students should be proficient with the terms circuit, chemical energy, light
bulb, conductor, and insulator. New vocabulary terms for today are light energy and heat energy.

PLANNING NEXT STEPS
In the nextlesson, students will have more time to reason about energy transfer and transformation
so itis fine if all students are not comfortable talking about energy just yet. During this lesson,
encourage students to make connections about what they know about conductors and insulators in
how they think the light bulb works.

SUMMARY TABLE

Activity

Observations

what have we Learned?

Connection to Phenomenon

Making a Stmple
Battery

2ine washer

(B
e

mj 2

Oour wm@ haot acid (vinegar) and
metals (zine, copper)

We had to follow a pattern to make it
work

it haol to have enough actol (vinegar)
to work,

Both our battery and the lemon clock used
actds and metals
Do all batteries have acios ano metals?

The flashlight stops working if the battery
died. (t might die because the acid dried up -
Like our battery didnt work if it wasw't wet
enough with acid.

Rrending about Batteries

=~

Mixing baking soda and vinegar isa

chemical veaction
It went fast anot bubbled
It eventually stopped

- batteries have weetals and aclds
- Chewleal energy s stored in the battery
- Chemical energy is veleased whewn batteryis

connecteo

- Chemleals veact in the battery eventually

gettlng used up

The chemdicals in the flashlight batterles got
used up faster because it was Left turned on
using up all the stored chemical energy).

How batteries affect
brightness

1 battery - brightness 2-3
2 batteries - brightness &

3 batteries - brightness #-2
4 batteries - brightness 10

we found that € batteries was too
powerful for the bulb and broke it @

As the number of batteries increnses, the
brightness of the bulb increases.

The power of batterles is called volts. Eac
battery has 1.5 volts (written o the side)
and they add together to get a total voltage.
(Like n the car battery video where & x 2 v
cell = 12v)

To have a bright flashlight you could have
more than one battery. This also might make
it Last Longer because it can still work it would
Just be dim. Too many batteries would make
the flashlight too heavy to use and could break
the bulb.

Conductors and
Insulators

Metals such as aoms,wpemups,
and foll make the clreult work
(Light turns on)

Plastic and glass do wot makethe
clreutt work (Light bulb does not

turn on)

Allwatteris madeof particleslike atoms.
Condluctors allowelectric curventtopass
Conductors havefreeelectrons that can buump ano
transfereneroy).

Insulators block or stop electric curvent because
they hold on tightly to their electrons.

A flashlight case can be wmade of metal or
plastic. f made of wetal it is important not to
have it touch exposed parts of the flashlight
civeult or it might short clveuit. Plastic
makes a better case because it’s Light-welght,
cheap and a non-conductor.

what's Lnstoe
a light bulb?

N filament
support wires._|
glass support
supp
ceramic insulator
p o .
metal tip

- Support wires hold up
the filament

- The filament glows to
make Light and heat

- The more D-cells we
have the brighter the
bulb

For a household Light bulb:

- 1 D-cell = 1 brightness

- 20 D-cells = 4
brightness

- Uight andl heat ave kinds of
energy)

- Light and heat energy can
wove from one place to
another

- The wore batteries means

there's more chemical energy
to make the bulb bright and
brightness is like more light
energy)

The flashlight bulb has parts
Like the bulb we Looked at
today like support wires, a
filament, and glass
structure to help it work.
Conductors Like wires Lets
electrical energy travel but
insulators like glass do not.
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Name: Date:

Focus Question:

How do the parts inside the light bulb make it work when it
is part of a circuit?

Anatomy of a light bulb:

A B
with base without base

filament

) support wires {

glass support

“ :_: support wire.

&==<— ceramic insulator
. .
metal tip

1. What does the filament look like? What does it do?

2. The parts in a light bulb are made of metal, glass, and ceramic. Why do you think
they use these specific materials? (Hint: Use whatyou know about insulators and conductors)
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Investigation Question:

How does the number of batteries affect the brightness of a large

light bulb?

Data Table:

Number of
D-cells

Brightness of bulb

5

10

15

20

Conclusion:
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Lesson 8: Making a Filament

OBJECTIVES & OVERVIEW
In this lesson, students continue learning about light and heat energy

and how energy is transformed from one form to another.

Students make a physical model of a light bulb to observe what a

filament does.

Students reason about how a filament can transform electrical

energy into heat and light using what they know about conductors
and what the read in the lesson.

NEXT GENERATION SCIENCE STANDARDS (NGSS)

CONNECTION TO KIT

QO

See Lesson 8: Making a

Filament
pgs 45-47

4-PS3-2. Make observations to provide evidence that energy can be transferred from place to place by
sound, light, heat, and electric currents.

Carrying Out Investigations
- Make observations to
produce data to serve as
the basis for evidence for
an explanation of a
phenomenon.

Scientific Knowledge is
Based on Empirical
Evidence - Science findings
are based on recognizing
patterns.

Disciplinary Core Ideas (DCI):

PS3.B: Conservation of Energy and Energy Transfer
- Energy can be transferred from place to place by
electric currents, which can then be used locally to
produce motion, sound, heat, or light. The
currents may have been produced to begin with
by transforming the energy of motion into
electrical energy. (4-PS3-2),(4- PS3-4)

PS3.D: Energy in Chemical Processes and Everyday
Life - The expression “produce energy” typically

refers to the conversion of stored energy into a
desired form for practical use

Cross-Cutting Concepts
(CCQ):

Energy and Matter -
Energy can be transferred
in various ways and
between objects

MATERIALS

see p45-46 for materials (D-cell, battery holder, bulb, bulb socket, pieces of wire, clay, nicrhome wire)
see p46 for model of student-constructed light bulb

student readings

chart with labeled parts of light bulb (support wires, filament, glass structure, etc.)
chart with list of forms of energy
optional: copy of diagram on p46 for partners/groups to refer to when attaching the filament in the circuit

PROCEDURE

Prior to the lesson: Recall what questions and ideas students had about the filament from lesson 7.
These question and ideas can anchor today’s lesson. Also, try the experiment yourself. This activity
may require some troubleshooting if the ends of the wires do not have a good connection.
Introduce the lesson: Whole Group
1. Orient students to the purpose of today’s lesson:
a. Building off yesterday’s lesson where we looked closely at how the parts inside the light
bulb help it work. Some of you were wondering why the filament (gesture at chart of
labeled light bulb) glows but the support wires do not even though we think they are all
made of metal. [Remind students of their questions and ideas from lesson 7 that only
pertain to the filament — not about other parts of the bulb. If they did not have any
questions or ideas, ask them now what they would like to know about the filament.
Possible student questions: What makes it glow? Why does it break? Why does ithave
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to be curly? Possible student idea: The filament glows because it’s thinner than the
support wires so the electricity doesn’t have as much space to move so it gets stuck and

rubs and gets hot.]

b. Explain that today students will be making our own filament glow in a simple light bulb

circuit. (Show students the diagram on p 46).

c. Remind students about the safety alert (at right) when working with the materials today.

Make Observations: Pairs/Groups

1. Have students work in partners to make the circuit

(shown in the diagram on p46) using the nichrome wire SAFETY ALERTS!

as the filament.
2. Students sketch and label the circuit in their science

notebooks, indicating the part of the circuit that glowed.

3. Asstudents are building and sketching, circulate to
address any issues with materials and encourage
students to help each other.

4. Atthe end of this portion of the lesson, have students
think and write briefly about this question in their
science notebooks: What makes the filament glow?
[Possible sentence starters: The filament glows
because... The filament is made of metal so it glows
because... The shape of the filament is thin and curly
which makes it glow because...]

Just-in-Time Content Instruction: Energy transformations

1.

Introduce the term energy transformation by referring
students to the list of forms of energy on the chart and
explaining that when energy changes forms it’s called a
transformation (Ifneeded, reviewthetermslightenergy
and heat energy from the text box in lesson 7.)

Tell students that they will do some reading to get
more information about energy transformations and
how the filament works. Have students read the short
articles about “Why do hot things give off light?” and
“How do filaments work?” You could choose to use

one or the other but both have a focus on energy
transformations.

In partners, have students locate information in the
reading as evidence to answer the question aboutthe
guestion “What makes a filament glow?”

As a class (whole group), come up with some ideas
with evidence from the text and from student reasoning
to explain how the filament helps transform or change
electrical energy in the wire into heat energy and light
energy. Use think-pair-shares during the whole class
discussion so all students have time to talk about their
ideas and listen to their peers. (Possible chart shown at
right.)
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+ Thin nichrome wire can cause cuts if
it is pulled too hard.

 Nichrome wire gets hot when it
glows. Remind students not to

touch it until it has cooled.

- Hot nichrome wire can ignite
flammable materials, such as paper.

READING INTEGRATION

This lesson contains readings that could be used
during reading time and then revisited now during
the science lesson.

How does the filament transform energy?

Our ideas EvidencefromReading

+ Has to be thin to “The fatter the
let electricity pass conductor the easierfor
through it but to electricity to flow”
make it harder to (Paragraph 2)
go

= “95 percent of the

+ Thicker wire electrical energy that
makes it easierfor goes into the filament
electricity to flow is wasted as heat

/ energy” (paragraph 3)
- It gets hot because

of friction between - Not sure about friction
electrons in tight from electrons,reading
space in thin wire didn’t say
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Creating a Summary Table of Activity: Whole Class
(See sample entry as part of the summary table example below)
1. OBSERVATIONS: Have students summarize what they observed about how the filament looks.
2. LEARNING: What did we learn about filaments and energy transformation from the reading(s)?
3. CONNECTION: In our flashlight phenomenon, Think-Pair-Share: > What makes the filament
change electrical energy into heat and light energy? Write some ideas in the summary table
under “connection to phenomenon”

Science vocabulary note: Students should be proficient with the terms circuit, chemical energy, light
energy, heat energy. New vocabulary terms for today are energy transformation.

SUMMARY TABLE

Activity

Observations

what have we Llearned?

Connection to Phemomenon

Making a Sitmple
Battery

2ine washer

e Seakad in
c‘?" QL
>

Our battery had acid (Vinegar) and

wmetals (zine, aopmw)

we had to follow a pattern to make it
work

It had to have enough acio (vinegar)
to worke

Both our battery and the lemon clock used
actds and metals
Do all batteries have aclds and metals?

The flashlight stops working if the battery
died. tt might die because the acid dried up -
Like our battery didnt work if it wasn't wet
enough with acid.

Reading about Batteries

)

Mixing baking soda and vinegar isa
chemical reaction

It went fast anol bubbled

It eventunlly stopped

- batteries have weetals and aclos
- Chenical energy is stored in the battery
- Chemieal energy is released whewn batteryis

connecteol

- Chemicals veact in the ba'ctevg eventually

getting used up

The chemdicals tn the flashlight batterles got
used up faster because it was Left turned on
using up all the stored chemical energy).

How batteries affect
brightness

1 battery - brightness 2-2
2 batterles - brightness &

3 batteries - brightness #-2
4 batteries - brightness 10

Wwe found that € batteries was too
powerful for the bulb and broke it @

As the number of batteries increnses, the
brightness of the bulb increases.

The power of batteries is called volts. Each
battery has 1.5 volts (written o the side)
and they add together to get a total voltage.
(Like tn the car bat‘re% video where & x 2 v
cell =12v)

To have a bright flashlight you could have
more than one battery. This also might make
it last longer because it can still work it would

Just be dim. Too many batterles would make

the flashlight too heavy to use and could break
the bulb.

Conductors and
Insulators

Metals such as colns, paperelips,
and foil make the clreuit work
(Light twrns on)

Plastic and glass do not makethe
clreuit work (Light bulb does not
turn on)

Allmatteris madeof particleslike atoms.
Conductors allowelectric curventtopass
Conductors havefregelectronsthateanbumpand
transferenegy.

Insulators block or stopelectric currentbecause
they hold on tightly to their electrons.

A flashlight case can be made of metal or
plastic. f made of wetal it is important not to
have it touch exposed parts of the flashlight
civeult or it might short civeuit. Plastic
makees a better case because it’s Light-welght,
cheap and a nwon-conductor.

what's inside a light
bulb?

Support wires hold up the filament
The filament glows to make Light
and heat
The more D-cells we have the brighter
the bulb

For a household Llight bulb:
1 D-cell = 1 brightness
20 D-cells = 4 brightness

Lightand heatare Rinds of energy
Uightandheatengrgy canmovefromoneplace
to another

The wore batteries means there's wore chemdeal
eneroy tonakethe bulbbrightand brightnessis
liemorelightenergy

The flashlight bulb has parts Like the bulb we
Looked at today Like support wires, a filament,
and glass structure to help it work.
Conductors Like wirves lets electrical energy
travel but tnsulators Like glass do wot.

Making a
filament

The Nichrome wirve glows
whewn it's a filament in a
clreuit powered by 2 -
cell batteries

Lesson 8: Making a Filament

we Lenment from the reading
that the size of the conductor
(short/long or thin/Aat) can
affect how electric energy
moves through it.

Short, thin conductors malke
gooo filawments.

The flashlight bulb has a
tiny filament that glows to
mare the light energy tn the
flashlight clreutt. The
filament transforms some of
the electrical energy tn the
wire lnko Light energy and
heat energy.
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PLANNING NEXT STEPS
Based on student writing and talk from today’s lesson, students will likely need more time thinking,
talking, and writing about energy transfer and transformations before moving into telling the energy
story on their final models of the flashlight phenomenon, spend another lesson and a suggestions
below:
1. Watch and discuss. Use one or both of these short videos to help students be more
comfortable identifying forms of energy and describing how they change forms:
Energy transformations (5 min 46 sec) http://safeshare.tv/v/ss56499646d27da (slower
speaking pace, lots of labels, video summary at end, good for English Learners)
Types of energy (2 min 2 sec) http://safeshare.tv/v/ss564997f9834df (cartoon showing

caveman experiencing and narrator naming different kinds of energy)

2. Tell the energy story of everyday events. Discuss some everyday events and examples and
trace and name the energy forms and transformations. Students can discuss each example and
then quickly sketch and label the types of energy and where the transformations occur. For
example:

o Atoaster turns bread into toast:
= Plug the toaster into the wall socket to get electrical energy.
=  When the toaster is turned on, the filaments in the toaster transform the electrical
energy into heat energy, and some light energy.
= The heat energy changes the cold bread into toast.
= Finally some of the electrical energy turns into energy of motion as the spring pops
up the toast and a little bit turns into sound energy because we hear it pop up.
o A fire roasts marshmallows to make yummy s’'mores:
= The wood has stored chemical energy.
=  When the wood is burned, the chemical energy in the wood transforms into light
and heat energy in the fire.
= The heat of the fire transfers into the cold marshmallows, warming them up and
melting them.
=  We eat the hot marshmallow on a s’'more and get some chemical energy from the
food we can use for energy of motion.
o Come up with other events and have students sketch and label energy transfers and
transformations. Students may come up with their own ways to model energy using arrows
(and size of arrows), here are some possibilities:

Transferred as Transferred as
electrical energy light energy
Battery (store of ) Light -
chenmical energy) Lamp Surroundings ight energy
Transferred as Electrical
thermal energy energy WASTED ENERGY
Surroundings Heat energy
. . th . .
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Above: Burning logs react with oxygen to produce carbon
dioxide gas, water (steam), and a lot of energy. Below: A
candle burns over time using up the stored chemical
energy in the wax, transforming the chemical energy to
light and heat energy.

Lesson 8: Making a Filament

Why do hot things give off light?

Set fire to logs and you'll get a red glow and
a warm feeling. People know that hot things
give off light. But why do hot things give off
light?

The burning wood reacts with oxygen in the
air to change wood into carbon dioxide gas
and water (steam). Doing this releases a lot
of energy. Some of that energy is heat, some
is light, and a little bit is sound energy, too
(in the crackling and hissing of the logs).

Candles used to be popular to have light. A
candle has a flame by slowly changing the
energy stored in the wax into heat and light
energy. Candles will burn out eventually.
All the energy to make candlelight has to
come from the wax, which slowly burns
away.

& EXPLAINTHATSTUFF!

Article modified from http.//www.explainthatstuff.com/incandescentlamp.htm/
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How do filaments work?

Why do filaments glow? Electricity flows
better through some materials than
others. Metals let electricity flow easily.
Some metals are better conductors than
others. Silver is better than gold. Gold is
better than copper. Copper is better than
aluminum. Not all conductors are metals.
Carbon is a good conductor and itis nota
metal.

Take a piece of a conductor and you can
make electricity flow through it better by
doing two things. First, make it shorter.
The longer the piece of conductor, the
more work electricity has to do to get
through it. Second, make it thicker. The
fatter the conductor, the easier it is for the
electric current to flow. If you have a
conductor that is both short and thin in
the right shape, when you pass electric
current through it, it will glow. You have
just made a filament.

Incandescent light bulbs give off an

incredible amount of heat energy to also
make a decent amount of light.

& EXPLAINTHATSTUFF!

Article modified from http.//www.explainthatstuff.com/incandescentlamp.htm/

Lesson 8: Making a Filament
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Photo: A modern, e‘Iectric incandescent lamp. Left: The
filament is a length of tightly coiled tungsten metal
stretched between two terminals that let the current flow

The filaments inside a toaster glow red hot to turn
bread into toast. The filaments in a toaster are
efficient at transforming electrical energy into heat

CFLs come in a variety of shapes. These light
bulbs do not use a filament to transform electrical
energy into light energy.

4t Grade Circuits
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Lesson 9: Telling the Energy Story (Revising Models)

OBJECTIVES & OVERVIEW
In this lesson students use all of the experiences and evidence they have accumulated in the unit
(displayed on the summary table) to explain the phenomenon of a flashlight that eventually stops
working (or other related phenomenon).
e Students model evidence-based ideas about energy transfer and transformation in a circuit.
e Students justify model decisions based on critique from peers and evidence from activities.

NEXT GENERATION SCIENCE STANDARDS (NGSS)

4-PS3-2. Make observations to provide evidence that energy can be transferred from place to place by
sound, light, heat, and electric currents.

4-PS3-4. Apply scientific ideas to design, test, and refine a device that converts energy from one form to
another.

Science and Engineering Disciplinary Core Ideas (DCI): Cross-Cutting Concepts
Practices (SEP) PS3.B: Conservation of Energy and Energy Transfer | (CCC):

- Energy is present whenever there are moving Energy and Matter -
Developing models - objects, sound, light, or heat. Light also Energy can be
Collaboratively develop and/or transfers energy from place to place. (4-Ps3-2) | transferred in various
revise a model based on - Energy can be transferred from place to place | 0> G e

evidence that shows the objects

. , ) by electric currents, which can then be used
relationships among variables

locally to produce motion, sound, heat, orlight.
The currents may have been produced to begin
with by transforming the energy of motion into
electrical energy. (4-PS3-2),(4- PS3-4)

PS3.D: Energy in Chemical Processes and Everyday

Life - The expression “produce energy” typically

refers to the conversion of stored energy into a

Constructing Explanations —
Use evidence (e.g.,
measurements, observations,
patterns) that specify variables
to construct an explanation of

a phenomenon. desired form for practical use
MATERIALS

- Model scaffold (1 per student)

- Pencils

- Colored pencils (optional)
- Summary table (displayed for student reference)
- Anchor charts from prior activities (displayed for student reference)

PROCEDURE

Prior to this lesson watch the video “Generalizable science ideas: Gotta have checklist” if you are not
familiar with helping students create a ‘gotta have’ checklist http://safeshare.tv/v/ss56528ef384b13.
This is a video for teachers with a classroom example.

1. Re-orient students to the focal models and hypotheses. Gesture to the summary table and
science charts and ask: “This is what our groups have been thinking about—what is it we have
been trying to represent? What are we trying to explain?”

a. Students may say, for example, “We are making a model of a flashlight,” but you need
tore-name the model in terms ofthe underlyingidea—in this case we are modeling the
“relationship between energy transfer and properties of matter.” (And a story of energy
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transformation, too!) This is important because models should do more than simply
explain one phenomenon. A model can be used to explain multiple related

phenomena.

b. Re-articulate the original “why” question you posed as an essential question earlier in
the sequence of lessons — Why does a flashlight eventually stop working?

2. Prepare students to work on models: Develop a “gotta
have” checklist. What are the 2-3 big relationships that
you want to make sure students include? What are the
ideas students think they should be including. Ask the

following question and provide time for Think-Pair-Share

and then share out to make a list of no more than 4 big

ideas you and students think they need to remember to

include.

Question: If you were going to tell any circuit story -
whether it’s our flashlight dying story or about a cell

phone, battery-operated game, lemon clock - what would

be some key ideas or concepts that we would have to or
“gotta have” in order to explain how circuits and energy
transformations work?”

3. TEACHER DECISION POINT: Students can all model
and explain the original flashlight dying phenomenon

OR students could select a circuit of their choosing: cell

phone, flashlight, alarm clock, lemon clock, Gameboy,
TV remote, etc. to model and explain. The ‘gotta have’

checklist includes generalizable ideas such that students

could explain different circuits and still check off these

items. Students can draw models of other circuits on the

back of the flashlight circuit model scaffold.

Students develop their own models: Individual Work

1. Each student gets a model scaffold sheet and begins
to write and draw about how and why they think a
flashlight works and what might happen that we can’t
see that would make it stop working. You could
encourage partner talk, it does not need to be silent.

2. Asyou circulate, look at student drawing and writing
and ask for clarification if something isn’t explained.
a. Use the summary table for evidence.
b. Ifstudents are using symbols, ask that they
add a key to explain their symbols.
3. During this time students can talk to each other and
the teacher about their thinking, but each student
records their individual thinking on their own paper.

Sample Explanation Checklist:

O Circuits transfer and transform
energy for a particular reason
or purpose

O Circuits have and need a
power source

0 Circuits have pathwaysto
move the energy around

O Circuits have to be connected
for energy to move

TEACHER DECISION POINT

Y

Do you want all students to
explain the flashlight
phenomenon? Or would you like
to provide choice?

Back Pocket Questions

How are you showing energy in
your model?

What makes the energy change
forms? How can you show that?
In the model?

Why are certain materials
conductors or insulators? How
do we know? How can you add
that to your model?

[ hear you are thinking about X
and Y ideas, what about Z? How
does it fitin? I'll be back in a few
minutes to hear your ideas

4. As you circulate, look for parts of models you’d like to feature for the whole class. These
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4™ Grade Circuits
© 2015, AmbitiousScienceTeaching.org




mightbe different ways of representing energy transformations or how a student has shown
how electrons help energy move through conductors. Select 2-3 students whose models
may emphasize different parts of the explanation.

Providing some peer feedback:

5. Pause the class. Have the pre-selected students show the particular piece of their model
you wanted to feature under the document camera. Have other students ask questions or
talk about the models as they are presented.

Completing the model using the checklist:

6. Resume individual model work and have students make sure they are attending to the items
on the gotta-have checklist.
7. Collect models at the end of class.

PLANNING NEXT STEPS

Look across models and see how students are incorporating the ideas on the ‘gotta-have’ checklist
as well as how they are addressing the standards around understanding how energy is transferred
and transformed. If you see places where students should add and strengthen their representation
of the energy story, provide some time at the beginning of the next lesson to attend to this.

Lesson 9: Telling the Energy Story 97 4™ Grade Circuits
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Lesson 10: Evidence-based explanation

OBJECTIVES & OVERVIEW
In this lesson, students focus on writing an evidence-based explanation for several ideas in their
model. Writing allows them to use more details and connect their ideas to evidence which they
may not have identified in their model.
e Students connect appropriate evidence with claims using the summary table.
e Students write an evidence-based explanation of the energy story in a circuit.

NEXT GENERATION SCIENCE STANDARDS (NGSS)

4-PS3-2. Make observations to provide evidence that energy can be transferred from place to place by
sound, light, heat, and electric currents.

Science and Engineering Disciplinary Core Ideas (DCI): Cross-Cutting Concept (CCC):
Practice (SEP): PS3.B: Conservation of Energy and Energy
Transfer Cause and Effect - Mechanism
Developing and Using - Energy is present whenever there are moving and explanation. Events have
Models - Develop a model objects, sound, light, or heat. Light alsotransfers | causes, sometimes simple,
to describe unobservable energy from place to place. (4-PS3-2) sometimes multifaceted. A
mechanisms. - Energy can be transferred from place to place by | major activity of science is
electric currents, which can then be used investigating and explaining
Creating Explanations - locally to produce motion, sound, heat, or light. | causal relationships and the
Identify the evidence that The currents may have been produced to begin | mechanisms by which they are
supports particular points with by transforming the energy of motion into | mediated. Such mechanisms
in an explanation electrical energy. (4-PS3-2),(4- PS3-4) can then be tested across given
PS3.D: Energy in Chemical Processes and contexts and used to predict
Everyday Life - The expression “produce energy” and explain events in new
typically refers to the conversion of stored energy | contexts.
into a desired form for practical use

MATERIALS
For class reference: For each pair:
e Summary Table poster filled in with some Revised Model (from lesson 9)
(ideally all) activities e writing support strip with sentence starters
¢  What-How-Why writing examples sheet e Notebook paper
(in this lesson) e Pencil with eraser
¢ Explanation checklist (created with e Sticky notes

students in lesson 9)

PROCEDURE

If needed, provide time for students to address some feedback from their models in lesson 9. For
example, if there is a particular item or idea you noticed that a majority of students did not include,
pass back models and give about 5-7 minutes to address those 1-2 ideas.

Pre-writing task: Helping students write with evidence
1. Whole group: Explain to students that a claim is a statement that we believe to be true based on
our experiences and thinking. A claim in our unit might be something like: A battery has stored
chemical energy. It's a statement we think is true based on what we know. Now you will
identify some claims you made on your models yesterday. What are at least 3 things you

Lesson 10: Evidence-based explanation 101 4™ Grade Circuits
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claimed? Put a star by them.
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Individually, identify claims: Have students put a star by the claims they have made on their
model (at least 3 on each side of the circuit model scaffold if they used that side — or if they
drew their own, at least 3). Clarify as needed about what counts as a claim. Have students
share in partners just one of the claims they starred.

Whole group: But how do we know for sure? Did we do something to get some evidence to
learn about this? We did a reading about batteries. So this reading is evidence for our claim. I
can find the reading in my science notebook if [ need to remember what it said. So on my
sticky note | will write “Battery Reading: The chemicals in the battery react to release chemical
energy” and stick that note next to my claim on my model. Do this for at least 3 claims.
Individually, matching evidence: Have students use 3 sticky notes to write about evidence that
supports 3 of their claims.

Writing Task: Supporting extended responses using evidence

1.

Tell students that we are going to put our claims and evidence together now by writing our
circuit story. Say that we are aiming for a deep level of explanation to really show everything
we have learned in this unit and how we know it to be true.

What-how-why levels: Show the sheet explaining what-how-why levels and how you expect
students to write beyond a ‘what’ level.

If you think it is needed: pass out the writing support strips.

Have students write individually, skipping lines, about how and why a circuit works
incorporating at least 3 claims and the evidence they just identified.

Optional: Peer conference
When students have completed their draft, or a substantial portion of the draft. Have students pair up
and give each other feedback using the ‘gotta have’ checklist and looking at how they used evidence.

PLANNING NEXT STEPS

Use the what-how-why levels of explanation sheet in the unit guide to evaluate student models and
writing to assess to what extent students have demonstrated understanding on the core science
ideas and how they are progressing on modelling and explanation as scientific practices. The what-
how-why levels of explanation trackers on pages 5-11 of this guide help track student and class
understanding over time.
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Remember to try to write a "WHY" level explanation. This is difficult to do, so use the
evidence tables in your notebook as well as posters in the classroom to help remind you of
all the evidence we have collected about circuits.

“"What" Level

I observe that...

In science class we...

“"How" Level

I observe that...

In science class we... which
showed me evidence that...

“"Why" Level
I observe that...

In science class we... which showed me
evidence that...

Even though I can't observe
T think it is happening because...

If you write at the "What"
level you only describe what
happens like observations
and what you did in
experiments.

Short Example:

When the wires are
connected to the battery
and bulb in the right way, the
bulb lights up. If the
battery is dead, the bulb will
not light up. If the wires
aren't in the right places, it
won't light up.

Lesson 10: Evidence-based explanation

If you write at the "How"
level you describe
observations PLUS how you
think the things you observe
happened using evidence.

Short Example:

When the wires are
connected to the battery and
bulb in the right way, the bulb
lights up. This is because the
wire is a conductor which is a
pathway for energy. I know
wire is a conductor because
we did an experiment that
showed...

104

If you write at the "WHY" level you
explain why something happened. You
tell the full story using observations
and evidence and make claims about
what is happening we can't observe.

Short Example:

When the wires are connected to the
battery and bulb in the right way, the
bulb lights up. This is because the
wire is a conductor which is a pathway
for energy. I know wire is a conductor
because we did an experiment that
showed...... T also know that inside a
conductor there are electrons which...
Inaninsulator, electrons.....which
means that...

4™ Grade Circuits
© 2015, AmbitiousScienceTeaching.org



Writing support strips: Copy, cut apart and provide to students to support their writing.

WRITING AN EXPLANATION ABOUT:
WHyY DOEs YOUR CIRCUIT WORK?

In your writing, you need to:

1. Describe where electric current flows in

your circuit. (Also, share why you think it can flow
where it does and why current does not flow through all
materials.)

2. Describe what energy transformations
happen in your circuit and where they

happen. (Also, share why you think these
transformations happen where they do.)

3. Use evidence from the summary table to
support your ideas.

For each idea you state in your explanation,
what evidence do we have to support it?

My evidence for this idea is ...

This idea is supported by the activity where we ...

When we watched the video about ,it
stated that which supports my idea.

When we did , it showed us
that so therefore that supports
my idea about because

Write a "WHY" level explanation.

WRITING AN EXPLANATION ABOUT:
WHyY DOEs YOUR CIRCUIT WORK?

In your writing, you need to:

1. Describe where electric current flows in

your circuit. (Also, share why you think it can flow
where it does and why current does not flow through all
materials.)

2. Describe what energy transformations
happen in your circuit and where they

happen. (Also, share why you think these
transformations happen where they do.)

3. Use evidence from the summary table to
support your ideas.

For each idea you state in your explanation,
what evidence do we have to support it?

* My evidence for this idea is ...
e This idea is supported by the activity where we ...

When we watched the video about it
stated that which supports my idea.

When we did , it showed us
that so therefore that supports
my idea about because

Write a "WHY" level explanation.

WHAT HOW WHY WHAT HOW WHY
happens?  does it happen?  does it happen? happens?  does it happen?  does it happen?
o]
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Sample of Student Writing about a Student-designed Circuits Or a Circuit of their Choice — Student A
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Sample of Student Writing about a Student-designed Circuits Or a Circuit of their Choice — Student R
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Sample of Student Writing about a Student-designed Circuits Or a Circuit of their Choice — Student S
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Lesson 11: How do switches work?

OBJECTIVES & OVERVIEW

In this lesson, students will create a switch to easily turn the circuit on CONNECTION TO KIT
and off using what they know about conductors and insulators
Students create a circuit which includes a student-engineered switch oo
out of conductive materials. See Lesson 12: Learning

about Switches Pgs 65-68

NEXT GENERATION SCIENCE STANDARDS (NGSS)

4-PS3-2. Make observations to provide evidence that energy can be transferred from place to place by
sound, light, heat, and electric currents.

Science and Engineering Disciplinary Core Ideas (DCI): Cross-Cutting Concepts
Practices (SEP) PS3.B: Conservation of Energy and Energy Transfer | (CCC):

Constructing Explanations - Energy can be transferred from place to place by

and Designing Solutions electric currents, which can then be used locally to gnergy andbMatter; ;
Apply scientific ideas to produce motion, sound, heat, or light. The innszgi)iznwai:;?; erre
solve design problems. (4- currents may‘have been produced ‘to I?egm with e Gl e

PS3-4) by transforming the energy of motion into

electrical energy. (4-PS3-2),(4- PS3-4)

PS3.D: Energy in Chemical Processes and Everyday
Life - The expression “produce energy” typically
refers to the conversion of stored energy into a
desired form for practical use

MATERIALS
See pg 65 of curriculum guide for materials to make switches using brass paper fasteners and cardstock
Make a demonstration switch using cardstock, clips, battery holders, etc. shown on page 66.

PROCEDURE

Introduce the lesson: Whole Group
1. Orient students to the purpose of today’slesson: SAFETY ALERT!
a. Revisitwhatstudentslearned about conductors and insulators
by looking at the summary table. Today students will build a
switch for a simple circuit and will need to remember
properties of particular materials.
b. Focus Question: How can we create a switch to easily turn
. . hot or warm, put down
our circuit on and off? the materials and
c. Remind students of the safety alert before proceeding. disconnect pieces.

If materials begin to feel

Building a switch:

2. Show students your demonstration switch and show them that it turns the bulb on and off.
Tell students they will make their own switch using these materials. Ask students and
discuss:

Lesson 11: How do switches work? 109 4™ Grade Circuits
© 2015, AmbitiousScienceTeaching.org




Why do you think my switch is made of metal (paper clip)?
What would happen if the index card were made of aluminum foil? Would it still
work, why/why not? (How is paper different than foil as part of a circuit?)

3. Give time for students to construct switches according to the directions in the diagrams on pg
66 and 67 and your example. Encourage students to help each other in making functional
switches and in using the battery holder and wire clips (these can be tricky for small fingers.)

4. Iftime permits, let students create and test their own switch designs that are different than the
one provided. Knowledge of insulators and conductors is necessary for this. Reiterate safety
warning.

PLANNING NEXT STEPS
Students will need the switches they create in this lesson for lesson 13 where students
communicate using a circuit by flashing a light or making a buzzer make sound. Students may
want to redesign their switch tomorrow to make their signals easier to make.

Photo from student science notebook of how the switch works in a simple flashlight circuit.
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Lesson 12: Using circuits to communicate

OBJECTIVES & OVERVIEW
In this lesson, students apply what they’ve learned about circuits to create READING INTEGRATION
a device that allows for communication over distances.
e Studentslearnaboutways to transferinformation across distances
(such as Morse code using light or sounds).
e Students design and build a circuit and communicate messages to _ , _
. - i This lesson contains a reading
their peers using an established code or a system they create. that could be used during reading
e Students compare their solutions and provide feedback. time as an integration option.

NEXT GENERATION SCIENCE STANDARDS (NGSS)

4-PS4-3. Generate and compare multiple solutions that use patterns to transfer information. [Clarification
Statement: Examples of solutions could include drums sending coded information through sound waves, using a grid of 1’s and 0’s
representing black and white to send information about a picture, and using Morse code to send text.]

Science and Engineering Disciplinary Core Ideas (DCI): Cross-Cutting
Practices (SEP): PS4.C: Information Technologies and Instrumentation | Concepts (CCC):
Constructing - Digitized information can be transmitted over long Patterns - Patterns of
Explanations and distances without significant degradation. High-tech change can be used
Designing Solutions - devices, such as computers or cell phones, can receive | to make predictions.
Generate and compare and decode information—convert it from digitized
multiple solutions to a form to voice—and vice versa. (4-PS4-3)
problem based on how ETS1.C: Optimizing The Design Solution - Different
well they meet the solutions need to be tested in order to determine
criteria and constraints of | which of them best solves the problem, given the
the design solution. criteria and the constraints. (4-PS4-3)
MATERIALS
Per student: Building a communication circuit: Providing feedback:

- Science notebook - Have materials from kit - feedback sheet

- Copy of reading available to students to use. - Pencil

- Copy of student handout - switches students created

Additional resources to use with students:

- Copies of Morse code alphabet (copy and cut apart so each student has a strip)

- YouTube video “The History of Morse Code” uploaded by JEBfive (5 min 23 seconds)
http://safeshare.tv/v/ss56566eb790d88

- YouTube video “Morse Code & The Information Age” uploaded by the Art of the Problem (10
minutes) http://safeshare.tv/w/ss56566db21a091

- YouTube video “Morse code music... The rhythm of the code” uploaded by Phil K (3 mins)
http://safeshare.tv/w/ss56566dd71d465 - helps learning and hearing letters

PROCEDURE
Introduce the lesson: Whole Group
1. Gather students on carpet area. Review lesson 12 by doing a think-pair-share about
switches. Last lesson students created switches for their circuits. Think-Pair-share:
Think of the switch you made (hold one up). What did the switch let us do?
2. Explain that in this lesson students will use what they’ve learned about circuits and
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switches to use circuits to communicate in secret messages. Focal Question: How can
a circuit communicate messages?
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Just-in-Time Instruction: Morse Code

3. Have student complete the reading in this guide. Some students may have already
heard of Morse code or may know SOS as it’s a common message featured in
cartoons and movies. After completing the reading, students can practice Morse code
by encoding and decoding messages to each other.

4. Have students watch a one or more videos in the materials list. As students watch,
think about how they can build a circuit that would be able to communicate messages
in Morse code.

5. Close the just-in-time instruction by saying that Morse code is one example of a code
that can communicate messages through patterns of sounds or by flashing lights in a
pattern. Students can use this code or invent their own code as part of the
engineering task that follows.

Designing, building, and testing the circuit: In Partners
6. Have students work in partners to design and build a circuit, using materials available,
that is capable of transmitting messages in Morse code (or a code students invent - if
invented, they must write the code on the back of their paper).
7. Partners build and test their communicating circuit using their code. Prepare to share
your design and code with others.

Partner Feedback: In groups
8. Once partners have built and tested their communication circuits, have partners pair-
up in small groups and learn about how another pair designed and tested their circuit.
9. Pairs use and fill out the feedback sheet as a guide for giving and receiving feedback.

Engineering Debriefing (whole group)
10.Gather in the carpet area. Have students share some similarities or differences they
observed when they compared their solutions during group feedback.
11.As a whole class, debrief this engineering process. What was easy about using the
circuit to communicate? What was challenging? What difficulties did you overcome
in the design or in the code? What difficulties still remain?
12.Compare our solutions to everyday ways we communicate using signals such as text
messaging and email. What is similar? What makes sending text messages hard?
Easy? How can engineers make text messaging easier and more efficient?
a. If desired, play a clip from the Jay Leno show from 2005 with a race between
a telegraph and a flip-phone text messaging (30 seconds)._
http://safeshare.tv/v/ss56566f16c2293
b. Text messaging has gotten faster and easier now that phones have full
keyboards and touch screens compared to the phone in the video where users
had to cycle through letters to find the one they wanted.
c. Have students talk in partners about what's easy or difficult about text
messaging and how they think it could be improved.
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READING CONNECTION
A short reading is included in this lesson about Morse code.

Supplement this reading by checking out books from the library about
Semaphore, smoke signals, drum signals, Braille, Morse Code or other codes.
These codes are not just used by humans; animals also use codes across
distances to communicate about location of food or water, to attract mates, or
to warn of danger.
- Fireflies: http://earthsky.org/earth/bugs-firefly-light and
http://www.amnh.org/ology /features /talkingtofireflies
- Elephants: http://www.elephantsforever.co.za/elephant-
communication.html#.Vj 0F7erSUk

After reading this, some students may want to learn and practice Morse Code.
For interested students, recommend that they practice at this website:
https://www.nsa.gov/kids/games/gameMorse.swf

Lesson 12: Using circuits to communicate 114
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INTEGRATION

Short reading about
Morse code.
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What is Morse Code?

When you think of codes, you probably imagine spies and secret agents reading and writing secret
coded messages. However, did you know that there’s a special code that anyone can learn?

Good listening skills are all you need to understand this special cipher. This special code is called
Morse code. It's been around since 1836. It is used by the military, emergency support groups,

and by people all over the world.

An electric telegraph uses an electric
current to send messages along a wire
that gointo a buzzer which emits
patterns of sounds. The drawing of
the circuit (at right) shows wires
connecting a battery (B), a switch (K),
and a buzzer (R) to send and receive
signals between two stations.

In order to communicate, there is a
code for each letter of the alphabet. A
person sending a message uses a
series of dits (.) and dahs (-) to
represent each letter of the message.

The code is shown below.

Try it!

Fro. 3.—Telegraphic sppomine: sending hey, buczer, and baiiecy,

Telegraphic apparatus; sending key, buzzer and battery

N<XXSE<CHOWIQOUOZErXc—IOTMMmOoOUOW?>>

Lesson 12: Using circuits to communicate

Morse code can be used by sending an auditory signal with a
telegraph machine or radio. Morse code can also be sent using
flashing lights. Either way uses a system of dits and dahs or a series
of short and long. Use the code to translate the messages below.

Morse Code Message
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Communicate with a Partner

Use Morse Code symbols to encode a short secret message. Trade papers with a partner to decipher
your message.

Morse Code Message #1:

Decode Message #1 into English

Morse Code Message #2:

Decode Message #2 into English

Morse Code Message #3:

Decode Message #3 into English

What makes it easy to read a message?

What was challenging about deciphering the code?
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Name: Name: Date:

Challenge: Design a circuit that can send coded messages to a partner over a distance

Requirements: Your design must be able to...

Send accurate messages to a partner across a distance.
Use only the available materials from the materials table.

Design the circuit: Draw and label a circuit below that you will build to

communicate messages to a partner using batteries, wires, bulbs or buzzers, and
switches

Code: On the back of this page, write out your code.
- How will letters or words be represented?
- Whatis the translation into English (or another language you and your partner
know) so that your message can be understood by a partner?

Build it and test it out!:

Using materials available, build your circuit. Then practice sending and receiving
messages with a partner.
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Write your code in the blank space below or decide to use

Lesson 12: Using circuits to communicate

another code such as Morse code.
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Name: Name: Date:

Who did we interview?

Peer Feedback: Using Circuits to Communicate

Directions: Pair up with another group. You will be interviewed by your new pair about your circuit and
secret code. Explain and present your circuit and demonstrate sending an encoded message. Evaluate the
pair’s design based on the engineering criteria.

Requirements: Evaluate the other team’s design using the criteria and placing an X in the
box next to each criteria based on how well it worked in their design.

Criteria 1® 2 3 4©

Send accurate messages
to a partner across a
distance.

Use only the available
materials from the
materials table.

Other criteria:

Other criteria:

Positive Feedback - What did they do well?

Constructive Feedback - What could they improve on?
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———  hirsty and hot, 12 elephants plod across

the fried African landscape. The water
hole is less than a mile away now, and

. : : e * P Family Gathering.
everyone in the herd is looking forward When danger lirks;:adults huddle

to a good, long drink. Tired calves want to stop, close to protect their calves.

but mothers and aunts nudge them along. The
older animals make soft, soothing noises. “We’re
almost there,” they seem to say. “Just keep
walking.”

Suddenly everyone stops. Huge ears
stretch out like satellite dishes.
After a minute or two of what
seems like silence, the
animals turn and walk

away from the water hole
fast. As they go, the adults
huddle close to the calves.
So what happened? Why did
the elephants change their course?
They seemed to be listening to
something. Whatever it was, they got the

message to flee! Yet human ears heard nothing.

A Real Nose-y.

Elephants make plenty of sounds that humans With 50,000
can hear, such as barks, snorts, roars, and muscles, an
trumpet-like calls. Often a herd will use those elephant’s trunk
sounds to talk with other elephants. But they works like a

combination.ofss
arm, hand, and

SECOND LANGLIAGE fingers.

For years, elephants puzzled observers with this
type of behavior. But now scientists have solved the

weren’t in the air this time.

mystery. They discovered that elephants have a
“secret” language for communicating over long
distances. This special talk is based on infrasound,
sounds so low in pitch that humans can’t hear
them. The sounds can travel several miles, allowing :

the six-ton animals to keep in touch across
grasslands and forests in Africa or Asia.

To study elephant infrasound, researchers use
special equipment that can record low-pitch
sound waves. Another machine, called a
spectrograph, translates the recorded sound
waves into images, or markings, that we can see.
The images stand for various messages.

58
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TALKERS

Earth’s largestdand animals have a lot to say—even
when they don’t seem to be making a sound¥

© 2005 by Stephanie Harvey and Anne Goudvis from The Comprehension Toolkit
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Translating infrasound helps scientists begin
to understand elephant behavior. For example, it
turns out that the elephants heading to the
water hole may have heard warning calls
from another herd. Perhaps a lion
was slurping water and
looking hungry. The cat
would be no match for
an adult elephant, but
it might kill a calf. No
drink would be worth
that risk, so the herd
turned away.

Big Eater.
An adult can scarf down 300 pounds
of leaves and grass in just one day.

LONG=-DISTANCE CALLS

Elephants use infrasound to communicate
many types of messages over long distances.
Some of their talk helps hold families
together. To understand how this works, you
need to know a little about elephant families.
Females spend their lives with mothers,

s sisters, and children. They form tight-knit

herds of 10 to 20 members. The oldest female
elephant—the matriarch—takes charge.
Males live with a herd until they are teenagers.
Then they depart, living alone or joining with
other males in a “bachelor herd.”

The members of a herd often
scatter over large areas to seek
food for their mighty appetites.

(An adult elephant can eat 300

pounds of grass and plants in

a single day!) Long-distance

calls let elephants know

where their relatives are. And
when the matriarch says,

“Come here!” the herd gathers
within minutes.

Like curious kittens, elephant
calves sometimes wander off and
get into trouble.
When that happens,
they cry for help.
Adults respond with
infrasound calls and
other noises: “It’s
okay. We’re coming to help you.”

Adult males and females often live far apart,
so they use infrasound to find each other at
mating time. Females mate only once every four
years or so. When a female is ready, she makes a
special series of calls. Males who hear the calls
storm toward her. Sometimes two or more
males battle fiercely for a chance to court the
female.

HEARING AIDS

Elephants tune in to all this talk with their
large, powerful ears. An African elephant’s
ear can grow to be six feet long and four feet
wide (Asian elephants have much smaller
ears.) When straining to hear something, the
animal turns toward the sound and opens its
ears wide.

At the same time, the elephant may raise its
trunk to sniff at the wind. Elephants have a

A Trouble Ahead?
Lions sometimes attack
elephant calves, so this
elephant might warn
herds to stay away.
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WWF—Elephant Style.
Playful and social, young elephants make a
pair of Wild Wrestling Friends. Their muddy
coats block heat and flies.

keen sense of smell. Odors may help them
figure out what they’re hearing.

Elephants may have yet another way of
learning what’s going on around them.
Although scientists haven’t proved it, some
scientists think elephants can feel infrasound
as the sound waves travel through the ground.

DISTRESS CALL

Communication skills help Earth’s largest land
animals survive in the wild. But even these
skills can’t save elephants from extinction.

In 1997 Africa’s elephant population was
about 500,000. That may seem like a lot, but
there were 1.3 million African elephants in
1979. More than half of the elephant
population vanished in only 18 years.

How did this happen? Poachers killed
many elephants for their ivory tusks, because
ivory can be sold for a lot of money.

And a growing human population wiped
out vast amounts of elephant habitat to build
farms and towns. Elephants from these areas
wandered into human settlements. Some

)

‘WeblLink g

" More Ele

-

> biggest talkers. You'll find the

PHOTO RESEARCHERS

phant Talk
= Reunite a young elephant with its mother by answering questions about Africa’s

“Lost Elephant” game on the NATIONAL GEOGRAPHIC
FOR KIDS website at www.nationalgeographic.com/ngforkids/links.

elephants ate valuable crops and made some
farmers angry enough to kill them.

HOW WILL WE ANSWER?

Conservationists are working hard to save
elephants. Wildlife groups are trying to
persuade people around the world to stop
buying ivory.

Elephant supporters are also working with
African communities to maintain parks where
elephants can be safe and will not harm crops.
Some conservationists hope that tourists will
visit these beloved animals there. That would
mean jobs for local people, who would then
view elephants as a valuable resource to protect.

WORDW/ise

calf: the young of some large animals, such -
as whales and elephants (plural: calves)

conservationist: a person who pro
natural resources !

extinction: the end of an entire specie
habitat: the place where something live

herd: a group of one type of animal that
stays together .

infrasound: sound so low that humans
can'’t hear it :

matriarch: o female who leads a herd
pitch: how high or low a sound is .‘..v.x.:

poacher: one who kills or takes wild ,F
animals illegally 4
spectrograph: a machine that :a:&mﬁ&«:
recorded sound waves into images

alalalaXaXa X X X

From National Geographic for Kids, Big Talkers, © 2001. Reprinted by permission.
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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.



TEACHER BACKGROUND

)
\\

Science Content Primer &

Explanation of Phenomenon

Read through the explanation provided in the next few pages. Jot down questions or uncertainties.
Consult internet resources to answer your questions, ask colleagues, and work together as a team to grow
your own understandings of the science content and the phenomenon itself. This knowledge primes you to
better listen and respond to student ideas in productive ways. Please feel free to revisit this explanation
throughout the unit to revise and improve your own understanding of the science content.







PLANNING FOR ENGAGEMENT WITH IMPORTANT SCIENCE IDEAS

UNIT QUESTION: Why would a flashlight eventually stop working if it were accidentally left
turned on for a period of time?

PHENOMENON: [Mr./Ms.Teacher] accidentally shoves the flashlight in a desk drawer and the
switch gets flipped on. The flashlight stays on inside the desk for a whole month (30 days).
When [Mr/Ms. Teacher] goes to use the flashlight it doesn’t work anymore. What
happened? What caused it to stop working? What’s happening inside the flashlight or
parts of the flashlight that might cause it to stop working?

UNIT GOALS: By the end of the unit, students will combine some or all of the following
ideas to explain the flashlight phenomenon or other related events.
e Structure and properties of matter (DCI PS1.A)

o Matter is made of particles too small to be seen, which give the material certain properties
such as electrical conductivity.

e Energy can be moved or transferred. (DCI PS3.A)

o Energy is present when there is sound, light, or heat. Energy can be moved (transferred) from
place to place through sound, light, or electric currents.

o Electric currents are in wires and are evidence for the presence of energy (the flow of electric
current through a device).

o That energy has been transferred from place to place (e.g., a bulb in a circuit is not lit until a
switch is closed and it lights, indicating that energy is transferred through electric current in
a wire to light the wire filament).

e Energy can be transformed and is conserved. (DCI PS3.B)

o Identify a device by naming how the energy will be transformed (e.g., a light bulb to convert
electrical energy into light energy, a motor to convert electrical energy into motion energy.)

o Energy can be transferred from place to place by electric currents, which can then be
converted or transformed to produce motion, sound, heat, or light.

o Electric currents in a circuit may have been produced by transforming another form of
energy such as chemical or motion into electrical energy.

o The presence of electric currents flowing through wires can be causally linked from one
form of energy output (e.g., a moving object) to another form of energy output (e.g., another
moving object; turning on a light bulb).

TEACHER CONTENT EXPLANATION: The Story
(This is at a deeper level than what students will know by the end of the of a flashlight system
unit. Students have deeply complex ideas about how circuits work and it is S J
helpful to prime content knowledge to be ready to listen to students)

A big idea for this circuit system is the transformation
of energy from chemical (inside the battery) to electrical ‘o
energy (inside the wire or metal pathway) to other forms such S i
as light energy (light bulb), heat energy (toaster), or vt |
motion/mechanical energy (fan or motor.) But these energy ‘\_;/
transformations cannot happen unless the pieces are e
connected. A circuit is a system made of interconnected and

1 teanshoems infe
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dependent subsystems. Without properly functioning subsystems and proper connections
made between the subsystems, the circuit will not perform its function (i.e. light a bulb,
spin a fan, rotate a motor, make a sound, etc.). In this case, we will explain a simple circuit
powered by a battery to light a small bulb. The subsystems of this circuit are the battery
and light bulb (wire is not a subsystem, but it is a pathway.)

First, the battery contains

. +— Electrons (e-)
stored chemical energy for the

circuit. Inside the battery there is | Dry cell Carbon

. . . battery positive
a chemical reaction happening

. & electrode Electrons {e-)
(between acids and metals) {cathode)
which produces a difference in Light bulb
.. Electrolyte (load)

charge between the positive and paste
negative terminals of the battery. i
When the chemicals in the Separator -
battery have completely fjnished Carbon and
reacting then the battery is dead : manganese
because it no longer is creating — ! Sllccscts s
the difference or imbalance in | & [0 g Zinc negative Hectrons (2]
charge between the terminals. \electéode SRS AS
During the chemical reaction l (anode)

there is a buildup of electrons Electrons (e-) —

near the negative terminal of the

battery.

These negatively-charged electrons push away
from other negatively-charged electrons and try to
nucleus spread out because negative charges repel each
other. There is a barrier or separator inside the
battery that keeps the electrons from moving towards
the positive terminal. If this barrier or wall has holes
in it (from poor construction, dropping the battery,
© electron degradation over time), then the battery stops
{+) proton working because the electrons can all spread out
neutron o icles evenly and there are no electrons that build-up on

e one terminal of the battery.

When a wire or other conductor connects one terminal of the battery to the other,
the electrons are free to bump into and repel the electrons that are in the wire. These
electrons in the wire bump into and repel each other all around the wire until the electrons
bump into the positive terminal of the battery. If the battery is left connected to a bulb for
a long time then the build-up of charges from the chemical reaction eventually evens out as
the chemical reaction runs out of each kind of chemical in the battery. When there is no
chemical reaction, there is no more buildup of electrons; therefore, there is no electron
“flow” through the circuit because there is no longer an imbalance in charge.

4" Grade Circuits
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Copper wire is typically used as a conductor to connect the battery with a light
bulb. The copper wire has millions of electrons that are free to bump around inside the
wire. “Free” electrons means there is an available outer valence electron in each atom in
the wire. Copper, silver, and gold each have one free valence electron. The negatively-
charged electrons in each atom are evenly paired up with the positively charged protons in
the nucleus of the atom and so spend their time attracted to and zooming around the
nucleus. However the outer valence electrons are farthest from the positively-charged
nucleus and are more likely to be bumped or repelled out of place by an incoming
electron from a previous atom. Although the bumping of electrons only proceeds slowly
(one individual electron only moves about 5.5 inches per hour), the energy transfers at light
speed. This is like the billiard ball analogy where several balls are in a row and one ball
hits the end of the row pushing the ball at the far end out. Although the individual balls in
the row do not move much or very far, the energy is transferred through them very quickly.

free electrons from outer
shells of metal atoms

_ Electron oo s
«Q‘nters‘- oy
“J . . Ve _ /7 N "éléct:r:qns
t3 One’electron SO fly on=’
.- . e :' -3 .
Q‘- ﬂ'es,m»tbef._’j ‘ One-electron ' S
ConextatomiT. o flies to'the,

T et atbr e et

Flow of Electricity

rnetal ions

Plastic (like is used to wrap wire) or glass (like the ball inside a light bulb) do not
allow electricity to pass through them easily because of how the electrons are arranged in
the outer valence (insulators typically have 5 or more outer valence electrons as opposed
to the 3 or fewer found in conductors.) In insulators, the electrons are tightly held to the
atom, there are no free electrons available bump and transfer energy.

When connected properly, the electrical current | incandescentLamp
flows through the support wire, through the smaller
filament wire and then out the other support wire to | hseren
leave the light bulb in order to balance the charge
difference created in the battery. The thin filament
wire glows because it is a smaller wire (higher resistance)
than the previous wire and the electrons that are
bumping all are trying to bump and repel each other
through the smaller wire which results in something like
friction that converts some of the electrical energy into
heat and light. Light and heat are emitted from the
glowing wire because of how the electrons transfer |Theincandescentlampisthe oidest and most common type of

lamp. Light is emitted when electricity flows through—and

energy and bump through the thin wire. heats—a tungsten filament.

Filament

Lead wires

Unit Overview & Teacher Content Primer 3 4™ Grade Circuits
© 2015, AmbitiousScienceTeaching.org



Circuits only perform transformations of energy when the subsystems of a
circuit are connected in a particular way that allows the flow of electrons to move
from the negative battery terminal to the positive battery terminal alleviating the
imbalance in charge created by the chemical reaction in the battery. When
connections are improper the circuits will either not work, or damage subsystems in
the circuit system (like short-circuiting the battery).

ADDITIONAL BACKGROUND KNOWLEDGE RESOURCES:

e Electricity & Charged Particles — “Electricity and Circuits” by ScienceOnline -
Teacher background reviewing atomic structure and charges and different circuits.
This is not a focus for students in this unit; however, students may wondering about
why current flows a certain way. This information will help you.
https://www.youtube.com/watch?v=D2monVkCkX4 (8 mins 32 sec)

e What is a circuit? - “Explaining an electrical circuit” by Region 10 ESC — Provides
basic info: https://www.youtube.com/watch?v=VnnpLaKsqGU (2 min 26 sec) — This
is basic knowledge for teachers but this video could also be used with students after
they learn about conductors and electrons in lesson 6.

e How batteries work (2 min 07 sec) — How the chemistry inside a battery works in an
entertaining candy cartoon. https://www.youtube.com/watch?v=CJK2kwF6Am4
(Students don’t need to know the names of all these chemicals but it does describe
the electron story.)

ADVANCING STUDENT THINKING

LEVELS OF EXPLANATION WHAT-HOW-WHY

The next pages feature a what-how-why rubric around core science ideas in this unit and
some ways of tracking this at a class level and at an individual level. It shows examples of
how these ideas can be described at different levels of depth. Use talk moves to help push
students to think beyond a “what” level and try to explain how and why particular things
happen during the activities in this unit. Students can also identify what information or
experiences they need to help them explain the science at a deeper level.

Unit Overview & Teacher Content Primer 4 4™ Grade Circuits
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LEVELS OF EXPLANATIONS: ADVANCING STUDENT THINKING

What are what-how-why levels?

These levels indicate a depth of explanation.

o WHAT - Student describes what happened. Describes, summarizes, restates a pattern or
trend in data without making connection to any unobservable components.

o HOW - Student describes how or partial why something happened. Addresses
unobservable components but not deeply.

o  WHY - Student explains why something happened and can trace a causal story for why a
phenomenon occurred or ask questions at this level. Uses important science ideas that
have unobservable components to explain observable events.

Students may have a blend of what-how-why depending on which concepts they best

understand. Ultimately, students are pressed to develop a ‘why’ level explanation. However,

‘why’ level is the most challenging to achieve because it requires wrestling with unobservable

mechanisms.

How fo use these trackers?

e Fxamine artifacts of student work (such as model scaffolds, notebook writing entries) to
keep track of students progressing understanding over time.

e You do not have to fill this in every lesson, but only at key points in the unit. For example,
the initial model, mid-point model revision, and final model are good places to do this.

e Use different colored pens/pencils to indicate different dates of assessment.

Whole Class and Individual Tracking

e The whole class tracker will give you a sense of where to go with instruction at a lesson
level. This information may also indlicate that additional lessons about particular concepts
need to be added to the unit. This information can help tailor instruction to aim for ‘how’
and ‘why’ levels of understanding.

e The individual student trackers can identify which students can move from what to how and
which ones to be pushed from how to why. Plan back-pocket questions for particular
students (or groups of students) to target moving thinking forward.

e Make enough copies of the individual student tracker for each student in your class.

Circuits Unit Expectations: Why does the flashlight eventually stop working?

o Students final explanations will be a blend of what, how, and why levels.

o The grade-level explanation is that students master ideas contained in the ‘what” and ‘how’ columns;
however, lessons in this unit also target the why level to help students explain what is going on that
they can’t see that makes the flashlight work or stop working. The ‘why’ level targets 5" grade and
middle school concepts. Students should be expected to include and explain ‘what” and ‘how’ ideas
in their models and explanations by the end of this unit.

Examples of a class tracker and individual tracker show more about how to use this tool. Blank templates are

also provided to track your students.
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CLASS EXPLANATION TRACKER — EXAMPLE

The teacher tracked how many students were including the ideas
below at different parts in the unit using data from the initial model
(red), mid-point model revision (green), and final model (blue). The
final model is completed a few days before the unit ends so the teacher
could re-teach or provide additional experiences if needed to close any
significant gaps. |

WHY

/=

S/LS

WHAT 1/12 | 2/24 | 2/23 HOW 1/12 | 2/24 | =/2

insulators of electrical
energy (glass, plastic)

Some materials conduct tioe 10t | 1 11| Energy can be transferred | L7 e
(metals, minerals); while B from one place to another -
others are non-conductors or > LT L 1L S aNEREl

Matter is composed of
particles (atoms, particles,
electrons).

electrical, light, heat)

use later (chemical energy
in batteries). properly.

There are different " T 1241 1o+ | Energy can be transformed | |, 1 o e
forms/kinds/types of ; from one form to another -
energy (i.e. chemical, i wr T (L 1 LT

(Energy can be stored for el U L

Particles have charges which
makes some particles
attracted to other particles.

multiple bulbs) which has
observable effects on the

moved (fransferred) through
matter by bumping the

Parts of a circuit system LT | T T e 1 || Energy cannot be created lsee <e < Particle arrangement in e
must be connected in a b e | e e or disappear - Trace where | 2.0 elo 0 materials affects how -
particular way Each part AT T L 1147 11| the energy goes in the electrons behave. Electron

has a particular function 1 4T (L circuit story (i.e. less behavior affects the

Individual parts of the 117 1111 | energy in battery over time, conductivity of a material

system must be working where does it go?)

There can be more than el T et e Explain why energy is

one of a part in the system transformed by interactions

(i.e. multiple batteries, W ey t 47 1y | with matter and why it can be L

the circuit (Conductors are
a pathway for electrical UH
energy) g

system particles of matter
Parts connected properly " A

in a circuit, allow energy to g .

pass through conductors in AU e

This teacher added additional ideas to the “how” column

as she noticed that students were showing the energy flow
in different ways in the initial model and wanted to know

how many students were representing it in these different

ways.

Overall, this tracker shows over time that more and more students were including more ‘what” and ‘how’

level ideas in their models and explanations. A few students were able to explain more in-depth about the
‘why’ level over time; however, because the ideas in the ‘why’ level are 5" and middle school standards, it is

not expected that all 4™ grade students reach mastery at a ‘why’ level .
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INDIVIDUAL STUDENT TRACKER - EXAMPLE

The teacher used check marks to indicate which concepts or ideas the student included or addressed in her
model at different points in time over the unit - at times including a quote or note to remember how the
student did this. These quotes/notes can be helpful in pairing students or grouping students to help them
learn from each other about how our flashlight system works and would stop working.

Individual Explanation Tracker STUDENT NAME:
Circuits & Energy Transformations Unit— Grade 4
WHAT 1/12 /24 3/23
Some matenials conduct (metsls, minerals); ‘/ ‘/

while ofhers are non-conduciors or msulafors o Lr NS To 68 miETaL
electicsl energy (glass, plasic).

Thers are difizrent ormsfondstypes of
energy (12, chemicsl, electicsl, lght, heaf)
(Energy can be slorad for use later (chemicsl
enerovin batieres) orooerv.

Parts of 3 crcuit sysiem mustbe connecied in ‘/
3 parfcular way Each parthas 3 parfcular
functon. Individusl parts of fhe system must
be woriing

v

v
Thers can be mare Manone oiapennne | 7 v .

v

sysiem (1.2, muliple batizries, muliple bulbs)
which h3s observable efizcts on e sysiem

P3aris connecied properly in 3 crcuit, sllow ‘/
energy o pass frough conduciors in fhe
circuit (Conductors are 3 patway for

| siecicsl eneroy

HOW 1/12 2/24 =/23
Energycan be fansierred fomone placz o
another

Energy can be ¥ansiormed fomone form o ‘/ ]
anoter Laws put s Llant

Energy cannotbe created or dissppear-
Trace where the energy goes in fe circuit
story (i.2.less energy in batizry over fme,
whers doesitgo?)

WHY 1/12

Matizr is composed of paricies (3oms,
parficies, electrons).

Paricles have charges which makes some
paricies atracized o ofmer paricies

Paricle srrangementin maenals sfizcts how
electrons behave. Electon behavior afizcts
e conduchvity of 3 matenal

Explan why energy is ansiormad by \/ A

intzractons with matier 3nd why itcan be Lopplriiiitrons it
moved (fransierred) firough matier by +n b R BB
bumping te parfcies of matier oo T

Additional Notes:

There is space for additional notes at the bottom. Other things to consider tracking when looking at models
could be how the student is progressing using modelling conventions or if/how they are using evidence to
justify changes to parts of their model. Focusing on modelling and evidence correspond with Next
Generation Science Standard (NGSS) science and engineering practice (SEP) of developing and using models
and constructing evidence-based explanations.
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Class Explanation Tracking Sheet: Circuits & Energy Transformations Unit — Grade 4

WHAT

HOW

WHY

Some materials conduct
(metals, minerals); while
others are non-conductors
or insulators of electrical
energy (glass, plastic).

Energy can be transferred
from one place to another

Matter is composed of
particles (atoms, particles,
electrons).

There are different
forms/kinds/types of
energy (i.e. chemical,
electrical, light, heat)
Energy can be stored for
use later (chemical energy
in batteries).

Energy can be
transformed from one
form to another

Particles have charges
which makes some particles
attracted to other particles.

Parts of a circuit system
must be connected in a
particular way Each part
has a particular function.
Individual parts of the
system must be working

Energy cannot be created
or disappear - Trace
where the energy goes in
the circuit story (i.e. less
energy in battery over
time, where does it go?)

Particle arrangement in
materials affects how
electrons behave. Electron
behavior affects the
conductivity of a material.

There can be more than
one of a part in the
system (i.e. multiple
batteries, multiple bulbs)
which has observable
effects on the system

Explain why energy is
transformed by interactions
with matter and why it can
be moved (transferred)
through matter by bumping
the particles of matter.

Parts connected properly
in a circuit, allow energy
to pass through
conductors in the circuit
(Conductors are a
pathway for electrical
energy).

Explanation Tracking

4™ Grade Circuits
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Individual Tracker

Circuits Unit — Grade 4

NAME:

WHAT

Date:

Date:

Date:

Some materials conduct (metals,
minerals); while others are non-
conductors or insulators of electrical
energy (glass, plastic).

There are different forms/kinds/types of
energy (i.e. chemical, electrical, light,
heat) Energy can be stored for use later
(chemical energy in batteries).

Parts of a circuit system must be
connected in a particular way Each
part has a particular function.
Individual parts of the system must be
working

There can be more than one of a part
in the system (i.e. multiple batteries,
multiple bulbs) which has observable
effects on the system

Parts connected properly in a circuit,
allow energy to pass through
conductors in the circuit (Conductors
are a pathway for electrical energy).

HOW

Energy can be transferred from one
place to another

Energy can be transformed from one
form to another

Energy cannot be created or disappear
- Trace where the energy goes in the
circuit story (i.e. less energy in battery
over time, where does it go?)

WHY

Matter is composed of particles
(atoms, particles, electrons).

Particles have charges which makes
some particles attracted to other
particles.

Particle arrangement in materials
affects how electrons behave. Electron
behavior affects the conductivity of a
material.

Explain why energy is transformed by

interactions with matter and why it can
be moved (transferred) through matter
by bumping the particles of matter.

Additional Notes:
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2a

2b

10

11

12

Revised Circuits Unit Overview — Grade 4

LESSON 2
What Can
Electricity Do?

ADDED

ADDED

ADDED

ADDED

ADDED

LESSON 7
Conductors and
Insulators
LESSON 4
What’s inside a
light bulb?
LESSON 8
Making a
Filament
ADDED

ADDED

LESSON 12
Learning about
switches

ADDED

Pre Unit Assessment: Developing Models to
Explain the Flashlight Phenomenon

Building a Simple Battery

Testing Battery Recipes

**Just-in-time instruction: testing variables

Learning about Chemical Energy
Just-in-Time instruction: chemical energy

The Power of Multiple Batteries
Just-in-Time Instruction: Adding volts

Revising Models with Evidence

Testing Conductors and Insulators
Just-in-Time Instruction: Electrons

What’s inside a light bulb?

Just-in-Time Instruction: Light and heat energy

Making a filament
Just-in-Time Instruction: Energy and energy transfer/transformation

Telling the Energy Story in a Flashlight Circuit and
Revising Models

Writing the Evidence-Based Explanation for the
flashlight phenomenon

How do switches work?

Using circuits to communicate
Just-in-Time Instruction: Morse code

60-75
mins

45
mins
45-60
mins
45-60
mins
75-90
mins

60-75
mins

75-90
mins

45
mins

45
mins

45-60
mins

75-90
mins

30-45
mins

90+
mins

* Suggested times can span across multiple science class periods. For example a 90 minute suggested time would take two 45-

minute class periods or three 30-minute class periods. Depending on the culture of student talk, lessons initially may require

more time as students get used to talk routines. These times are approximate and suggestions. Lessons typically span multiple

class periods to allow students time to learn about particular concepts over multiple exposures.

** “Just-in-time Instruction” topics are content pieces students need in order to continue reasoning about how and why the

phenomenon happens. These are suggested in each lesson but may need to be supplemented or expanded based on your
students’ questions and ideas.
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NGSS abbreviations: PE=Performance Expectation; DCI = Disciplinary Core idea; CCC = Cross-Cutting Concept; SEP = Science & Engineering Practice

Pressing for WELLTMECS
evidence-based | UL
(SGIEREHG M important science

CIRCUITS UNIT OVERVIEW — 4™ GRADE Pl =

ekl | Eliciting students'
Initial Models for 4" Grade Circuits Unit — Eliciting Student Ideas (Lesson 1) e
Begin by eliciting students initial ideas about a circuit system. This pairing of lessons will take 2 or 3 class sessions but
provides students with an initial hands-on experience that helps them develop their models and enough time to add to their
models to explain not just what happens but how/why they think it happens.

4 )
I{en tion to E‘\“‘

Activity/Lesson Observations Learning Connection to flashlight Next Generation Science
phenomenon Standards (NGSS)
Students will draw and Where parts must be Hands-on “observation-level” PE: 4-PS3-2.Make observations
label 4 different ways to touching to make it work experience of making a flashlight to provide evidence that energy
light up a bulb using a (or not work); Circuits can | sets them up for making initial can be transferred from place to
Lesson 1, Part 1 battery, wire, and bulb. be made in different ways | model of what’s happening inside place by sound, light, heat, and
Also draw 4 ways that as long as parts touch in a | the circuit they can’t see that is electric currents.
Four ways to make | don’t work. complete pathway making it work. Also they’ve
a light bulb circuit — — — thought about reasons for why the DCI: PS3.D: Energy in
work (or not) failed circuits don’t work which is Chemical Processes and
As a closing, with students, create a public record of productive in adding to their model | Everyday Life - The expression
these observations and learning that students can refer | about why a flashlight would stop “produce energy” typically
to in part 2 when they develop their models. working after being left on. refers to the conversion of
stored energy into a desired
Using observations from part 1, students are asked to form for practical use. (4-PS3-4)
explain the causes behind what they observe: Why This initial model shows students’
does the bulb light up? What might keep it from current thinking about the CCC: Energy and Matter
working? What’s happening inside the battery, wire, observable and unobservable parts Energy can be transferred in
and bulb that we can’t observe/see but we think might | of a simple circuit and their initial various ways and between
Lesson 1. Part 2 be happening? Having physical materials available causal explanations about why a objects.
! helps students explain ideas to each other before flashlight would stop working after
L utting them on paper. being left turned on. SEP: Developing and Using
Creating initial N8 i —~ — ° Models Modeling in 3-5 builds
models Create a public record of students’ hypotheses about Students may say the battery “died” | on K-2 experiences and
what makes the flashlight stop working when it’s or “lost energy” and/or that the bulb | progresses to building and
accidentally left on. This could be done before “broke” or “went out”. Prompt revising simple models and
working on models to get them started thinking and students to say, write, and draw using models to represent
added to after they make their models OR can be about how they think these events | events. Develop a model to
created after making their models to capture the 5-6 happen not just identify that they describe phenomena. (4-PS4-2)
major hypotheses happen.
Circuits Unit Overview 14 4™ Grade Circuits
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NGSS abbreviations: PE=Performance Expectation; DCI = Disciplinary Core idea; CCC = Cross-Cutting Concept; SEP = Science & Engineering Practice

Summary Table of Planned Activities — Attending to On-Going Changes in Student Thinking

These activities do not have to be taught in this order, though this order does show one possible pathway through the unit. Respond to students’ ideas/questions to
make instructional decisions. Additional lessons may be added at the teacher’s discretion to address student questions/ideas. Decide when to have students do a mid-
point model revision with evidence from activities they’ve completed so far. In the proposed unit pathway, students do model revisions during lesson 5 but could be
move after the conductors and insulators activity happening between lessons 6 and 7 instead.

Lesson

Observations

Learning

Phenomenon Connection

NGSS

Lesson 2
Building a
Battery
(investigation)

- Pattern of zinc, copper, and
vinegar-soaked paper must be
in the right order to work

- Wire ends from LED must
touch either end of our stack
to work

- More “sandwiches” make the
LED brighter. (It won't light
up with less than 4.)

- There are metals like zinc and
copper and also acid (vinegar or
lemon juice) inside a battery.
This combo makes it work
(somehow).

- Batteries are made of multiple
cells (each “sandwich” is a cell
to make a whole battery — the
more cells the more power)

- The flashlight battery is likely
has metals an acids inside

- The flashlight stops working
if the battery dies.

- It might die because the acid
dried up - Like our battery
didn’t work if it wasn’t wet
enough with acid.

(investigation)

had a brightness of 12. (8 D-
cells made the light bulb
“pop” and break).

Lesson 3 Mixing baking soda and - “Batteries” as we commonly use | The battery in the flashlight

& | Learning vinegar is a chemical the word are actually just one stores chemical energy

ECS about reaction cell (D-Cell, AA-cell, etc.) but (because of the chemicals

& | Chemical - It went fast and bubbled has metals and acids inside. inside it like metals and

S | Energy - It eventually stopped Chemicals store energy. acids).

g (readings & Batteries have different

< | video) strengths measured in volts.

O

Y Most battery cells we use (AA,

8 AAA, D) are 1.5 volts. A car

'E} battery is 12 volts.

3 Lesson 4 - Using the brightness meter, - Light bulbs have a limit to how | The flashlight might go out
How do we observed a pattern that as much power (volts) they can because it doesn’t have
multiple more D-Cells were added to “take” before they break. enough power left in the
batteries the circuit the light bulb - More power causes more battery light up the bulb.
affect the increased in brightness. brightness
brightness of | - For example, 1 D-cell had a - More power means more chem. | (Possible student question:
a bulb? brightness of 4 but 5 D-cells energy Where does the power go?

How does it “get out” of the
battery?)

PE: 4-PS3-2. Make observations
to provide evidence that energy
can be transferred from place to
place by sound, light, heat, and
electric currents.

SEP: Carrying Out Investigations
- Make observations to produce
data to serve as the basis for
evidence for an explanation of a
phenomenon

DCl: PS3.A: Definitions of
Energy - Energy can be moved
from place to place by electric
currents.

DCl: PS3.D: £nergy in
Chemical Processes and
Everyday Life - The expression
“produce energy” typically
refers to the conversion of
stored energy into a desired
form for practical use.

DCl: PS3.B: Conservation of
Energy and Fnergy Transfer -
Energy can also be transferred
from place to place by electric
currents, which can then be
used locally to produce heat
and/or light.

Adlditional lessons may be added if students have questions about how batteries discharge, re-charge, and are made. You could decide to insert these lessons here or wait until after
students learn more about conductors/insulators, electrons and light bulbs before revisiting batteries to have richer discussions once students have more info.

Circuits Unit Overview
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NGSS abbreviations: PE=Performance Expectation; DCI = Disciplinary Core idea; CCC = Cross-Cutting Concept; SEP = Science & Engineering Practice

Lesson

Observations

Learning

Phenomenon Connection

NGSS

Lesson 6
Conductor
or
insulator?
Testing
materials

- Metals such as coins, paperclips,
and foil make the circuit work (light

turns on)

- Plastic and glass do not make the

circuit work (light bulb does not
turn on)

- Conductors allow electric current to
pass through them. Metals are
conductors because they let current
flow through them.

Non-conductors (also called
insulators) block or stop electric
current. Plastic and glass are Non
Conductors

A flashlight case can be made of
metal or plastic. If made of metal
it is important not to have it
touch exposed parts of the
flashlight circuit or it might short
circuit. Plastic makes a better
case because it’s light-weight,
cheap. and a non-conductor.

Lesson 6
(continued)
Why do
some
materials
conduct
electricity?

Conductors, Electrons , Electrical Energy

Electrons bump to move or transfer energy (like when we bumped in the
circle, the energy moved around but we — the electrons — did not)

Metals have one free electron to bump around and hop from one atom to
another which is why the current can flow through them.
Non-conductors (insulators) do not have any free electrons so there is no
bumping or moving current so they do not conduct electrical energy

Electrons are in everything, all
materials. Materials like the wire
and the filament are made of
metal so they let current go
through them because there are
free electrons to bump and
move/transfer the energy.

PE: 4-PS3-2.Make observations to
provide evidence that energy can
be transferred from place to place
by electric currents.

DCI: PS3.A: Definitions of Energy
Energy can be moved from place to
place by electric currents.

SEP: Asking Questions.- Ask
questions that can be investigated
and predict reasonable outcomes
based on patterns such as cause and
effect relationships.

CC: Energy and Matter
Energy can be transferred in various
ways and between objects.

Lesson 7
Looking
inside a

light bulb

+ There are 2 thick wires going up to

support a curly wire

- There is a glass, plastic. or glue-like

thing between the two thick wires

- One thick wire (support wire)

connects to the base of the bulb
the other (support wire) is
connected to the metal ring (This
explains why you must touch the
bottom of the base and the side of
the base)

The lightbulb has a system of parts that
work together to make the lightbulb
work. If one part is disconnected or
breaks it won’t work. (Students
hypothesize about what might cause a
part of the bulb to break or stop
working - i.e. filament gets too hot and

pops)

The flashlight lightbulb has the
same parts as the big bulbs we
observed. Similarly if any of

these parts stopped working or
became disconnected then the
flashlight would stop working.

Lesson 8
Making a
filament

Heat & Light Energy

- The filament glows and gives off

heat when the bulb is on

- The filament is made of tightly

coiled wires of tungsten

The filament glows which transforms
or changes the electrical energy in the
wires into light and heat energy.
Students may know about how/why
this works using knowledge of
electrons and friction)

The flashlight lightbulb has a
filament, much smaller than the
one in the large bulb. Students
may hypothesize smaller
filaments break more easily than
big ones because of size

DCI: PS3.A: Definitions of Energy
Energy can be moved from place to
place by electric currents. (4-PS3-
2),(4-PS3-3)

DCl: PS3.B: Conservation of Energy
and Energy Transfer- Energy can
also be transferred from place to
place by electric currents, which
can then be used locally to produce
heat and/or light.

SEP: Asking Questions.- Ask
questions that can be investigated
and predict reasonable outcomes
based on patterns such as cause and
effect relationships.

CC: Fnergy and Matter
Energy can be transferred in various
ways and between objects

Circuits Unit Overview
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NGSS abbreviations: PE=Performance Expectation; DCI = Disciplinary Core idea; CCC = Cross-Cutting Concept; SEP = Science & Engineering Practice

Final Models & Pressing for Evidence-Based Explanations of the Flashlight Phenomenon

Lesson Description of Task Connection to NGSS
phenomenon
Lesson 9 Students synthesize what they’ve learned about batteries, wires, and light CC: Energy and Matter
. | lain h he el . fl R | . Energy can be transferred in various
Telling the bulbs to explain how t e electric current flows in a c os.ed circuit system, ways and between objects.
Energy Story in | what energy transformations happen and where they think they happen
a Flashlight within the circuit system. Students include a diagram as well as writing to | Students use specific SEP: Developing and Using Models
Circuit and explain their claims and evidence. evidence from individual Modeling in 3-5 builds on k-2
o tivities to iustify additions | &xPeriences and progresses to building
Revising ac o J y_ and revising simple models and using
Models or revisions to their model models to represent events. Develop a
in order to explain the model to describe phenomena. (4-PS4-
. . .| flashlight phenomenon. 2)
Lesson 10 Students use sentence frames to connect evidence from activities to their ghtp
Writing the claims about why a flashlight would stop working. Written explanation SEP: Constructing Explanations

Evidence-Based
Explanation for

will attend to different parts of the circuit as well as how the system

functions as a whole.

Use evidence (e.g., measurements,
observations, patterns) to construct an

the flashlight explanation.
phenomenon
Engineering Task: Using Circuits to Communicate
Lesson Description of Task NGSS

SEP: Constructing Explanations and Designing Solutions Apply scientific ideas to solve design
Lesson 11 Students will create a switch to easily turn the circuit on and problems ‘
How do off using what they know about conductors and insulators DCI PS3.B: Copservatlon of Epergy and Energy Transfer - Energy can be tfansferred from place‘to

s which they will need to use in lesson 12 place by electric currents, which can then be used locally to produce motion, sound, heat, or light.

switches ’ The currents may have been produced to begin with by transforming the energy of motion into
work? electrical energy.

CCC Energy and Matter - Energy can be transferred in various ways and between objects

Students apply what they’ve learned about circuits to create a PE 4-PS4-3. Generate and compare multiple solutions that use patterns to transfer information.

Lesson 12 device that allows for communication over distances. [Clarification Statement: Examples of solutions could include drums sending coded information

Using circuits
to
communicate

e  Students learn about ways to transfer information
across distances (such as Morse code using light or
sounds).

e  Students design and build a circuit and communicate
messages to their peers using an established code or
a system they create.

e  Students compare their solutions and provide
feedback.

through sound waves, using a grid of 1’s and 0’s representing black and white to send information
about a picture, and using Morse code to send text.]

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 solution

DCI PS4.C: Information Technologies and Instrumentation - Digitized information can be
transmitted over long distances without significant degradation. High-tech devices, such as
computers or cell phones, can receive and decode information—convert it from digitized form to
voice—and vice versa. (4-PS4-3)

DCI ETS1.C: Optimizing The Design Solution - Different solutions need to be tested in order to
determine which of them best solves the problem, given the criteria and the constraints. (4-PS4-3)
CCC - Patterns of change can be used to make predictions

Circuits Unit Overview 17
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Curriculum Guide

Lessons & Activity Guides

Ambitious Science
Teaching Framework
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This curriculum guide follows the four core teaching practices of the Ambitious Science Teaching Framework. This model-
based inquiry approach to science teaching leverages students’ existing personal experiences and current understanding
about causal mechanisms in their world to revise their own explanations of specific, contextualized scientific phenomena.







Lesson 1: Developing Models to Explain the
Flashlight Phenomenon

OBJECTIVES & OVERVIEW

This lesson introduces students to the new unit about circuits
allowing them to make connections to their prior experiences with
battery-powered devices (i.e. cell phones, tablets, toys, etc.) by
creating a simple circuit and explaining why they think a circuit
works and why it might would stop working.
e Students share observations about the circuits they create.
e Students develop models to explain what might cause a
flashlight to stop working.

NEXT GENERATION SCIENCE STANDARDS (NGSS)

CONNECTION TO KIT

QO

See Lesson 2: What can
electricity do? Pgs 7-13
NOTE: Students do NOT need to

learn the vocabulary in figure 2-2
on pg 8 at this time.

4-PS3-2. Make observations to provide evidence that energy can be transferred from place to place by
sound, light, heat, and electric currents.

Science and Engineering
Practices (SEP):

Developing models -
Collaboratively develop
and/or revise a model based
on evidence that shows the
relationships among variables

Disciplinary Core Ideas (DCI):

PS3.A: Definitions of Energy - Energy can
be moved from place to place by moving
objects or through sound, light, or
electric currents. (4-PS3-2)

PS3.B: Conservation of Energy and
Energy Transfer- Energy is present
whenever there are moving objects,
sound, light, or heat. Energy can also be
transferred from place to place by electric
currents, which can then be used locally
to produce motion, sound, heat, or light.
PS3.D: Fnergy in Chemical Processes and
Everyday Life - The expression “produce
energy” typically refers to the conversion
of stored energy into a desired form for
practical use

Cross-Cutting Concepts (CCC):

Cause and Effect — Mechanism
and explanation. Events have
causes, sometimes simple,
sometimes multifaceted. A
major activity of science is
investigating and explaining
causal relationships and the
mechanisms by which they are
mediated. Such mechanisms
can then be tested across given
contexts and used to predict
and explain events in new
contexts.

Energy and Matter - Energy can
be transferred in various ways
and between objects

MATERIALS
Part 1

For the class demonstration:

phone, etc.)
Per student:

- 1 wire, D-cell, small light bulb

- Science notebook

Part 2

For the class demonstration:
1. Battery-operated item (flashlight, board game, cell -
Per student:

- Colored pencils (optional) -

Lesson 1: Eliciting Students’ Ideas 19

1 large flashlight

1 wire, D-cell, small light bulb
Per individual (or partner):

1 model scaffold

Colored pencils (optional)

4™ Grade Circuits
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PROCEDURE

Part 1 of 2 (45 minutes)

Introduce the lesson: Whole Group
1.

Gather students on carpet area and show them the battery-powered item such as a cell

phone, hand-held game device, board game like Operation, etc.)

2.

Tell students to make some observations about the device. Show them how the item works
(don’t say anything verbally),

just show turning it on and off). Think-Pair-Share with a

partner about these questions:
What do you see or hear happening? What does this item need to work properly?

Explain that in this upcoming science unit we will be learning more about how circuits

work like this [insert name of item used in step 2 here] and in our emergency bucket
flashlight (hold up emergency flashlight and turn in on and off).

Circuit-making task: Individuals or Partners

Back-Pocket Questions

1. Tell students that they will each have a small wire,
battery, and a light bulb. Their challenge is to come up Reminder:
with 4 different ways to put these items together to make - | see you found a way that
the bulb light up and also 4 ways that do not work. Draw did/didn’t work.
these in the science notebook. Remember to sketch it in
2. Have students gather materials and begin. your notebook.
3. As students work, circulate to observe and encourage Observations:
them to help each other. Questions you could ask - | see you got it to light up.
students as they work are suggested in the box at right. How did you have to have
4. As you circulate, select 2-3 students to share one of their the pieces arranged to make

sketches and explain what they did to make it work (or
not). Near the end of the exploration time, prepare them
to share under the document camera by telling them

which part you want them to explain or describe.
Here is a photo of what a student’s notebook might look like at the end of this circuit
exploration task. This student combined materials with others at the table group and also
noticed that multiple batteries made the bulb brighter and one battery could light up

multiple bulbs but they were dimmer.

it work?
Hypothesis:
- What do you think makes
the bulb light up?
- Why do some ways not
work and others do?

4

O s v i |

few zan we make Hre light L,y
WY op ! i y [

L-ight bulk elogs et b ‘
Oy, o s %
Lo X e SAFETY ALERT!
e
L S, U Mj-l :
L F—+—7
PN <N: Si s T | sl N
S S e =
== e . T If materials begin to feel
/ i G hot or warm, put down
N A S e e the materials and
i ot )" SN T T . .
5 = J. ; =1 disconnect the pieces.
L= - |
i T l == —“‘;,ﬁ,_, This happens when students make
— i 1 SR a short circuit by connecting the
i ‘, = o A wire to both ends of the battery
= T —— with no bulb connected.
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Making a List of Observations: Whole Class

1. Have 2-3 students share one of the ways they found that the circuit worked or did not work.
Ask other students if they found these ways or similar ways. Invite other students to ask
question or comment on different configurations that work or ways that do not work

2. Create a class chart with at least 4 different ways that work (using just one wire, bulb, and
battery), and 4 ways that do not work.

3. Capture students’ observations on a public chart about how to make the bulb light up at the
bottom of the chart. Questions to use during this part of the lesson:

a. What do we notice about all the ways we found that make the bulb light up?
[Possible responses: both ends of the battery are touched by something metal; it’s
connected in a circle, all metal things are touching, the metal thing at the bottom of
the light bulb has 2 places that have to be connected: the bottom and screw part]

b. What do we notice about the ways we found out that didn’t work? /Possible
responses: it was in a line, it wasn’t connected to both ends of the battery, it wasn't
connected to the side and bottom of the metal thing on the light bulb]

The photo below shows a student reviewing ways the class found
to light up a bulb using just one wire, one battery, and one bulb.

Wow does 4 ﬂangH wor k.2
H Woys 4 ((jlfﬁ the bulp

\qk&\ou\\') ‘ |.¢Jh*bu|\o

Science vocabulary note: At the end of this part of the lesson, introduce the word ‘circuit.” Tell
students that today they each made a circuit that lit up a light bulb. Circuits can do lots of different
things but for the next few weeks we are focusing on circuits that are designed to give us light. (In
future lessons it may be useful to create a chart with characteristics of circuits but it is not necessary
or advised at this point in the unit.)

Lesson 1: Eliciting Students’ Ideas 21 4™ Grade Circuits
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Part 2 of 2 (45 minutes)
Introduce the phenomenon: Whole Group
Take out the large flashlight and show it to the class. Tell the following story: Explain that
one day you shoved it away (in a cabinet or drawer) and it was accidentally left on. The
next time you went to use it, it didn’t work. You turned the switch on and off and nothing!
Have students think-pair-share about what they think could have happened to make the
flashlight stop working properly. They may make connections to experiences they’ve had
where some battery-operated device stopped working. Questions to ask:

a. What are all the possible reasons that this flashlight would stop working?

1.

b. What would cause that to happen?

Introduce the model scaffold sheet (see right). Tell oy e e s -ty
students that they will have all this space to draw and e

write first on the left side about how a flashlight works | = o=
and then what happened that a month later the same . ‘ .

flashlight would stop working on the right side.

Emphasize the following:

a. Students can redraw and cross out any parts of
the pre-drawn drawing they don't like or find

confusing.

Model Scaffold - Copy on ledger paper 11"x17"

b. Include observations. Remember what we did yesterday. How do the wire, battery,
and bulb touch to light up the bulb? (This goes on the left half of the paper).

c. Include what you think is happening inside the parts of the circuit. Pretend you can
see inside the battery, inside the wire, inside the light bulb — what might be going
on in there to make a flashlight work (left side)? or not work (right side)?

d. Allow students access to the materials they used in part 1 at their table groups so
long as they aren’t distracting to others in order to check their ideas as needed.

Students develop their own models: Individual Work

1.

Each student gets a model scaffold sheet and
begins to write and draw about how and why
they think a flashlight works and what might
happen that we can’t see that would make it
stop working. You could encourage partner
talk, it does not need to be silent.

As you circulate, look at student drawing and
writing and ask for clarification if something
isn’t labeled or explained. Have them add
their response to the drawing or writing on
their model.

a. If students are having difficulty
drawing the parts refer them to the
chart from yesterday, the materials
themselves, or the drawings in their
notebooks.

b. If students are drawing and writing
about their ideas about the
unobservable parts of what could be
going on, try some of the back-pocket
question suggestions at right.

Lesson 1: Eliciting Students’ Ideas 22

Back Pocket Questions

Prompts if nothing is on the drawing:
- Where does the wire and bulb need to
be drawn so the bulb lights up?

- What might be going on inside the
battery/wire/bulb that we can’t see to
make it work? or stop working?

Examples of ways to respond to student

ideas:

- lseeyoudrew inside the battery.
What happens to that when the flashlight
stops working? Where does it go?

- You said the battery makes the bulb light
up. How does it do that?

- | see you showed that curly part of the
lightbulb is broken. What might have
happened to make that break?

4™ Grade Circuits
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As students work, look for different ways students represent what’s inside the battery, wire,
and light bulb. Prepare students to share out these ideas in the next part of the lesson to
generate a list of hypotheses about what is going on that we can’t see that could cause the

flashlight to stop working.

During this time students can talk to each other and the teacher about their thinking, but
each student records their individual thinking on their own paper.

Listing Hypotheses & Questions: Whole group

1.

Have students you've selected share one
piece of their model. Have students compare
and share the different ways they are
representing what they think is going on
inside the battery, wire, and bulb.

After a few students share and engage in
some student-to-student talk about these
ideas create a list of initial hypotheses about
what might go wrong that makes the circuit
stop working. (The list at right is an example
of what this list might look like.)

This list should be revised over time after
students engage with investigations so leave
space around or between the ideas for
changes later.

Create a list of questions — this can be done
as a whole group or have students write
questions on sticky notes and stick them on a
‘Questions’ chart. These questions and
students’ initial ideas will help guide how the
unit unfolds.

EXAMINING STUDENT WORK

Lesson 1: Eliciting Students’ Ideas 23

Why would a flashlight stop working?
Our initial ideas

The switch was left on so the battery
drained and there isn’t enough left to
turn on (it might flicker or get lower and
lower light)

The battery ran out of energy, got low on
juice, used up its “energy ball”, lost its
fuel (like a car)

bulb broke because it overheated

bulb broke because | could have
slammed the drawer too hard

something got disconnected because |
slammed the drawer shut too hard

there are electric cells in the wire that
move the energy around and maybe they
ran out through the light bulb

Use a Rapid Survey of Student Thinking to take notes about students’ ideas looking across

your class set of models. Pay careful attention to partial and alternative ideas students have
that could be related to energy transfer and transformation. The next few pages show some
examples of student work from this initial model lesson to give you a sense of what kinds of
ideas your students may bring up and represent.

Save the set of students’ initial models as a formative assessment. Use the models to fill out
the What-How-Why Levels of Explanation trackers. \When students do model revisions and
final models later in the unit both you and they can identify how their thinking has changed
and students can justify why they want to revise particular ideas.

4™ Grade Circuits
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PLANNING NEXT STEPS

The summary table of activities in the unit is in 3 chunks: batteries, wire, lightbulb. This order
presented in the overview and summary table would be fine to follow and students are likely most
curious about what’s happening inside a battery so that may be a good place to start. You could
elect to change the order or add in additional lesson(s) if your students have other questions about
circuits.

RECOMMENDED LESSON EXTENSION

See kit guide Lesson 3: A Closer Look at Circuits (pgs15-19) if you can give students more hands-on
time with the wire, bulb, and d-cell. Pass out copies of activity sheet 1 on pg 19 and circuit
materials. Have students use materials to follow each drawing to see if each configuration will turn
the bulb on or off. This does not need to be a whole-group lesson. It could also be at a science
station or during a shorter science block (about 20 minutes).
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4"™/5™ Grade Circuits Unit — Initial Model Example— Student A

Namng, |

Directions:

Date: \=“' -\ - Teacher: |

Why does the light bulb light up? (Or not?) - My Model

1. Drawwhat you think is happening /nside the D-Cell, the wire, and the light bulb in both situations even though you can’t see inside.
2. Write afew sentences below each diagram. Use the back if you need more space to show your thinking.

I N
light bulb 3
g u ) K\‘Q)ﬁo{; Q/
DURERY 5
CE
/ D-Cell
gt
e \‘\_

When the wires and bulb are connected to the D-=cell in a particular way, the
light bulb lights up. Draw the wires in the diagram to make the bulb light up.

Add to the diagram. Write and draw: What makes the light bulb light up? Why
do you think the bulb gives off light?

AN 'mim” the b@*’r'?il’/‘ '—\,t.«:\’ e NN Ee_

light bulb

One month later

Draw in the wires you drew before. In

\\h——/
this'diagram, the bulb is left

D-Cell

connected to the D-cell for one whole month. Now, the light bulb is no
longer giving off light.

Why do you think this could be? What do you think would cause the light
to go out?

the_
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4"™/5™ Grade Circuits Unit — Initial Model Example— Student B

Name:___

Date: | 171> Teacher: _ —

Why does the light bulb light up? (Or not?) - My Model

Directions:

1. Draw what you think is happening /nside the D-Cell, the wire, and the light bulb in both situations even though you can’t see inside.
2. Write afew sentences below each diagram. Use the back if you need more space to show your thinking.

light bulb

D-Cell

When the wires and bulb are connected to the D-cell in a particular way, the
light bulb lights up. Draw the wires in the diagram to make the bulb light up.

Add to the diagram. Write and draw: What makes the light bulb light up? Why
do you think the bulb gives off light? .

Wifes are  connedtd  fo  [wht bk
Which  makes - WA of.
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bﬁﬁﬁf One month later
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Draw in the wires you drew before. ln\t'hl”é’aiagram, the bulb is left
connected to the D-cell for one whole month. Now, the light bulb is no
longer giving off light.

Why do you think this could be? What do you think would cause the light
to go out?
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4"™/5™ Grade Circuits Unit — Initial Model Example— Student C

wawe, __ 1 i L leacner.

Why does the light bulb light up? (Or not?) - My Model

Directions:

1. Drawwhat you think is happening /nside the D-Cell, the wire, and the light bulb in both situations even though you can’t see inside.
2. Write afew sentences below each diagram. Use the back if you need more space to show your thinking.

light bulb

When the wires and bulb are connected to the D-cell in a particular way, the
light bulb lights up. Draw the wires in the diagram to make the bulb light up.

Add to the diagram. Write and draw: What makes the light bulb light up? Why
do you think the bulb gives off light?
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One month later

./P
¥ab light bulb

D-Cell

Draw in the wires you drew before. In this diagram, the bulb is left
connected to the D-cell for one whole month. Now, the light bulb is no

longer giving off light.

Why do you think this couid be? What do you think would cause the light
to go out?
[
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4"™/5™ Grade Circuits Unit — Initial Model Example— Student D

Name: Date:!/“// |~  Teacher: _

Why does the light bulb light up? (Or noﬁ My Model

Directions:
1. Draw what you think is happening /nside the D-Cell, the wire, and the light bulb in both situations even though you can’t see inside.
2. Write a few sentences below each diagram. Use the back if you need more space to show your thinking.

g \ At
light bulb O /‘*L\/ : light bulb

When the wires and bulb are connected to the D-cell in a particular way, the Draw in the wires you drew before. In this diagram, the bulb is left

light bulb lights up. Draw the wires in the diagram to make the bulb light up. connected to the D-cell for one whole month. Now, the light bulb is no
longer giving off light.
Add to the diagram. Write and draw: What makes the light bulb light up? Why
do you think the bulb gives off light? Why do you think this could be? What do you think would cause the light
| to go out?
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4"™/5™ Grade Circuits Unit — Initial Model Example— Student E

Date: [~ 1~ Teacher: '~ ey

Name:
Why does the light bulb light up? (Or not?) - My Model
Directions: \ GO C. ,
1. Draw what you think is happening /nside the D-Cell, the wire, and the light bulb in both situations even though you can’t see inside.
2. Writeafew sentenc7s below each diagram. Use the back if ¥ou need more space to show your thinking. . e ] ( ~
« 1 =L _;\ ,:‘ \__i :) i A — L “"
light bulb SRR light bulb f
" N | ’ '
{
\
\ -7 D-Cell
\\ UJ‘ ( N
\\/
R

Draw in the wires you drew before. Tn thié/diagram, the bulb is left
connected to the D-cell for one whole month. Now, the light bulb is no

longer giving off light.

S :
When the wires and bulb are connected to the| D-cell in a particular way, the
light bulb lights up. Draw the wires in the dlagram to make the bulb light up.

Add to the diagram. Write and draw: What makes the light bulb light up? Why

do you think the bulb gives off light? Why do you think this could be? What do you think would cause the light

.} b to go out?
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Example Rapid Survey of Student Thinking (RSST) from a 4"/5" grade class using data from student models and classroom talk
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Rapid Survey of Student Thinking (RSST)

Categories Trends in student understanding, language, experiences found in Instructional decisions based on trends on student
student work and talk understanding. How do student ideas, experiences, and
language connect to upcoming lessons?
What partial
understandings

do students have?

What alternative
understandings
are students
showing?

What everyday
language do
students use to
talk about the
phenomenon?

What experiences
did students bring
up that can be
leveraged?

Lesson 1: Eliciting Students’ Ideas

33

4™ Grade Circuits
© 2015, AmbitiousScienceTeaching.org




(This page intentionally left blank.)

Lesson 1: Eliciting Students’ Ideas 34 4™ Grade Circuits
© 2015, AmbitiousScienceTeaching.org



Lesson 2: Making a Simple Battery

OBJECTIVES & OVERVIEW
This lesson is the first in a series to help students better understand what’s going on inside a battery
that we cannot directly observe. Many students’ initial models may have shown something inside a
battery and how it might change over time. In this lesson, students will create a voltaic pile (small,
simple battery cell) to light an LED.
e Students share observations about the voltaic pile (battery cell) that stores chemical energy.
e Students begin to make generalizations about what all batteries likely have inside that makes
them work (and hypothesize about what might happen to make it stop working).

NEXT GENERATION SCIENCE STANDARDS (NGSS)

4-PS3-2. Make observations to provide evidence that energy can be transferred from place to place by
sound, light, heat, and electric currents.

4-PS3-4. Apply scientific ideas to design, test, and refine a device that converts energy from one form to
another

Science and Engineering
Practices (SEP):

Planning and Carrying Out
Investigations

Make observations to
produce data to serve as the
basis for evidence for

an explanation of a
phenomenon [phenomenon
in this lesson: how a battery
works]

Disciplinary Core Ideas (DCI):

PS3.A: Definitions of Energy -
Energy can be moved from place to
place by moving objects or through
sound, light, or electric currents. (4-
PS3-2)

PS3.D: Energy in Chemical
Processes and Everyday Life - The
expression “produce energy”
typically refers to the conversion of
stored energy into a desired form for
practical use

Cross-Cutting Concepts (CCC):

Cause and Effect — Mechanism and
explanation. Events have causes,
sometimes simple, sometimes
multifaceted. A major activity of science
is investigating and explaining causal
relationships and the mechanisms by
which they are mediated. Such
mechanisms can then be tested across
given contexts and used to predict and
explain events in new contexts.

Energy and Matter - Energy can be
transferred in various ways and between
objects

MATERIALS

For the class demonstration:

1 lemon clock kit
1 lemon
Per pair of students:

Required materials that may not be in kit:

Direction for making a voltaic pile

5 zinc washers

5 copper pennies (pre-1984)
5 small squares of white paper
1 LED holiday light with stripped ends

Small cup of vinegar

Science notebook and pencil
Disposable gloves (optional)

Lesson 2a: Making a Simple Battery 35

1 lemon

Small bottle of vinegar or lemon
juice

Squares of paper(5 per pair)
pre-1984 pennies (5 per pair)
Paper towels
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PROCEDURE

Prior to the lesson: Reread the teacher background knowledge at the beginning
of this unit guide about what is going on inside a battery. SAFETY ALERT!

Introduce the lesson: Whole Group
1. Gather students on carpet area.
2. Show them some student models from lesson 1 that show a variety of
ideas about what might be going on inside the battery that we can’t see.  Vinegar (or lemon

(See below of samples from 4™ graders, select models from your juice) is a weak
students.) Today students will be learning more about what might be acid. Remind
going on inside the battery to make it work. students not to
Focal Question: What is inside a simple battery? touch their face or
3. Show students a lemon clock and name the parts of the clock to eyes during class.
introduce vocabulary like acid (lemon juice) and metals (copper and Wash hands after
zinc- the same metals students are using today. the activity.

4. Explain that today they will follow a simple recipe to make a simple
battery. Show students the direction card and what materials look like
briefly. If desired, you can make one ahead of time and show students
what it looks like and that it will light the LED. Provide the safety alert
about vinegar as a weak acid.

Examples of 4" grade student models zoomed-in on what they think might be going on inside the battery.
Showing some student examples to launch this lesson sets a purpose for why students are building a battery — to
see if it is similar or different than our ideas and what can we learn from this to add to our understanding.

A== ol
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Making-the-battery task: In Partners

1.

Have partners follow the directions on the student directions
page to make the battery. Prompt pairs to work together in
their groups and help each other if needed. Some common
issues that prevent the battery from working:

- Pattern not followed carefully, double check

- Papers not saturated, add more acid (vinegar/lemon juice)
- LED wires need to be reversed on each end the stack

hands. Throw away vinegar-soaked papers. Return LEDs,
rinsed and dried pennies and washers to materials table.

Back-Pocket Questions

Observations:
- What did the stack have to
look like in order to work?
- What are the materials that
make up our battery?

2. As students work, circulate and help troubleshoot issues so Hypotheses:
that all partners can be successful in lighting an LED. - What happens if the paper
3. When students are successful lighting the LED, have students is too dry? Why do you
sketch it on the student recording sheet. think the vinegar is
4. Clean up materials. Rinse off pennies and washers. Wash important?

- What happens if the stack
is out-of-order? Why do

you think that matters?

Creating a Summary Table of Activity: Whole Class

1. OBSERVATIONS: Reconvene as a whole class and summarize what they just did to make a
battery. This can be on a large piece of butcher paper in a row called “Making a Battery” and
fill in observation box together.

2. Show students the lemon clock again. Ask students to compare the lemon clock and the
battery they just made. Students will notice that both have copper-colored and silver-colored
metals and some kind of acid (lemon juice or vinegar). Think-Pair-Share:

=>» Based on these two batteries, what might be inside most if not all batteries?

3. LEARNING: Add comments from the think-pair-share about what they think is inside the
battery to the “Learning” column of the summary table row. This may have a question or two
students could add on sticky notes that may be answered in lessons 3 and 4.

4. CONNECTION: In our flashlight phenomenon, it stopped working. Think-Pair-Share:

> What might have happened inside the battery to make the battery stop working?
Write some ideas in the summary table under “connection to phenomenon.”
The summary table row below may be similar to what the summary table row looks like from the class
discussion. Students may have additional questions about batteries as this is just the first lesson in the
series. Have students write Q’s on sticky notes and stick them on the ‘Questions’ chart or on the
summary table. Check in with their questions during subsequent lessons to see if we have answers
yet.

Nawme of Observations what have we Connection to

Activity Learned so far? Phenomenon
- Our batte@ had aclol BOth our bat’ce@ anol The flashlight stops

Making a (Vinegar) and metals the lemon clock wsed working if the batte@

died.
(t might die because the
actd dried up - Like our
bottery didn't work if it
wasn't wet enough with
acid.

actds and metals
Do all batteries have
actds and metals?

SimpLe Eatterg

2ine washer
=

"y

(zine, copper)

- we had to follow a
pattern to make it
work

- It had to have enough
aciol (vinegar) to work

— T
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Science vocabulary note: Students should now be familiar with (but not yet fully proficient with) the
following terms: circuit, battery, acid, metals

PLANNING NEXT STEPS

e Reflect on students’ ideas, experiences, and questions you heard in class about what students
brought up about what they know about batteries as they were making one. Note questions
you heard them ask and look ahead in the unit guide to see if they will find answers in
upcoming lessons. You may decide to add in an additional lesson about chemical energy or
batteries to help students answer their questions.

e Revisit ideas pertaining to energy and what’s going on inside the battery in the teacher
background at the beginning of this unit guide.

READING CONNECTION

A short reading is included in this lesson about the first batteries. READING INTEGRATION
Read it as a class or have students read it on their own and compare
what the reading says about the parts that make up a battery and the
‘recipe’ we used — what’s similar? What's different? What questions do
they have?

After reading this, some students may want to try a battery submerging

the metal pattern/stack into an acid instead of using the acid-soaked Short reading about the
papers. This is something they could try in lesson 2b. first electric batteries.
Lesson 2a: Making a Simple Battery 38 4™ Grade Circuits
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Student Directions for Making a Simple Battery
Materials:

- 5 copper pennies

- 5 zinc washers

- 5 squares of paper

- 1 LED light

- Small cup of vinegar

- Eye dropper (optional)

- Paper towels for clean-up

- Disposable gloves (optional)

Directions:

Use the eye dropper or place paper in cup to soak 1 square of paper with some vinegar.
Make a “sandwich” with 1 penny, 1 piece of vinegar-soaked paper, and 1 zinc washer.
Repeat steps 1 and 2 until you have 5 “sandwiches.”

Next, stack 5 “sandwiches” on a strip of aluminum foil like the drawing below shows.
Connect the wires of the LED to the top of the stack and the aluminum base.

ok W=

LED
Light Emitting Diode

One "sandwich" of
penny, vinegar, zinc‘[

paper
zinc washer
vinegar-soaked paper
penny

Doesn’t work? Try this!

- Does the LED light up? Reverse the wires of the LED to opposite sides of the stack.

- Does the LED light up now? If not, double check your pattern of sandwiches.

- Still not working? Add some vinegar to make sure papers are moist.

- Does the LED still not light up? Ask other students to check your stack and see if
they have ideas to help it work.
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Name: Date: Build a Simple Battery

1. What are the materials you used to make the battery?

2. How many ‘sandwiches’ did you need to make one LED light up?
How many ‘sandwiches’ did you need to make two LEDs light up?
4. Sketch and label the circuit you made with your partner:

5. How is your battery similar to the lemon clock?
Our battery and the lemon clock both have...
They are similar because...

6. What other materials do you think would work to make the ‘sandwiches’? What other acids or
liquids would you want to try?

7. What are you still wondering about how batteries work?
One question | still have about batteries is...
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Student Readling: Batteries of Clay — Read together or copy and cut apart so students can read it and tape it into science notebook/folder.

Batteries of Clay

Some archaeologists and chemists think
that the first electric batteries may have
been clay pots. The metal rods inside the
pots were surrounded by a copper cylinder.
When a solution was poured into the pot, it
became a working battery that could gen-
erate up to 2 volts of electricity. Jewelers
may have used the current to coat ordi-
nary metals with gold and silver. The clay
pots pictured here are models of those
found in Baghdad. The real clay pots found
in Baghdad are more than 3000 years old.

COURTESY OF THE BERKSHIRE MUSEUM, PITTSFIELD, MASSACHUSETTS, USA

STC/MS™  ENERGY, MAGHINES, AND MOTION

Batteries of Clay

Some archaeologists and chemists think
that the first electric batteries may have
been clay pots. The metal rods inside the
pots were surrounded by a copper cylinder.
When a solution was poured into the pot, it
became a working battery that could gen-
erate up to 2 volts of electricity. Jewelers
may have used the current to coat ordi-
nary metals with gold and silver. The clay
pots pictured here are models of those
found in Baghdad. The real clay pots found
in Baghdad are more than 3000 years old.
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Batteries of Clay

Some archaeologists and chemists think
that the first electric batteries may have
been clay pots. The metal rods inside the
pots were surrounded by a copper cylinder.
When a solution was poured into the pot, it
became a working battery that could gen-
erate up to 2 volts of electricity. Jewelers
may have used the current to coat ordi-
nary metals with gold and silver. The clay
pots pictured here are models of those
found in Baghdad. The real clay pots found
in Baghdad are more than 3000 years old.

COURTESY OF THE BERKSHIRE MUSEUM, PITTSFIELD, MASSACHUSETTS, USA

STC/MS™  ENERGY, MAGHINES, AND MOTION
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Lesson 2b: Testing Battery Recipes

OBJECTIVES & OVERVIEW
After lesson 2a, students want to try other materials to make their own battery to light an LED. Things
like squares of aluminum foil or other acids (i.e. lemon juice, vinegar, orange juice, salt water, tap
water, distilled water). Students can redo the directions in lesson 2a testing other materials or other
patterns. Also, students may want to make bigger/taller stacks to see what happens. Students will
observe that materials must be in particular repeated patterns, the LED must be hooked up “the right
way”, and that materials like plastic and cardboard do not work as a main ingredient. Students may
wish to test what would happen if the battery were dried up or if the battery were left connected.
They could also set up and do these tests during this lesson as well.
e Students share observations about the voltaic pile (battery cell) that stores chemical energy.
e Students begin to make generalizations about what all batteries likely have inside that makes
them work (and hypothesize about what might happen to make it stop working).

NEXT GENERATION SCIENCE STANDARDS (NGSS)

4-PS3-2. Make observations to provide evidence that energy can be transferred from place to place by
sound, light, heat, and electric currents.

4-PS3-4. Apply scientific ideas to design, test, and refine a device that converts energy from one form to
another

Science and Engineering Disciplinary Core Ideas (DCI): Cross-Cutting Concepts (CCC):
Practices (SEP): Cause and Effect — Mechanism and
PS3.A: Definitions of Energy - explanation. Events have causes,
Planning and Carrying Out Energy can be moved from place to | sometimes simple, sometimes
Investigations place by moving objects or through | multifaceted. A major activity of science
Make observations to sound, light, or electric currents. (4- | is investigating and explaining causal
produce data to serve as the PS3-2) relationships and the mechanisms by
basis for evidence for PS3.D: Energy in Chemical which they are mediated. Such
an explanation of a Processes and Everyday Life - The mechanisms can then be tested across
phenomenon [phenomenon expression “produce energy” given contexts and used to predict and
in this lesson: how a battery typically refers to the conversion of | explain events in new contexts.
works] stored energy into a desired form Energy and Matter - Energy can be
for practical use transferred in various ways and between
objects
MATERIALS
Available to students from kit: ReqUIred materials that may not be in kit:
Direction for making a voltaic pile Liquids students want to test
5 zinc washers (elicited on student sheet in lesson
5 copper pennies (pre-1984) 2a) see some ideas in lesson
5 small squares of white paper directions
1 LED holiday light with stripped ends - Metals or other materials students
Small cup of vinegar may wish to test such as other
Science notebook and pencil coins, aluminum foil, plastics, etc.

Paper towels
Disposable gloves

Lesson 2b: Testing Battery Recipes 45 4™ Grade Circuits
© 2015, AmbitiousScienceTeaching.org




PROCEDURE

Prior to the lesson: Gather (or have students bring) materials they
wish to test. If these materials are different than the ones listed
below check with your local science specialist to make sure there
is no science safety concerns with combining the materials.
Possible materials students can use in a new battery:

Liquids: Solids:
lemon juice  distilled water  pennies zinc washers
orange juice  Gatorade nickels aluminum foil
salt water coffee dimes steel washers
tap water milk guarters plastic discs
cardboard

Making-a-battery: Testing Liquids

1. Remind students about the directions card from lesson
2a. Explain that today students can test other materials
and liquids following the same sandwich pattern we did
yesterday. We will start with testing different liquids in
our copper-zinc battery. Focal Question: What liquids
work in a copper-zinc battery?

2. Decide as a class which liquids they want to test (of the
liquids you have ready for them to test). Assign a liquid
to each table group or pair depending on the number of
liquids they wish to test. Students will each test one new
liquid using the same copper-zinc stacks and soaked
paper pattern they used before. Then share out data on a
class data table (copy on student data table). There
should be 2-3 pairs (or more) testing each liquid.

3. Have partners follow the same directions as lesson 2a to
but using the liquid specified at their table group. Use
the LED as an indicator as to whether the liquid works or
not. Prompt pairs to work together in their groups and
help each other if needed.

4. Record findings in their data table for the liquid they
tested. Do a quick share from each table group about
each liquid tested and the result in whether or not the
LED lit up. Complete the data table using data from the
whole class.

5. Clean up materials. Rinse off pennies and washers. Dry
them. Wash hands. Throw away vinegar-soaked papers.
Return rinsed and dried pennies, washers, and LEDs to
materials table.
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SAFETY ALERT!

Only test materials included in the
directions. Testing other items could
result in toxic combinations and pose
a safety hazard.

TEACHER DECISION POINT

Y

This lesson is super structured in how
to organize students in testing liquids
first and then solids. You could also
open it up to having students “go for
it” creating recipes of their choice
(changing both liquids and solids)
following the sandwich pattern. This
would create a “need-to-know” about
variables when they can’t definitively
say whether it’s the liquid or the
metals that work or don’t work. This
may require additional class sessions.

Back-Pocket Questions

- What happens if the paper is
too dry? Why do you think the
liquid is important?

- Why do you think some liquids
will work and others don’t?
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Making-a-battery: Testing Solids

1. Now, students can test other solid materials following the same sandwich pattern we did
yesterday but using a liquid we know works from the tests we did above. Focal Question:
What solids work in battery design with a liquid we know works?

2. Have partners decide what two solids they want to try given the materials you have ready for
them to test and select one liquid we know works.

3. Partners gather the materials they need from the materials table, perform their test, record their
findings on the recording sheet.

4. Partners compare their battery with other partners/groups.

5. Discuss which solids seemed to work, which didn’t, and which we are unsure about.
a. Some uncertainty could happen if more than one pair tried the same materials and got
opposite results — decide what can be done to settle the uncertainty (and do it.)
b. This is a good time to discuss variables. The materials students chose to test are called
‘manipulated variables’ and the results (whether the LED lit up or not) is the
‘responding variable.’

6. Clean up by washing off the solids and drying them. Pouring everyday liquids down the sink
and washing them down with water. (You could clean up prior to the discussion; however,
students may want to show off and compare their batteries to help explain their results which
they won’t have if they clean up prior to the discussion.)

Closing conversation
1. After students find out which materials work to create a functioning battery, have students do
some partner talk and writing about:
a. Why do you think only certain materials work and others do not?
b. What are you wondering about now? What additional information do you want about
batteries?

Science vocabulary note: Students should be using: circuit, battery, acid, metals, liquids, solids

PLANNING NEXT STEPS

e Reflect on students’ ideas, experiences, and questions you heard in class about what students
brought up about what they know about batteries as they were making one. Note questions
you heard them ask and look ahead in the unit guide to see if they will find answers in the
reading provided in lesson 3. You may decide to add in an additional lesson about chemical
energy or batteries to help students answer their questions.

e Reuvisit ideas pertaining to energy and what’s going on inside the battery in the teacher
background at the beginning of this unit guide.

e Use any questions students asked during lesson 2b to add resources or lessons to help students
answer their own questions.
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Name:

Date:

Manipulated variable: Liquid

Question: What liquids work in a copper-zinc battery?

Testing Battery Recipes

1. Use the same procedure from before except change the liquid you use. Test one new liquid.
Combine your data with data from other students.

2. Inthe table below record your observations and observations from other students about which

liquids work in the copper-zinc battery and which do not.

Class Data Table: Which liquids work in a copper-zinc battery?

Solids

Liquid

Works Does not work

Copper pennies + zinc washers

Vinegar

Copper pennies + zinc washers

Copper pennies + zinc washers

Copper pennies + zinc washers

Copper pennies + zinc washers

Copper pennies + zinc washers

3. What liquid with copper and zinc did you use that made a working battery?

List the materials and sketch and label your battery stack in the box.

Lesson 2b: Testing Battery Recipes

Draw and label the pattern of your battery:
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Manipulated variable: solids

Question: Which solids work in a battery using a liquid we know works?

1. Choose a liquid that worked in a copper-zinc battery. Use that liquid in this test.

2. Choose 2 solid materials you want to test using the ‘sandwich’ pattern.

3. Inthe table below record the solid materials you used, the liquid, and whether this combination

worked or did not work.

Class Data Table: Which solids work in a battery using a liquid we know works?

Solids

Liquid

Works Does not work

Copper pennies + zinc washers

Vinegar

X

4. What materials did you use that made a working battery?
List the materials and sketch and label your battery stack in the box.

Lesson 2b: Testing Battery Recipes

Draw and label the pattern of your battery:
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Lesson 3: Learning about Chemical Energy

OBJECTIVES & OVERVIEW
This lesson provides students with information about the chemical
energy that is stored inside the battery that we cannot directly observe.
Many students’ initial models may have shown something inside a
battery and how it might change over time. In this lesson, students will
learn about chemical energy and chemical reactions to explain what
might cause a battery to stop working.
e Students compare descriptions of different batteries using ' . '
information from a reading Tl esen omairs o2 ge redng
e Students learn about chemical reactions (a way to release energy) time as an integration option. The
and chemical energy (a way to store energy) that are critical to demo and video would be the
. . science lesson portion of the day.
understanding how batteries work.

READING INTEGRATION

NEXT GENERATION SCIENCE STANDARDS (NGSS)

4-PS3-2. Make observations to provide evidence that energy can be transferred from place to place by
sound, light, heat, and electric currents.

Science and Engineering Practices Disciplinary Core Ideas (DCI): Cross-Cutting Concepts (CCC):
(SEP):
Obtaining, Fvaluating, and PS3.D: Energy in Chemical Energy and Matter - Energy can be
Communicating Processes and Everyday Life - The | transferred in various ways and
Information- Obtain and combine expression “produce energy” between objects
information from books and other typically refers to the conversion
reliable media to explain of stored energy into a desired
phenomena. form for practical use
MATERIALS
For the class demonstration: Per student:
Baking soda (with spoon) Copy of the 2-page reading
Vinegar (and small cup) Science notebook and pencil

Large clear cups

Paper towels

YouTube video queued up: How Car Batteries Work
http://safeshare.tv/v/ss56527816be5f5

PROCEDURE
Introduce the lesson: Whole Group TEACHER DECISION POINT
1. Begin by reviewing the prior activity (lesson 2a) where students
built batteries using the summary table row. Explain that today Y
students will learn about a variety of batteries to figure out what

they have in common and to better understand how batteries

work. Focal Question: What are some similarities between Based on reading levels of
different kinds of batteries? your students you could

2. Today students will use information from a reading, decide to read the 2-page
demonstration, and a short video to better understand how reading as a whole class, in
batteries work. partners, or do a jigsaw with

different paragraphs.
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Obtain information from a Reading:
1.

Have students engage with the reading to find any What do all batteries have in common?
similarities across the different kinds of batteries - .
described in the reading. -Have positive(+) and negative(-) ends

-Some metals and acids

- Get used up over time

-Can run out

*Some can be recharged

* Dangerous to open them

* Different batteries have different kinds

After students have finished reading their portion (or all)
of the reading, have a whole class discussion about
what they learned about different kinds of batteries.
Finally, ask them to answer today’s focal question: What
are some similarities between all batteries? Think-Pair-

Share. [Possible responses: +positive and —negative; of chemicals inside

some kind of metals; acid or other liquid around the

metal; get used up over time] Create a list. What is chemical energy?

Introduce the term “chemical energy.” Have students

go back through the reading and find where the term -Stored in a battery and released when
“chemical energy” is used. Come up with a class the battery is connected to a circuit
definition. [Possible ideas include: energy stored inside | *Reaction releases chemical energy
chemicals, reaction between chemicals releases energy, *Type of energy

in batteries acid reacts with metals to release energy].

Just-in-Time Content Instruction: Demonstrating a Chemical Reaction with Baking Soda & Vinegar

1.

Gather students so that they can see the demonstration table. Explain to students that they will

see a simple chemical reaction. The reading mentioned that chemical reactions happen inside

the battery. So, what is a chemical reaction? (This is the question for this portion of the lesson.

Students are not expected to know this ahead of time.)

Have paper towels ready. In a large clear cup, mix a spoonful of baking soda and a little

vinegar. Ask students: 2 What do you notice? Repeat with a new clear cup and add more or

less of each chemical. Repeat again if necessary. [Possible student responses about

observations: It's bubbling; it stopped bubbling/reacting eventually; it went really fast; it was

bigger or bubbled more when we had more of each thing]

Tell students that inside batteries there are separators to keep chemicals from mixing (separators

are described in the reading). If chemicals could mix inside the battery (like we just did), then

the chemicals would react too fast and with too much power. By separating the chemicals, the

chemical energy is only released slowly moving through the circuit when the battery is

connected into a circuit and the circuit is turned on. Tell students that chemical energy is stored

in the battery and we use that energy when we turn on a device.

Revisit the term ‘chemical energy’ and add any other phrases or questions students want to add,

particularly related to chemical reactions.

Watch the YouTube video How Car Batteries Work (3 minutes) about car batteries, paying

attention to what it says about chemical reactions http://safeshare.tv/v/ss56527816be5f5

o Video Note: It is not important students know all the technical terms like the names of the

chemicals but get a general conceptual understanding that a car battery has a pattern of metals
and acids and how it is similar to the battery we made. The video also mentions volts. Students
may have noticed in lesson 1 that the D-cells say “1.5 v” on them meaning it has 1.5 volts. The
video explains how a car battery is made of six 2-volt cells for a total of 12v. This may be a nice
math connection that students can revisit in the next lesson when they see the effect of the
number of batteries on the brightness of the bulb]
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Creating a Summary Table of Activity: Whole Class
1. OBSERVATIONS: Reconvene as a whole class and summarize what they just observed in the
baking soda and vinegar reaction.

2. LEARNING: What did we learn about all batteries from the reading? What do we think all
batteries might have inside?

3. CONNECTION: In our flashlight phenomenon, it stopped working. Think-Pair-Share: > What
might have happened inside the battery fto make the battery stop working? Write some ideas in

the summary table under “connection to phenomenon.”

The summary table rows below may be similar to what the summary table row looks like from the class
discussion. Students may have additional questions about batteries as this is just the first lesson in the
series. Have students write Q’s on sticky notes and stick them on the ‘Questions’ chart or on the
summary table. Check in with their questions during subsequent lessons to see if we have answers yet.

about chemical
energy

vinegar is a chemleal
reaction

(t went fast and bubbled
It eventually stopped

separated from aclols

-Chemical energy is stored
in the battery

-Chemical energy is
released when battery is
connected

-Chemlenls veact tn the
battery eventually getting
used up

Nawme of Observations what have we Connection to
Activity Learned so far? Phenomenon
our battery had acid Both our battery and the | The flashlight stops
Making a (Vinegar) and metals lemon clock used aclds working if the batterg
Stmple (zlne, copper) and metals died.
Battery we had to follow a Do all batteries have (t might die because the
f;"‘g;:;": pattern to malke it work actds and metals? actd dried up - Like our
@;;m, (t had to have enough batterg dldnt work L/{ It
) "y acid (Vinegar) to work wasw't wet enough with
acid.
Learming Mixing baking soda and | - batteries have metnls The chemicals in the

flashlight batteries got used
wp faster because it was Left
turned on using up all the
stored chemical energy.

— T

Science vocabulary note: Students should be proficient with the terms battery and possibly circuit.
New vocabulary from this lesson: chemical energy and chemical reaction

PLANNING NEXT STEPS

e Reflect on students’ ideas, experiences, and questions you heard in class as students discussed the
reading and watched the video. Note questions you heard them ask and look ahead in the unit
guide to see if they will find answers in upcoming lessons. You may decide to add in an additional
lesson about chemical energy or batteries to help students answer their questions.

Lesson 3: Learning about Chemical Energy
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e Another short video clip you may decide to use with students is a 1 minute clip from Bill Nye
comparing the chemical energy in a hot dog with the chemical energy in a battery
http://safeshare.tv/v/ss5649933c936d7 Have students watch the clip twice. Think-Pair-Share
about “How are batteries and hot dogs similar?” and “How does what we saw in this clip about
batteries relate to what we read about batteries?”

e Revisit ideas pertaining to energy and what’s going on inside the battery in the teacher background
at the beginning of this unit guide. You may also want to watch the following video (4 min 19 sec)
to help with content: How Batteries Work — Adam Jacobson http://safeshare.tv/v/ss565278875222b
You may decide to show this video to your students as well, particularly if they have questions
about how recharging batteries works.
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Learning More about Batteries:
What do batteries have in common?

Many Sizes and Shapes of Batteries

We use batteries every day. They are
portable, reliable ways to power flashlights,
cell phones, cars, and radios. Batteries are
made in different sizes and shapes. From
tiny hearing aid batteries to large car
batteries, batteries help us have power
wherever we go. When they stop working,
we have to change them or recharge them.
Some batteries can be recharged. These
batteries have different chemicals inside
compared to disposable batteries.

What’s inside a D-Cell? Carbon
There are harmful chemicals inside D-cells. It positive
would be dangerous to cut one open to see (ebml c'je!‘
inside. The diagram at right labels the parts 3 ?
inside a D-cell. Some D-cells have metals like
zinc and manganese and other acidic chemicals.
There is a separator inside the D-cell to keep the
chemicals from touching. If chemicals do touch,
there would be a fast reaction which releases
chemical energy. When a battery is hooked into a
circuit it can release energy slowly. The chemical
energy is changed into electrical energy when the
battery is connected in a circuit.

Electrolyte
paste

Separator

Carbon and

manganese
dioxide mixture

Zinc negative
electrode
{anode)

Terminals

What's inside a car battery?

The car batteries on this page are for gasoline-
powered cars. Batteries used in electric cars have
different chemical inside. This type of 12-volt battery
uses lead metal and sulfuric acid. Sulfuric acid is
very dangerous and can cause burns on your skin. It
is important not to touch corroded car batteries
because when the battery corrodes the acid comes
out of the battery and can hurt you. Car mechanics

: know how to handle these batteries safely. Car

Labt haon N batteries are needed to start the car’s engine, power

(positive plate) Lead Casing

(negative plate) Sulfuric acid (electrolyte the rad IO, and | ight the head I [ghts.

surrounds the plates)

Lesson 3: Learning about Chemical Energy 4™ Grade Circuits
© 2015, AmbitiousScienceTeaching.org



What's inside a watch battery?

Watches use smaller, button-sized batteries. Can you imagine using a D-cell inside a
watch? Your watch would be huge and heavy! So watch batteries have to be small and a
different shape to fit inside a wrist watch. These batteries usually last a long time. The
battery in the diagram uses zinc in the negative area and silver in the positive area, with a
separator in between to prevent the chemical reaction while the battery is not in use.

- Negative electrode (zinc)

' Negative cap Absorber  Gasket

060 9 Q
a ° °o ol® o
° © °0 s f¢ 0%
o°°°°° < oo o
n 9 0 .9 o°

Separator
Positive electrode (silver oxide)
Positive can

What's inside a cell phone battery?
Cell phone batteries are rechargeable. When the battery is dead, we plug the cell phone
into a wall socket to charge the battery. Most rechargeable cell phone batteries have

lithium inside. Lithium is paired with other metals such as manganese, iron, or nickel to
make different cell phone batteries.

NEGATIVE ELECTRODE TAB

e SEPARATOR

-~ ANODE NEGATIVE ELECTRODE
( \ . . .
: d What do all batteries in this

SEPARATOR reading have in common?

---------- CATHODE POSITIVE ELECTRODE How are these batteries
mancaNEsE IRON siver corper) | similar to the battery we made

with copper pennies and zinc
washers?
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Lesson 4: How batteries affect brightness

OBJECTIVES & OVERVIEW

In this lesson, students observe the effects of multiple batteries on the brightness of a bulb. This

observation allows students to begin to understand how voltage with multiple batteries works and how

this knowledge could apply to a flashlight design.

e Students observe effects of multiple batteries on the brightness of a bulb using a paper brightness
meter and how it is related to the number of total volts from the combined batteries.

NEXT GENERATION SCIENCE STANDARDS (NGSS)

4-PS3-2. Make observations to provide evidence that energy can be transferred from place to place by
sound, light, heat, and electric currents.

Carrying Out Investigations - Disciplinary Core Ideas (DCI): Cross-Cutting Concepts (CCC):
Make observations to produce S ——
R e SErva e v [ees B PS3.D: Energy in Ci emica Energy and.Mal‘te.'r- Energy can be
. . Processes and Everyday Life - The | transferred in various ways and
evidence for an explanation of a T, Y .
expression “produce energy between objects

ph.eno'n]enon. . typically refers to the conversion
Scientific Knowledge is Based on | of stored energy into a desired

Empirical Evidence - Science form for practical use
findings are based on recognizing
patterns. (4- PS4-1)

MATERIALS
For each group of 4 students: Per student:
- 5 D-cell batteries Science notebook and pencil

- 2 small light bulbs (only use 1 in the circuit)
- 2 brightness meters (folded paper)

- Several (5-7) pieces of wire

- Masking tape (optional but helpful)

PROCEDURE

Prior to the lesson: How-to Make Paper Light Meters
How to make paper light meters (makes 4 at a time)
1.) Overlap 5 sheets of copy paper about % in.

2.) Fold over the papers to make 10 strips.

3.) Staple near fold in 4 places evenly to bind strips.
4.) Use a paper cutter to cut into 4 strips.

5.) Number each layer (1 = 1 layer of paper, etc.) HERERREEEE
How to use the light meter: Hold meter in front of a e : —
light source. This provides a numerical rating such 2. Fold. & 3. Staple. | | I I I I | I I | I

1. Overlap 5 sheets of paper.

4. Cutinto 4 strips & 5. Number

1
that the next level completely blocks the light (i.e. if | |
there is light shining barely through 5 but no light at I d
6, then the rating is a “5”). Measuring the intensity 'I TTT T Il
|
|

of light is helpful when comparing brightness of |
bulbs in circuits as students increase the number of
D-cells.
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Introduce the lesson: Whole Group

1.

Orient students to the purpose of today’s lesson:

a.

In lesson 1, students may have noticed that the
bulb was brighter if they used 2 batteries — if so,
draw upon this experience; If not, move on.

Present the focal question to students. Give them
time to think-pair-share about what they think will
happen if they add or remove batteries from a
simple light bulb circuit.

Focal Question: How does the number of
batteries affect the brightness of a bulb in a
simple circuit?

Have some students share out what they talked
about with their partner. Use follow-up talk
moves to get students to start thinking not only
about what they think will happen, but also why
they think adding or removing batteries would
make that happen.

Remind students about what they began to learn
about chemical energy in lesson 3 and as they
work today ask them to think about how they can
use the ideas about chemical energy to explain
our results.

Collect Data from the Investigation:

1.

Remind students how to make a simple circuit referring
to the chart from lesson 1.

Give brief directions about how to use the light meter to
collect data on the data table student handout.

a.

Hold the meter in front of a light source. This
provides a numerical rating such that the next level
completely blocks the light (i.e. if there is light
shining barely through 5 but no light at 6, then the
rating is a “5”).

Have students practice measuring brightness of
ceiling lights and having pairs check each other to
make sure readings are somewhat accurate (if
students can’t decide between levels, you can have
them write a range like “5-6” or have a rule to round
down and a 5-6 would be a “5”.)

Lesson 4: Batteries & Bulb Brightness
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Display chart created in lesson 3
which may look similar to this one:

What is chemical energy?

- Stored in a battery and released
when the battery is connected to a
circuit

- Reaction releases chemical energy

- Type of energy

Display chart from lesson 1 to remind
students how to hook up bulb, wire,
and battery in a simple circuit.

Vow does o “MHNIH wor k.2

H Ways +» lqm the bl
‘/\mw\m-l‘o \ Fe /\hah(bulh

&

Question
How does the number of batteries affect the
brightness of the bulb? ¥

Data Table:

‘Number of noes
D-Cells E

Jeof 1-10where 15 o
and 10 means suger bright

1

3

4

6

Conclusion:
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Give safety reminder (see right). (Teacher note: Material
tubs should have no more than 5 D-cells per group.
This is because the small lightbulbs may fail beyond 6
batteries. This is an important finding for students;
however, it is expensive as it ruins the bulbs. So if
students want to test over 5 batteries do it as a
classroom demonstration so as to limit destroying
materials. Remember: Please do not to place faulty or
blown bulbs back in the bag with working ones.)

SAFETY ALERT!

If materials begin to feel hot or warm,

put down the materials and

disconnect the pieces.
This happens when students make a short

circuit by connecting the wire to both ends of

the battery with no bulb connected.

Pass out material tubs to table groups and have students
follow the directions sheet and begin building circuits and
using the light meter to collect data. Turn classroom lights
off to more easily read the brightness meters without light
interference from ceiling lights.

As you circulate, remind students they can use masking
tape to hold multiple D-cells in a row. Students may also
need to twist wire pieces together if they need a longer
wire if there are no long wires in the kit.

Once students are underway with conducting tests and
recording data, use the back-pocket question suggestions
(at right) to get students thinking about the patterns they
are observing.

Give time for students to write a short conclusion using
data from their table to answer the focal question.

If students want results beyond 5 batteries, conduct this as
a whole group demonstration. The bulb may fail between
6-9 batteries depending on if batteries are fully charged.

Demonstration (Optional) — Whole Group
If students want to test more than 5 D-cells, do so now as a whole group demonstration. Small
lightbulbs may fail beyond 5 batteries. This is an important finding for students; however, it is
expensive as it ruins the bulbs. If students want to test over 6 batteries do it as a classroom
demonstration so as to limit destroying materials. Remember: Please do not to place faulty or blown
bulbs back in the bag with working ones

1.
2.

Gather students so that they can see the demonstration table.

Back Pocket Questions

. What did you notice as you added

more batteries?

. What do you think might be

causing that to happen?

. What have you found out so far

about how the batteries affect the
brightness of the bulb?

. What if we used more than 6

batteries? Do you think there
might be a limit? Why or why not?

. Remember the car battery video

yesterday about volts? How many
volts are in each circuit as we add
more batteries? (Have students
examine outside of battery to see
1.5 volts per D-cell).

Build a simple circuit and use masking tape to hold together multiple batteries in a long stick
shape (you can also use battery holders that are provided in the kit, but these seem harder to use
and manipulate than masking tape.) Try 5 D-cells and measure using light meter. Then go on to
6, 7, and perhaps 8 D-cells to see how brightness is affected. Add D-cells in this demonstration
until the one demonstration bulb fails. (Please do not put the failed bulb back in the bulb bag.)
Think-Pair-Share & What happened to the bulb’s brightness as we added more batteries?
Think-Pair-Share & We notice that with __ batteries, the bulb stopped working (or went out).

Why do you think that happened?

Lesson 4: Batteries & Bulb Brightness
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Just-in-Time Content Instruction: Volts

1. Introduce the
term volts and Voltage is a kind of electrical force that makes electrical current (or
voltage with electricity) move through a wire. We measure voltage in volts. The bigger
simple definitions the voltage, the more current will flow. So a 12-volt car battery will have
provided at right. | More electrical force pushing the current than a 1.5-volt flashlight battery.

2. Rewatch the YouTube video How Car Batteries Work (3 minutes) about car batteries, paying
attention to what it says about volts and voltage. Students watched this video in lesson 3;
however, we are watching it again to apply what we know about chemical energy and volts to
explain the brightness of the bulb. http://safeshare.tv/v/ss56527816be5f5

3. Pose the following task and give students some time on their own or with a partner to come up
with a response. Remind students that just like in the car battery, volts can be added up across
multiple cells (in this case, multiple D-cells).

How many volts did each D-cell have? As we added D-cells how did that affect voltage?

4. Process new information: Give students time to complete the back of the handout by creating a model to
explain what they think is going on that we can’t see that explains the difference in brightness using what
they know so far about chemical energy, volts, voltage. [Possible student ideas: Students may be thinking
about how volts and chemical energy are related or how volts help “push energy” and the more volts
result in “a bigger push.” How the battery has volts in it to give a push — perhaps hypothesizing about
how a dying battery can’t push as much as it used to, kind of like our vinegar + baking soda chemical
reaction where the bubbles aren’t as bubbly as they were at the beginning.]

Creating a Summary Table of Activity: Whole Class
(See sample entry on next page)

1. OBSERVATIONS: Reconvene as a whole class and summarize what they observed (refer
students to their data tables to remind them what they observed.)

2. LEARNING: What did we learn about volts and voltage from the video and from the definition
of voltage provided (see above box)

3. CONNECTION: In our flashlight phenomenon, it stopped working. Think-Pair-Share: > What
might have happened with the batteries to make the bulb stop working? Or what would we
need to have to make a brighter flashlight? Write some ideas in the summary table under
“connection to phenomenon.

Science vocabulary note: Students should be proficient with the terms battery and possibly circuit.
Chemical energy and chemical reaction are still relatively new. Today’s new vocabulary from this
lesson: volts and voltage

PLANNING NEXT STEPS

e Reflect on student models the backside of student handout. Note questions you heard asked and
look ahead in the unit guide to see if they will find answers in upcoming lessons. You may decide
to add in an additional lesson about chemical energy, volts, or voltage to help answer their
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questions.
SUMMARY TAB

LE

The summary table rows below may be similar to what the summary table row looks like from the class discussion. Students may have
additional questions about batteries as this is just the first lesson in the series. Have students write Q’s on sticky notes and stick them on the
‘Questions’ chart or on the summary table. Check in with their questions during subsequent lessons to see if we have answers yet.

Nawe of Observations what have we Connection to
Activity Learned so far? Phenomenon
- Our battery haol aciol Both our battery and the | The flashlight stops
Making a (Vinegar) and metals lemon clock used acids | working if the battery
SLWLPL@ (zine, ao]ypey) and metals died.
Battery - we had to follow a Do all batteries have (t mlght die because the
2 gﬁ;f;": pattern to make it work, actds and metals? actd dried up - Like our
@;@l_ it had to have (’,VLDM@M battemd dldnt work L‘f It
. g wasn't wet enough with

acid (Vinegar) to work

acld.

Reading about
Batteries

- Mixing baking soda and
vinegar is a chemlceal
reaction

- It went fast and bubbled

- It eventually stopped

- batteries have metals
separated from aclols

-Chemical energy is stored
i the battery

-Chemical energy is
released when batt@rg ls
connected

-Chemicals veact tn the
battery eventually getting
used up

The chemlenals bn the
flashlight batteries got used
wp faster because it was Left
turned on using up all the
stored chemical energy.

How batteries

affect

brightness

e |
%

};

1 battery - brightness 2-3
2 batteries - brightness &

3 batteries - brightness 7-2
4 batteries - brightness 10

we found that € batteries
was too powerful for the
bulb and broke it @

~_

As the number of batteries
lnereases, the brightness of
the bulb increnses.

The power of batteries is
called volts. Each batterg
has 1.5 volts (written on
the side) and they add
together to get a total
voltage. (Like bn the car
battery video where & x 2 v
cell =12 V)

To have a bright flashlight
You could have more than
one battery. This also
might make it Last Longer
because Lt can still work it
would just be olim.

Too many batteries would
make the flashlight too
heavy to use ensily and
could break the bulb.

e o s R
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Lab Directions

Question:
How does the number of batteries affect the brightness of the bulb?

Materials: Procedure:
- D-cell batteries 1. Make a simple flashlight circuit using 1 D-cell,
- Small light bulb 1 wire, and 1 bulb.
- Wires 2. Use the brightness meter to measure how
- Masking tape bright the bulb is glowing. Record on the data
- Light meter (folded table.

paper strips) 3. Repeat steps 1 and 2 adding more D-cells into

the circuit (as shown below).

SAFETY ALERTS!

A If circuit feels hot, disconnect the pieces and let them cool off.
Do NOT use more than 5 batteries in your test.

These drawings show how to connect multiple
batteries in your flashlight circuit.
(”) Use masking tape to easily hold batteries
o together. Only use 1 light bulb.
Test up to 6 batteries in your circuit. Do NOT
try more than 6 batteries.
Lesson 4: Batteries & Bulb Brightness 4™ Grade Circuits
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Name:

Date:

Question:

How does the number of batteries affect the
brightness of the bulb?

Data Table:
Number of | Brightness Reading Other observations or notes
D-Cells (Scale of 1-10 where Tis dim
and 10 means super bright)
1
2
3
4
5
Conclusion:
Lesson 4: Batteries & Bulb Brightness 65 4™ Grade Circuits
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Explain the Findings: On the two models below, add the bulb and wire. Then, draw and
write about what you think is going on inside the batteries, wires, and bulbs that we can’t see to
explain the difference in brightness. Use what you know so far about chemical energy, light
energy, voltage, and volts.

1 D-cell 4 D-cells

Use words to explain: What do you think causes the difference in brightness of the bulbs
comparing circuits with 1 D-cell and 4 D-cells?

4™ Grade Circuits
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Lesson 5: Revising ideas with evidence

OBJECTIVES & OVERVIEW

Note: This lesson can completed after lesson 6 instead of before.

In this lesson, students will use the summary table as well as data sheets from investigations to apply
what they have learned and observed so far to revising their original ideas.

e Students use evidence to support new or revised claims about how circuits work or stop working.
e Students identify what made their thinking change (metacognition).

NEXT GENERATION SCIENCE STANDARDS (NGSS)

4-PS3-2. Make observations to provide evidence that energy can be transferred from place to place by sound,
light, heat, and electric currents.

4-PS3-4. Apply scientific ideas to design, test, and refine a device that converts energy from one form to
another.

Science and Disciplinary Core Ideas (DCI): Cross-Cutting
Engineering Practices | PS3.B: Conservation of Energy and Energy Transfer Concepts (CCC):
(SEP) - Energy is present whenever there are moving objects, Energy and Matter -
Constructing sound, light, or heat. Light also transfers energy from Eneriy Ca(;‘ be
Explanations — Use place to place. (4-PS3-2) ;r/ins errz bm various
. ys and between
evidence (e.g., - Energy can bg transferred from place to place by electric clojeas
measurements, currents, which can then be used locally to produce
observations, patterns) motion, sound, heat, or light. The currents may have
that specify variables been produced to begin with by transforming the energy
to construct an of motion into electrical energy. (4-PS3-2),(4- PS3-4)
explanation of a PS3.D: fnergy in Chemical Procgsses and Everyday Life - The
phenomenon. expression ”prod.uce energy” typically refers 'to the conversion
of stored energy into a desired form for practical use

MATERIALS
Per student (or pair of students): On wall:

- Pencils (colors available) - Summary table

- Summary table - any charts from lessons

- Blank and/or original model sheet

- Sticky notes
PROCEDURE
Prior to the lesson: TEACHER DECISION POINT
Make decisions about the two decision points explained here.

1) Should students complete models today as individuals, in pairs, Y

or in small groups?

a. If done in pairs, students have to talk about their ideas before —— '
drawing or writing them. But it doesn’t create an assessment 1. Modelling: individual, in

artifact for individual understanding. pairs, or groups?
b. Individual revisions allows the teacher to compare the 2. Mode! template‘: blzi'nk one
original individual model and see individual student progress, or revise on their originals?

which has benefits for grading and assessment, but this
typically results in less student talk.

Lesson 5: Revising ideas using evidence 67 4™ Grade Circuits
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2) Should students fill in a blank model template and then compare with the original? Or use a
colored pen/pencil and draw/write directly on the original model? Or use post-it notes?

a. Blank model scaffold then compare to original:

b.

C.

i. The benefit to this is that students can start fresh and the teacher can see where
the student is currently at without being reminded of prior ideas. It is also less

messy than writing on the original.

ii. After students fill in the blank one, they can compare it to the original to
recognize points where their thinking has changed and places where it hasn't.

Revise directly on original:

i. The benefit is that students start by reviewing their original ideas (rather than
from a blank page). This can also be a drawback as it may remind some students

of alternative ideas.

ii. It gets messy using a colored pen/pencil to write on top. Sticky notes could be
used instead of writing directly on the model using one color of things to
add/change and another color (later in the lesson) to connect evidence with

claims.

Color coded sticky notes stuck to original model. Students add (purple), remove
(red/pink), change(yellow) an idea, or add a question (green) onto their original model

using sticky notes to address their initial ideas.

The lesson below proposes individual modelling on a blank template; however, change the plan to fit
whatever decisions you made for the points above.

Introduce the lesson: Whole Group

1. Orient students to the purpose of today’s lesson:
So far in this unit students have been learning about the battery, its role in a circuit, and
what’s going on inside the battery that they can’t see. Point at wall charts to remind
students they can use them to remember what they have done and learned so far.
Explain that today we are going to take what we’ve learned so far to see how our
thinking has changed since the beginning of the unit.
Focal Questions: How has our thinking changed? What
evidence do we have to support our new or revised ideas?

a.

b.

2. Direct students attention to the individual ideas

chart created in lesson 1 (at right). Write-pair-share:
a.

C.

Have students read over the original ideas.
Choose one that they think they know more
about now based on things they’ve done or
learned in class.

Students write in their science notebook or
on a sheet of paper about how they would
add to or change one of these initial ideas.
After a few silent minutes for writing, have
students pair-share their responses.

3. Tell students that they will have a chance to put
down their current thinking about the flashlight
phenomenon on a blank model scaffold sheet.
After drawing and writing about their current ideas,
they will use sticky notes to connect claims with
evidence from our summary table.

Lesson 5: Revising ideas using evidence 68

Why would a flashlight stop working?
Our initial ideas

The switch was left on so the battery
drained and there isn’t enough left to turn
on (it flickers or get lower and lower light)

The battery ran out of energy, got low on
juice, used up its “energy ball”, lost its fuel
(like a car)

bulb broke because it overheated

bulb broke because | could have slammed
the drawer too hard

something got disconnected because |
slammed the drawer shut too hard

there are electric cells in the wire that move
the energy around and maybe they ran out
through the light bulb

4™ Grade Circuits
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4. Provide directions to students about model revisions

that are congruent with decisions made prior to the
lesson at the “Teacher Decision Point”

Students develop their own models: Individual Work

1.

Each student gets a blank model scaffold and begins
to write and draw about how and why they think a
flashlight works and what might happen that we
can’t see that would make it stop working — paying
particular attention to the role of the battery (since
that has been the majority of instruction so far.)

As you circulate, look at student drawing and
writing and ask for clarification if something isn’t
labeled or explained. (You will be looking over
their models after class, so it’s best to ask now so
you can hear their ideas and hopefully get them to
add them to their model.)

a. If students are having difficulty drawing the
parts refer them to the charts from prior
activities, the summary table, and their
science notebooks.

b. If students are drawing and writing about
their ideas about the unobservable parts of
what could be going on, try some of the
back-pocket question suggestions at right.

As students work, look for different ways students
represent what's inside the battery, wire, and light
bulb. Prepare students to share out these ideas in
the next part of the lesson to generate a list of
hypotheses about what is going on that we can’t see
that could cause the flashlight to stop working.
During this time students can talk to each other and
the teacher about their thinking, but each individual
student records their individual thinking on their
own paper.

Select parts of models to share publicly (whole group):
Prior to this step, as you circulate while students work on the model revisions, look for different ways
students are representing what they think is inside the battery AND if/how they are connecting what
they draw with evidence from class. (It is unlikely that most students will be explicitly attending to
evidence from activities or data points yet, but if a few are, it is worth highlighting evidence since that
is what students will do in the next part of the lesson.) Let those 2-4 students know you’d like them to
share and which part of the model to share (not the whole thing).

Whole group: Have students give their attention to the students presenting their piece of the

models so they are listening to ask questions or offer comparisons to their work.

Start with examples of a few models showing what’s inside the battery and then moving into any

1.

Back Pocket Questions
Prompts if nothing is on the drawing:

- What might be going on inside the
battery that we can’t see to make it
work? or stop working?

- What have we learned about batteries
that could apply to our flashlight?

Examples of responding to student ideas:

- lseeyoudrew inside the battery.
What have we done in class that makes
you think that is what might be inside
the battery?

- You said the battery makes the bulb
light up. How does it do that?

Prompts to connect to activities:

- What activities did we do to learn
about batteries? How can you add that
information to your model?

- How can you incorporate what we
learned from insert activity name here
from the summary table into your
model?

Give time to students to engage with some back-and-forth with presenting student and peers

2.
that connect claims with evidence.
3.
following classroom norms for discourse.
Lesson 5: Revising ideas using evidence 69
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Connecting ideas with evidence:

1. Direct students to examine their models and examine one idea they have put down and show
them how to connect it with evidence on a sticky note.
a. For example, there is a chemical reaction inside the battery. If that’s my claim, what
evidence do | have that there is a chemical reaction happening inside the battery?
b. Have students help you work through this claim with evidence from the summary table.
Likely responses include “We did a reading and watched a video about it. The vinegar
+ baking soda showed us that reactions eventually run out kind of like how batteries run
out.”
c. Write evidence (including specific data if available) on a sticky note and stick it next to
the idea on the model.
2. Have students identify at least 2 claims and write at least 2 sticky notes connecting evidence
from an activity from the summary table to the claims they made.

Lesson Closing: How has my thinking changed?

1. Pass back original model scaffolds. Have students look at both and identify at least 1 place
where their thinking has changed.
2. On the back of their new model sheet, students write about how their thinking has changed and
what activities helped their thinking change. Use the sentence starters below:
[/ used to think that...
Now [ think...
My thinking changed because...
3. Gather original and new models to analyze after class using the what-how-why tracker or RSST.

PLANNING NEXT STEPS

e Reflect on student models. Fill out an RSST (see lesson 1 for master copy of RSST template). What
understandings do most students currently have about chemical energy, batteries, chemical
reactions, etc. What gaps still exist in students understanding of chemical energy and how batteries
work?

e Save the set of students’ individual midpoint models as a formative assessment. Compare ideas in
the models and compare it to the What-How-Why levels of explanation. Are students only labeling
and saying what happens? Or are they also attempting to explain how or why something happens
using causal statements and information from activities? If not, what changes can be made to better
support students in doing this?

Lesson 5: Revising ideas using evidence 70 4™ Grade Circuits
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Lesson 6: Conductors and Insulators

OBJECTIVES & OVERVIEW

In this lesson, students observe that some materials conduct electric

current while others do not.

e Students observe and record data about materials that are conductors
or insulators using a circuit tester.

e Students learn about the role of electrons in electric current.

Teacher Note: Not all students will fully understand the ideas presented about electrons
in this lesson. This explanation is beyond grade-level expectations; however, it is a good
introduction for when students learn more about particles and charges in upper grades.
It is included in this lesson because (1) students likely have questions about the + and —
on the battery label, this is related to understanding the charges of electrons and how
electrons behave, and (2) electrons explain why certain materials conduct electricity and

others do not.

NEXT GENERATION SCIENCE STANDARDS (NGSS)

CONNECTION TO KIT

QO

See Lesson 7:
Conductors and
Insulators Pgs 39-43

4-PS3-2. Make observations to provide evidence that energy can be transferred from place to place by
sound, light, heat, and electric currents.

Carrying Out Investigations
- Make observations to
produce data to serve as
the basis for evidence for
an explanation of a
phenomenon.

Scientific Knowledge is
Based on Empirical
Evidence - Science findings
are based on recognizing
patterns. (4- PS4-1)

Disciplinary Core Ideas (DCI):

PS3.B: Conservation of Energy and Energy Transfer
- Energy can be transferred from place to place by
electric currents, which can then be used locally to
produce motion, sound, heat, or light. The
currents may have been produced to begin with
by transforming the energy of motion into
electrical energy. (4-PS3-2),(4- PS3-4)

PS3.D: Energy in Chemical Processes and Everyday
Life - The expression “produce energy” typically
refers to the conversion of stored energy into a
desired form for practical use

Cross-Cutting Concepts
(CCO):

Energy and Matter -
Energy can be transferred
in various ways and
between objects

MATERIALS

For each pair of students:

- 2 circuit testers* (see pg 39)

- 1 bag of assorted materials
* You can have students construct these as part of lesson. If so, allow for extra time. Students can test
materials in the simple circuit set-up (without holders)

Per student:

Science notebook and pencil
Lab sheet handout (optional)

Videos:

Bill Nye clip (2 min) http://safeshare.tv/w/ss564023c9e24bd

Electricity 101 — Conductors and insulators (9m 37s) http://safeshare.tv/v/ss56528725bfe6a

Demo:
Act like an electron cards

Lesson 6: Conductors & Insulators
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PROCEDURE
Prior to lesson:
- Identify any student models or ideas related to wires, particularly ideas about why/how current

flows (see examples below — Left: The zigzags represent energy that can go through wires to get to
the light bulb; Right: ‘electricity cells going through the wire’ is similar to an electrons idea
presented in the just-in-time instruction portion of this lesson).
- Look for any questions students have noted on the summary table to original models that pertain
to materials that allow current to pass or not.
you think is happening /nside the D-Cell, the wire, and the light bu

sentences be re s|

N

\ | VA A ~ -
- ,7. X \ . 2 L. § 1

D-Cell

Introduce the lesson: Whole Group

1. Orient students to the purpose of today’s lesson:

a. Introduce this lesson by featuring 2-3 student ideas about what’s going on inside the
wires that we can’t see that lets electricity pass through it or ideas about how electricity
flows in a circuit.

b. Explain that today we will be testing several materials to see if they let current pass
through them — these are called conductors. And seeing which materials don’t work in
our circuit — these are called insulators.

c. Focus Question: Why are some materials conductors for electric current but others are
not?

Collect Data from the Investigation: -

1. Remind students how to make a simple circuit referring to
the chart from lesson 1 (or use the circuit tester set up
shown on page 39 and 41). If using a simple circuit, place
items in the bag between the bulb and a battery or
between the wire and battery to see if it completes the
circuit. Circuit testers (p 39) may be easier for students to
manipulate but also take time to assemble.

2. Give brief directions about how to test items and record
data. Remind students about the safety alert
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3. Pass out material tubs to table groups and have SAFETY ALERT!
students begin building circuits, testing materials,
and collecting data

4. Once students are underway with conducting tests
and recording data, use the back-pocket question
suggestions (at right) to get students thinking about If materials begin to feel hot or warm, put
the patterns they are observing. down the materials and disconnect pieces.

5. Give time for students to write a short
conclusion using data from their table to Back Pocket Questions
answer the focal question.

6. Once most groups are finished collecting
data, as a whole class, fill out the
“Observation” box on the summary table
including specific data from the investigation. | ,
Retest any materials that got mixed results.

1. What do you notice about the kinds of
materials that work and let current pass
through (conductors)?

. Have any results surprised you so far?
3. What other materials would you want to

test? Based on the pattern in your data, what
would you predict?

Just-in-Time Content Instruction: Electrons

1. Introduce the

term electrons Everything is made of tiny particles. All matter is made of tiny
with simple particles called atoms. Atoms are made of even smaller bits,
definition one of which is an electron. Atoms have different numbers of
provided at right. electrons. Electrons are what allows electricity to flow through

some materials but not others. Electrons are tiny particles
inside matter with a negative charge. This is kind of like
magnets where negative charges are attracted to positive
charges and negative charges repel other negative charges

The terms atom
and electrons will
be in the video(s)
students watch
next.

2. Learn from video: Watch the short clip from the Bill Nye video found here
http://safeshare.tv/w/ss564023c9e24bd (It is queued up to 1:15 and will end at 3:32 — this
portion is all you need to show). Have students use the back of their lab sheet to take notes.
Replay as needed. OPTIONAL: If you'd like to show another video YouTube video “Electricity 101
— Conductors and Insulators” (9 min 37 sec) http://safeshare.tv/v/ss56528725bfe6a and have
students use the notes sheet (on the back of the lab sheet if using the handout). If not using a
handout, have students listen for and take notes about what the video says about electrons. (The
video uses other terms, too, but just focus on electrons.)

3. Act like an electron: Part 1 (whole class)
a. Have students stand in a circle, shoulder to shoulder in a circle. They are electrons in
the copper atoms in a wire.
b. Select 1 student to be a D-cell and one student to be a light bulb. Students near the
bulb and D-cell will touch the card with their finger at the critical contact point to
complete the circuit.
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c. Tell students that when the circuit is connected they will bump in one direction,
leaving out of the — end of the battery and moving in a circle around to the + end.
Try it. Notice that the electrons in the copper atoms in the wire are not moving very
far (maybe 2 step) kind of like if they hopped to the next atom in the wire (like the
video showed).

d. Now add in a person acting as a plastic spoon into the circuit. Will the current flow?
No, because plastic is an insulator.

e. “Test” a few other items in the human circuit. Which ones let the electrons bump?
Which ones don’t? (Use the data table from the investigation).

4. Act like an electron: Part 2 (small group demonstration)

a. With students gathered on the carpet so they can see, have a group of 6 students
volunteer and stand at the front of the room.

b. Assign 3 students to be a “copper atom”. Atoms of copper have 1 free electron. So
each ‘copper atom’ student has 1 free electron standing near it moving around it in
circles. As soon as the copper is in a circuit, then the electrons can move in one
direction, hopping and figure-eight moving from one atom to the next (have students
show this by atoms staying still and electrons moving from one atom to the next).

c. Now try this with a new set of 6 students. 3 students will be particles (molecules) of
glass. Glass is an insulator and holds on tightly to its electrons (they are busy holding
together other atoms in the molecule) and can’t move away. The students who are
particles of glass link elbows with their electrons. When the glass is put into a circuit,
no current will flow because the electrons can’t really move or hop from one to the
next (like what happened in the copper).

5. Give students time to complete the back of the data sheet.

Creating a Summary Table of Activity: Whole Class
(See sample entry on next page)

1. OBSERVATIONS: Reconvene as a whole class and summarize what they observed from
their insulators and conductors test, if you have not already done so (refer students to their
data tables to remind them what they observed.)

2. LEARNING: What did we learn about electrons? What do we know about electrons in
conductors compared to electrons in insulator materials? How does this explain why
conductors move electric current and why insulators do not?

3. CONNECTION: In our flashlight phenomenon, Think-Pair-Share: > How does what we
know about electrons explain how a flashlight circuif works? Write some ideas in the
summary table under “connection to phenomenon.

Science vocabulary note: Students should be proficient with the terms battery, circuit, chemical
energy, and chemical reaction. Volts and voltage are relatively new by students are familiar with
them. New vocabulary terms for today are electrons, conductors, and insulators.

PLANNING NEXT STEPS

e By the end of the unit, students are expected to identify examples of electrical conductors and
insulators and know that conductors help transfer or transform energy in an electric circuit.
Students in 4" grade do not need to fully understand the electron story. The just-in-time instruction
in this lesson is all students at this level need to know but it is beyond grade level understanding.
Knowing about electrons, however, helps students think about and represent the unobservable
mechanisms of what’s going on inside the battery, wire, and bulb in the circuit.
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SUMMARY TABLE

The summary table rows below may be similar to what the summary table row looks like from the class discussion. Students may have
additional questions about batteries as this is just the first lesson in the series. Have students write Q’s on sticky notes and stick them on the
‘Questions’ chart or on the summary table. Check in with their questions during subsequent lessons to see if we have answers yet.

Nawe of Observations what have we Connection to
Activity Learned so far? Phenomenon
- Our battery had actd Both our battery and the | The flashlight stops
Making a (Vinegar) and metals lemon clock used acids | working if the battery
Simple (zine, copper) and metals died. 1t might die because
Battery - we had to follow a Do all batteries have the acld dried up - Like
‘ ﬁ;:;": pattern to malke it work, acios ano metals? /ovw battery didn't womi of
%‘;}@ - 1t had to have enough ;tcz;aswt wet enough with

actd (Vinegar) to work

Reading about
Batteries

- Mixing baking soda and

vinegar is a chemdical
reaction

- It went fast anol bubbled
- It eventually stopped

- batteries have metals
separated from acios

-Chemical energy is stored
i the battery

-Chemical energy is
releaseo when bat‘ce\% ls
conmected

-Chemicals veact tn the
battery eventually getting
used up

The chemlenals bn the
flashlight batteries got used
wp faster because it was Left
turned on using up all the
stored chemical energy.

How batteries

affect

brightness

.

1 battery - brightness 2-3
2 batteries - brightness &

3 batteries - brightness #-€
4 batteries - brightness 10

we found that € batteries
was too powerful for the
bulb and broke it @

As the number of batteries
bnereases, the brightness of
the bulb lnereases.

The power of batteries is
called volts. Each batterg
hos 1.5 volts (writtem on
the side) and they add
together to get a total
voltage. (Like bn the car
battery video where & x 2 v
cell =12 V)

To have a bright flashlight
you could have wore than
one battery. This also
might make it Last longer
because Lt can still work it
would just be oim.

Too many batteries would
make the flashlight too
heavy to use easily and
could break the bulb.

Conductors
and (nsulators

- Metals such as cotns,
paperclips, and foll malke
the clreuit work (Light
turns on)

- Plastic and glass oo not
make the clreult work
(Light bulb does not turn
on)

- All watter is wanole of
particles like atoms.

- Conductors allow electric
curvent to pass

- Conductors have free
electrons that can bump
and transfer energy.

- Insulators blocke or stop
electric curvent because they
hold on tightly) to thelr
electrons.

A flashlight case can be
wmade of metal or plastic. if
maole of metal it is
buportant not to have it
touch exposed parts of the
flashlight clreuit or it
might short clreuit. Plastic
makes a better case becouse
it's light-welght, cheap and
a non-conductor.

\/w\_//
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Examples of student work applying knowledge of electrons:

\
- \
- a ‘
he electeans

Explain why conductors ,-‘.‘-‘ A0S
P y Mave th

o=

work:

“The electrons move
through the wire by
bumping other electrons
and atoms quickly they get
to the top of the wire and
then move out but theirs
allways the same amonte
of electrons in the wire”

Explaining how electrons
behave in a conductor if the
battery is dead:

“He means they have nothing to
make them move in the first
place — no electric current —
electrons slow down because
they’re tired — stop bumping”
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Name: Date:
Question:
Which materials allow electric current to flow in a circuit?
Data Table:
Material Prediction Result of test
(Yes/No) (Yes/No)
golf tee
soda straw
brass screw
paper clip
aluminum screen
piece of chalk
wooden pencil stub
brass paper fastener
wire nail
aluminum nail
marble
pipe cleaner
bare aluminum wire
Conclusion:
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Explain the Findings: Draw the differences between a conductor and insulator in a light
bulb circuit. Then, draw and write about what you think is going on inside the conductors and
insulators that we can’t see to explain how conductors and insulators work. Use what you know
so far about conductors, insulators, and electrons.

Drawing of my ideas about conductors and insulators:

Use words to explain: Why are some materials conductors of electric current and others not?
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Act Like an Electron Cards: Part 1 — Copy page and cut/fold as directed. Light bulb, cut and fold so that
the student who is the light bulb can flip the card to indicate if the bulb is on or off. For the D-cell, cut
out the card and have students in the wire (the copper electrons) touch the critical contact points when
connected in the elbow-to-elbow or shoulder-to-shoulder circuit. Electron cards — copy and cut so all
other students have an electron card.

(1

%

Off On

BATTERY
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Lesson 7: What's inside a light bulb?

OBJECTIVES & OVERVIEW

In this lesson, students learn about light and heat energy. This lesson

furthers student understanding about the relationship between voltage

and brightness (from lesson 4), the purpose of insulators (from lesson
6) and also adds on information about energy transformations.

e Students observe and record data about the relationship between

voltage and bulb brightness using a household bulb.

e Students hypothesize about the role of the glass bead (in small
bulb) and glass structure (in large bulb) between the support wires
using what they know about conductors and insulators.

o Students begin to learn about light and heat energy (which
continues into the next lesson about filaments).

NEXT GENERATION SCIENCE STANDARDS (NGSS)

CONNECTION TO KIT

QO

See Lesson 4: What is
inside a Light Bulb?

pgs 21-24

4-PS3-2. Make observations to provide evidence that energy can be transferred from place to place by
sound, light, heat, and electric currents.

Carrying Out Investigations
- Make observations to
produce data to serve as
the basis for evidence for
an explanation of a
phenomenon.

Scientific Knowledge is
Based on Empirical
Evidence - Science findings
are based on recognizing
patterns. (4- PS4-1)

Disciplinary Core Ideas (DCI):

PS3.B: Conservation of Energy and Energy Transfer
- Energy can be transferred from place to place by
electric currents, which can then be used locally to
produce motion, sound, heat, or light. The
currents may have been produced to begin with
by transforming the energy of motion into
electrical energy. (4-PS3-2),(4- PS3-4)

PS3.D: Energy in Chemical Processes and Everyday
Life - The expression “produce energy” typically
refers to the conversion of stored energy into a
desired form for practical use

Cross-Cutting Concepts
(CCO):

Energy and Matter -
Energy can be transferred
in various ways and
between objects

MATERIALS

- see p22 for materials list (household bulb, wires, 20 D-cell batteries, wooden holder for batteries)
- see p12 for removing the base from the bottom of a large light bulb (120v household light bulb)
- Student recording sheet (1 per student)

PROCEDURE

Introduce the lesson: Whole Group
1. Orient students to the purpose of today’s lesson:

a. Introduce this lesson by featuring 2 student ideas about what’s going on inside the light
bulb that we can’t see that lets electricity pass through and change to heat and light.
[Possible ideas such as: filament glows brighter with more power, filament gets red
because it’s heating up, bulbs are made of glass to keep the heat/light/electricity inside,
the glass part inside helps keep the wires separated, etc.]

b. Explain that today we will be making observations of a large lightbulb to figure out
more about just what is happening inside the light bulb. The small bulbs are great for
small tests, but to really look inside, we are going to use large bulbs today.

c. Focus Question: How do the parts inside the light bulb help it work?
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Make Observations:

1. Pass out student recording sheets.

2. Hold up large light bulb so students can see it (place under
document camera to make it larger or pass around a few
intact bulbs for students to observe). Ask students what they
notice inside the light bulb.

3. Write-pair-share: Have students use what they learned about
insulators and conductors to answer question 1 on the front
of the recording sheet. Share responses in partners.

Collect Data:

SAFETY ALERT!

Light bulb with base removed
may have sharp wires or pieces
so if you allow students to
gently touch it, do so with care.

1. In this demonstration, students use the recording sheet to
note observations (if light bulb is bright enough in a dark
room, use the paper light meters.)

2. Follow directions on p 22-24 of binder guide showing
how to have students help with the demonstration to light
both the intact large bulb and the large bulb with base
removed using up to 20 D-cells. 2

3. Students record observations on their sheet. Use the back-
pocket questions in the box at right to help students think | 3
about their observations prior to writing conclusions.

4. Have students write a conclusion based on the data they
collected to answer the investigation question on the lab
sheet. [Possible conclusion could be: The bulb got brighter
and brighter the more D-cells we added to the circuit. The bulb
went from brightness 1 with 5 batteries to brightness 4 with 20
batteries. This happened because more batteries means more
voltage.]

Back Pocket Questions

. What do you notice about the

brightness as we added more D-
cells?

. Why do you think that happened?

. How was using multiple batteries

to light this large bulb similar and
different from our test with the
small bulb? (From lesson 4, see
summary table)

. What do you think the glass

support inside the bulb does? Why
is it there?

Just-in-Time Content Instruction: Heat and light energy

1. Introduce the terms light energy and heat energy. Use the text below to support students in

understanding these terms. Add them to a list of types of energy

including chemical energy

(from the battery) and electrical energy (from the wires when current is flowing).

radiating from the bulb when we put our hands near

of energy that we can actually see directly.

Light and heat are forms of energy. Both heat and light can be moved from
one place to another. For example, with a lamp we can feel the heat

from the bulb moves into the air and then into our hand. Light energy can
also be transferred from one place to another. Light energy is the only form

it. The heat energy

2. Have students use what they know about conductors and insulators to talk about how different

materials could help transfer or transform heat or light energy. S

ome examples:

a. Atthe beginning of the unit, we had a question on our question chart about why the filament was
such a curly shape. We hypothesize that the funny shape helps it make light. How could we use
our new terms of light energy and heat energy to describe what the filament does?

b. At the beginning of class | heard Jasmine say that she thought the filament lets current to through
it to make light because it is metal. What do we think about that idea? Do conductors help

change electrical energy into another form?
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Creating a Summary Table of Activity: Whole Class
(See sample entry as part of the summary table example below)
1. OBSERVATIONS: Have students summarize what they observed from this lesson.
2. LEARNING: What did we learn about light and heat energy?
3. CONNECTION: In our flashlight phenomenon, Think-Pair-Share: > How do the parts inside
the light bulb help it work? Write some ideas in the summary table under “connection to
phenomenon”

Science vocabulary note: Students should be proficient with the terms circuit, chemical energy, light
bulb, conductor, and insulator. New vocabulary terms for today are light energy and heat energy.

PLANNING NEXT STEPS
e In the next lesson, students will have more time to reason about energy transfer and transformation
so it is fine if all students are not comfortable talking about energy just yet. During this lesson,
encourage students to make connections about what they know about conductors and insulators in
how they think the light bulb works.

s, - P
Activity Observations what have we learned? | Connection to Phenomenon
- Our battery had acidt (vinegar) and Both our battery and the lemon clock used The flashlight stops working if the battery
Making a Stwmple wmetals (zine, copper) aclos and metals died. 1t wmight die because the aciol ovieo wp -
Battery - we had to follow a pattern to wake it Do all batteries have aclds ano metals? Like our battery didnt work if it wasw't wet
2ine washer work enough with acid.
PPer Scaked m , .
W!’:@ - It had to have enough acid (vinegar)
~ o to work
7

Reading about Batteries

=108

- Mixing baking soda and vinegar is a
chemical reaction

- It went fast and bubbled

- leeventually stopped

- batteries have metals and acids

- Chemleal energy s stored in the battery

- Chewdical energy is released when battery) is
connecteot

- Chewdcals react in the battery eventually
getting used up

The chemdicals in the flashlight batteries got
used up faster because it was Left turned on
using up all the stored chemleal energy.

How batteries affect
brightness

1 battery - brightness 2-2
2 batteries - brightness &
3 batteries - brightness 7#-2
4 batteries - brightness 10

we found that £ batteries was too
powerful for the bulb and broke it &

As the munber of batteries tncrenses, the
brightness of the bulb tncreases.

The power of batteries is called volts. Each
battery has 1.5 volts (written on the side)
and they add together to get a total voltage.
(Like in the car battery video where & x 2 v
cell =12v)

To have a bright flashlight you could have
more than one battery. This also might make
it Last longer because it can still work it would

Just be dim. Too many batteries would make

the flashlight too heavy to use and could break
the bulb.

Conductors anot
Insulators

- Metals such as colns, paperclips,
and foil make the clrewit work
(Light turns on)

- Plastic and glass do not make the
clreuit work (Light bulb does not
turn on)

- All matter is wadke of particles Lilee atoms.

- Conductors allow electric curvent to pass

- Conductors have free electyons that can buvp and
transfer energy.

- nsulators block or stop electrie cuurent because
they hold ontightly to thelr electrons.

A flashlight case can be made of wmetal or
plastic. i made of metal it is bmportant not to
have it touch exposed parts of the flashlight
clreudt or it might short civeuit. Plastic
makes a better case because it's Light-weight,
cheap and a non-conductor.

what's Lnsloe
a light bulb?

filament

o support wires_|

glass support

] SUppX
< ceramic insulator

— metal tip

¥/

- Support wires hold up
the filament

- The filmment glows to
make Light and heat

- The more D-cells we
have the brighter the
bulb

For a household Light bulb:

- 1 D-cell = 1 brightness

- 20 D-cells = 4
brightiness

- Uight and heat ave kinds of
eneroy

- Light and heat energy) can
wove from one place to
another

- The wore batteries means
there’s more chenmieal energy)
to ke the bulb bright and
brightness is like more Light

energy

The flashlight bulb has parts
Like the bulb we Looked ot
today Like support wires, o
filament, and glass
structure to help it work.
Conductors Like wires lets
electrical energy travel but
bnsulators like glass do not.

Lesson 7: What is inside a light bulb?

85

4™ Grade Circuits

© 2015, AmbitiousScienceTeaching.org




(This page intentionally left blank.)

Lesson 7: What is inside a light bulb? 86 4™ Grade Circuits
© 2015, AmbitiousScienceTeaching.org



Date:

Name:

Focus Question:

is part of a circuit?

Anatomy of a light bulb:

1.

How do the parts inside the light bulb make it work when it

A
with base

filament

B
without base

support wires

NG §/
! &."l glass support

support wire.

\-p«—ceramlc insulato
i

metal tip

r

What does the filament look like? What does it do?

2. The parts in a light bulb are made of metal, glass, and ceramic. Why do you think
they use these specific materials? (Hint: Use what you know about insulators and conductors)

Lesson 7: What is inside a light bulb?
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Investigation Question:

How does the number of batteries affect the brightness of a large
light bulb?

Data Table:

Number of Brightness of bulb
D-cells

5

10

15

20

Conclusion:
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Lesson 8: Making a Filament

OBJECTIVES & OVERVIEW

In this lesson, students continue learning about light and heat energy

and how energy is transformed from one form to another.

e Students make a physical model of a light bulb to observe what a

filament does.

e Students reason about how a filament can transform electrical

energy into heat and light using what they know about conductors
and what the read in the lesson.

NEXT GENERATION SCIENCE STANDARDS (NGSS)

CONNECTION TO KIT

QO

See Lesson 8: Making a

Filament
pgs 45-47

4-PS3-2. Make observations to provide evidence that energy can be transferred from place to place by
sound, light, heat, and electric currents.

Carrying Out Investigations
- Make observations to
produce data to serve as
the basis for evidence for
an explanation of a
phenomenon.

Scientific Knowledge is
Based on Empirical
Evidence - Science findings
are based on recognizing
patterns.

Disciplinary Core Ideas (DCI):

PS3.B: Conservation of Energy and Energy Transfer
- Energy can be transferred from place to place by
electric currents, which can then be used locally to
produce motion, sound, heat, or light. The
currents may have been produced to begin with
by transforming the energy of motion into
electrical energy. (4-PS3-2),(4- PS3-4)

PS3.D: Energy in Chemical Processes and Everyday
Life- The expression “produce energy” typically
refers to the conversion of stored energy into a
desired form for practical use

Cross-Cutting Concepts
(CCO):

Energy and Matter -
Energy can be transferred
in various ways and
between objects

MATERIALS

- see p45-46 for materials (D-cell, battery holder, bulb, bulb socket, pieces of wire, clay, nicrhome wire)
- see p46 for model of student-constructed light bulb

- student readings

- chart with labeled parts of light bulb (support wires, filament, glass structure, etc.)
- chart with list of forms of energy
- optional: copy of diagram on p46 for partners/groups to refer to when attaching the filament in the circuit

PROCEDURE

Prior to the lesson: Recall what questions and ideas students had about the filament from lesson 7.
These question and ideas can anchor today’s lesson. Also, try the experiment yourself. This activity
may require some troubleshooting if the ends of the wires do not have a good connection.
Introduce the lesson: Whole Group
1. Orient students to the purpose of today’s lesson:
a. Building off yesterday’s lesson where we looked closely at how the parts inside the light
bulb help it work. Some of you were wondering why the filament (gesture at chart of
labeled light bulb) glows but the support wires do not even though we think they are all
made of metal. /Remind students of their questions and ideas from lesson 7 that only
pertain to the filament — not about other parts of the bulb. If they did not have any
questions or ideas, ask them now what they would like to know about the filament.
Possible student questions: What makes it glow? Why does it break? Why does it have

Lesson 8: Making a Filament
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to be curly? Possible student idea: The filament glows because it’s thinner than the
support wires so the electricity doesn’t have as much space to move so it gets stuck and
rubs and gets hot.]

b. Explain that today students will be making our own filament glow in a simple light bulb
circuit. (Show students the diagram on p 46).

c. Remind students about the safety alert (at right) when working with the materials today.

Make Observations: Pairs/Groups

1. Have students work in partners to make the circuit
(shown in the diagram on p46) using the nichrome wire
as the filament.

2. Students sketch and label the circuit in their science
notebooks, indicating the part of the circuit that glowed.

3. As students are building and sketching, circulate to
address any issues with materials and encourage
students to help each other.

SAFETY ALERTS!

- Thin nichrome wire can cause cuts if
it is pulled too hard.

4. Atthe end of this portion of the lesson, have students - Nichrome wire gets hot when it
think and write briefly about this question in their glows. Remind students not to
science notebooks: What makes the filament glow? touch it until it has cooled.
[Possible sentence starters: The filament glows . Hot ni . o

. . . ot nichrome wire can lgnlte
because... The filament is made of metal so it glows flammable materials, such as paper.

because... The shape of the filament is thin and curly
which makes it glow because...]

Just-in-Time Content Instruction: Energy transformations

1. Introduce the term energy transformation by referring READING INTEGRATION
students to the list of forms of energy on the chart and
explaining that when energy changes forms it’s called a
transformation (If needed, review the terms light energy
and heat energy from the text box in lesson 7.)

2. Tell St.UdentS that they will do some readmg to get This lesson contains readings that could be used
more information about energy transformations and during reading time and then revisited now during
how the filament works. Have students read the short the science lesson.
articles about “Why do hot things give off light?” and How docs the fi transt .

. OW does the 11lament transtorm energy
“How do filaments work?” You could choose to use &Y
one or the cher but both have a focus on energy Our ideas Evidence from Reading
transformations.

3. In partners, have students locate information in the * Has to be thin to “The fatter the

di id th ti bout th let electricity pass conductor the easier for
rea ”j‘g as evidence to an§wer € question about the through it but to electricity to flow”
question “What makes a filament glow?” make it harder to (Paragraph 2)

4. As a class (whole group), come up with some ideas 80 . 95 percent of the
with evidence from the text and from student reasoning - Thicker wire electrical energy that
to explain how the filament helps transform or change n;akes it easi?lr for  goes int(C){ thehfi[ament

. . Lo . electricity to flow is wasted as heat

electrical energy in the wire into heat energy and light K energy” (paragraph 3)
energy. Use think-pair-shares during the whole class - It gets hot because
discussion so all students have time to talk about their 0{ f”tCt'O”_bett_Whete” * Not sure about friction
. . . . elecurons In t i
ldeas and listen to their peers. (Possible chart shown at space in thin wire g%?fﬁf/trons’ reading
right.)
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Creating a Summary Table of Activity: Whole Class
(See sample entry as part of the summary table example below)
1. OBSERVATIONS: Have students summarize what they observed about how the filament looks.
2. LEARNING: What did we learn about filaments and energy transformation from the reading(s)?
3. CONNECTION: In our flashlight phenomenon, Think-Pair-Share: > What makes the filament
change electrical energy into heat and light energy? Write some ideas in the summary table

under “connection to phenomenon”

Science vocabulary note: Students should be proficient with the terms circuit, chemical energy, light
energy, heat energy. New vocabulary terms for today are energy transformation.

SUMMARY TABLE

Ac’c’L\/’L’cg

Observations

what have we Learned?

Connection to Phenomenon

Making a Stmple
Battery
2ine washer
LT
”
&2,
o

y

- Our battery had actd (vinegar) and
wmetals (zine, aoppev)

- We had to follow a pattern to make it
work

- It had to have enough acld (vinegar)
to work

Both our battery and the lemon clock used
actds and metals
Do all batteries have acids and metnls?

The flashlight stops working if the battery
died. 1t wmight die because the acid dried up -
Like our battery didn't work if it wasn't wet
enough with actd.

Reading about Batteries

- Mixing baking soda and vinegar is a
chemical reaction

- It went fast and bubbled

- leeventually stopped

- batteries have metals and acids

- Chemleal energy is stored in the battery

- Chewical energy is released when battery is
connecteot

- Chewdcals react in the battery eventually
getting used up

The chemdicals in the flashlight batteries got
used up faster because it was Left turned on
using up all the stored chemical energy.

-

How batteries affect
brightness

1 battery - brightness 2-2
2 batteries - brightness &
3 batteries - brightness 7#-€
4 batteries - brightness 10

we found that £ batteries was too
powerful for the bulb and broke it &

As the mumber of batteries tnereases, the
brightness of the bulb increnses.

The power of batteries is called volts. Each
battery has 1.5 volts (written on the side)
and they add together to get a total voltage.
(Like in the car battery video where & x 2 v
cell =12v)

To have a bright flashlight you coulo have
more than one battery. This also might make
it Last longer because it can still work it would

Just be dim. Too many batteries would make

the flashlight too heavy to use and could break
the bulb.

Conductors and
Insulators

- Metals such as colns, paperelips,
and foil make the clreuit work
(Light turns on)

- Plastic and glass do not make the
clreuit work (Light bulb does not
turn on)

- Allwatter is waole of particles Like atoms.

- Conductors allow electric cuivent to pass

- Conductors have free electyons that can bumvp and
transfer energy.

- nsulators block or stop electrie cuurent because
they hold ontightly to thelr dectrons.

A flashlight case can be made of wmetal or
plastic. f made of metal it is bmportant not to
have it touch exposed parts of the flashlight
civeult or it might short cireuit. Plastic
makes a better case because it's light-welght,
cheap and a non-conductor.

what’s lnside a Llight
bulb?

- Support wires hold up the filament

- The filament glows to make Light
and heat

- The more D-cells we have the brighter
the bulb

For a householdl Light bulb:

- 1 D-cell = 1 brightness

- 20 D-cells = 4 brightness

- Lightand heat are Rinds of energy

- Light and heat energy can move from one place
to another

- Themore batteries wmeans there's more chemical
energy to wake the bulb bright and bigihtness i
like morelight energy

The flashlight bulb has parts Like the bulb we
Lookedt at today Like support wires,  filament,
and glass structure to help it work.
Conductors Like wires Lets electrical energy
travel but insulators like glass oo not.

Making a
filament

The Nichrome wire glows
whewn it's a filament in a
clreuit powered by 2 >-
cell batteries

Lesson 8: Making a Filament

we Learned from the reaoling
that the size of the conductor
(short/long or thin/Afat) can
affect how electric energy)
moves through it

Short, thin conductors malkee
oood fllaments.

The flashlight bulb has a
tiny filament that glows to
make the light energy in the
flashlight clreuit. The
filament transforms some of
the electrical energy in the
wire tnko Light energy and
heat energy).
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PLANNING NEXT STEPS

Based on student writing and talk from today’s lesson, students will likely need more time thinking,
talking, and writing about energy transfer and transformations before moving into telling the energy
story on their final models of the flashlight phenomenon, spend another lesson and a suggestions

below:
1. Watch and discuss. Use one or both of these short videos to help students be more

comfortable identifying forms of energy and describing how they change forms:
Energy transformations (5 min 46 sec) http://safeshare.tv/v/ss56499646d27da (slower
speaking pace, lots of labels, video summary at end, good for English Learners)
Types of energy (2 min 2 sec) http://safeshare.tv/v/ss564997f9834df (cartoon showing
caveman experiencing and narrator naming different kinds of energy)
2. Tell the energy story of everyday events. Discuss some everyday events and examples and
trace and name the energy forms and transformations. Students can discuss each example and
then quickly sketch and label the types of energy and where the transformations occur. For

example:
o Atoaster turns bread into toast:
= Plug the toaster into the wall socket to get electrical energy.
= When the toaster is turned on, the filaments in the toaster transform the electrical
energy into heat energy, and some light energy.
= The heat energy changes the cold bread into toast.
= Finally some of the electrical energy turns into energy of motion as the spring pops
up the toast and a little bit turns into sound energy because we hear it pop up.
o Afire roasts marshmallows to make yummy s’mores:
= The wood has stored chemical energy.
=  When the wood is burned, the chemical energy in the wood transforms into light
and heat energy in the fire.
= The heat of the fire transfers into the cold marshmallows, warming them up and
melting them.
=  We eat the hot marshmallow on a s’'more and get some chemical energy from the
food we can use for energy of motion.
o Come up with other events and have students sketch and label energy transfers and
transformations. Students may come up with their own ways to model energy using arrows
(and size of arrows), here are some possibilities:

Transferred as Transferred as
- - electrical energy light energy
attery (store of ) Light

chemical energy) Lamp Surroundings Light energy
Transferred as Electrical
hern ) energy
thermal energy WASTED ENERGY

Surroundings Heat energy
. . th . .
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L ARERAYS

Above: Burning logs react with oxygen to produce carbon
dioxide gas, water (steam), and a lot of energy. Below: A
candle burns over time using up the stored chemical
energy in the wax, transforming the chemical energy to
light and heat energy.

Lesson 8: Making a Filament

Why do hot things give off light?

Set fire to logs and you'll get a red glow and
a warm feeling. People know that hot things
give off light. But why do hot things give off
light?

The burning wood reacts with oxygen in the
air to change wood into carbon dioxide gas
and water (steam). Doing this releases a lot
of energy. Some of that energy is heat, some
is light, and a little bit is sound energy, too
(in the crackling and hissing of the logs).

Candles used to be popular to have light. A
candle has a flame by slowly changing the
energy stored in the wax into heat and light
energy. Candles will burn out eventually.
All the energy to make candlelight has to
come from the wax, which slowly burns
away.

& EXPLAINTHATSTUFF!

Article modified from http.//www.explainthatstuff.com/incandescentlamp.htm/

93 4™ Grade Circuits
© 2015, AmbitiousScienceTeaching.org


http://www.explainthatstuff.com/water.html
http://www.explainthatstuff.com/energy.html
http://www.explainthatstuff.com/heat.html
http://www.explainthatstuff.com/light.html
http://www.explainthatstuff.com/sound.html
http://www.explainthatstuff.com/incandescentlamp.html

How do filaments work?

Why do filaments glow? Electricity flows
better through some materials than
others. Metals let electricity flow easily.
Some metals are better conductors than
others. Silver is better than gold. Gold is
better than copper. Copper is better
than aluminum. Not all conductors are
metals. Carbon is a good conductor and
it is not a metal.

Take a piece of a conductor and you can
make electricity flow through it better by
doing two things. First, make it shorter.
The longer the piece of conductor, the
more work electricity has to do to get
through it. Second, make it thicker. The
fatter the conductor, the easier it is for
the electric current to flow. If you have a
conductor that is both short and thin in
the right shape, when you pass electric
current through it, it will glow. You have
just made a filament.

Incandescent light bulbs give off an
incredible amount of heat energy to also
make a decent amount of light.

& EXPLAINTHATSTUFF!

Article modified from http.//www.explainthatstuff.com/incandescentlamp.htm/
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Photo: A modern, electric incandescent lamp. Left: The
filament is a length of tightly coiled tungsten metal
stretched between two terminals that let the current flow

The filaments inside a toaster glow red hot to turn
bread into toast. The filaments in a toaster are
efficient at transforming electrical energy into heat

CFLs come in a variety of shapes. These light
bulbs do not use a filament to transform electrical
eneray into light eneray.
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Lesson 9: Telling the Energy Story (Revising Models)

OBJECTIVES & OVERVIEW

In this lesson students use all of the experiences and evidence they have accumulated in the unit
(displayed on the summary table) to explain the phenomenon of a flashlight that eventually stops
working (or other related phenomenon).
e Students model evidence-based ideas about energy transfer and transformation in a circuit.
e Students justify model decisions based on critique from peers and evidence from activities.

NEXT GENERATION SCIENCE STANDARDS (NGSS)

4-PS3-2. Make observations to provide evidence that energy can be transferred from place to place by
sound, light, heat, and electric currents.
4-PS3-4. Apply scientific ideas to design, test, and refine a device that converts energy from one form to

another.
Science and Engineering Disciplinary Core Ideas (DCI): Cross-Cutting Concepts
Practices (SEP) PS3.B: Conservation of Energy and Energy Transfer | (CCC):

- Energy is present whenever there are moving Energy and Matter -
Developing models - objects, sound, light, or heat. Light also Energy can be

Collaboratively develop and/or
revise a model based on
evidence that shows the
relationships among variables

Constructing Explanations —
Use evidence (e.g.,
measurements, observations,
patterns) that specify variables
to construct an explanation of
a phenomenon.

transfers energy from place to place. (4-PS3-2)
- Energy can be transferred from place to place
by electric currents, which can then be used

locally to produce motion, sound, heat,

The currents may have been produced to begin
with by transforming the energy of motion into

electrical energy. (4-PS3-2),(4- PS3-4)

PS3.D: Energy in Chemical Processes and Everyday
Life - The expression “produce energy” typically
refers to the conversion of stored energy into a

desired form for practical use

transferred in various
ways and between
objects

or light.

MATERIALS

- Model scaffold (1 per student)

- Pencils

- Colored pencils (optional)

- Summary table (displayed for student reference)
- Anchor charts from prior activities (displayed for student reference)

PROCEDURE

Prior to this lesson watch the video “Generalizable science ideas: Gotta have checklist” if you are not
familiar with helping students create a ‘gotta have’ checklist http://safeshare.tv/v/ss56528ef384b13.
This is a video for teachers with a classroom example.

1. Re-orient students to the focal models and hypotheses. Gesture to the summary table and
science charts and ask: “This is what our groups have been thinking about—what is it we have
been trying to represent? What are we trying to explain?”

a. Students may say, for example, “We are making a model of a flashlight,” but you need
to re-name the model in terms of the underlying idea — in this case we are modeling the
“relationship between energy transfer and properties of matter.” (And a story of energy

Lesson 9: Telling the Energy Story

95

4™ Grade Circuits
© 2015, AmbitiousScienceTeaching.org



http://safeshare.tv/v/ss56528ef384b13

transformation, too!) This is important because models should do more than simply
explain one phenomenon. A model can be used to explain multiple related

phenomena.

b. Re-articulate the original “why” question you posed as an essential question earlier in
the sequence of lessons — Why does a flashlight eventually stop working?

Prepare students to work on models: Develop a “gotta
have” checklist. What are the 2-3 big relationships that
you want to make sure students include? What are the
ideas students think they should be including. Ask the
following question and provide time for Think-Pair-Share
and then share out to make a list of no more than 4 big
ideas you and students think they need to remember to
include.

Question: If you were going to tell any circuit story -
whether it’s our flashlight dying story or about a cell

phone, battery-operated game, lemon clock - what would
be some key ideas or concepts that we would have to or
“gotta have” in order to explain how circuits and energy

transformations work?”

3. TEACHER DECISION POINT: Students can all model

Sample Explanation Checklist:

O Circuits transfer and transform
energy for a particular reason
or purpose

O Circuits have and need a
power source

O Circuits have pathways to
move the energy around

O Circuits have to be connected
for energy to move

Students develop their own models: Individual Work

1.

and explain the original flashlight dying phenomenon
OR students could select a circuit of their choosing: cell
phone, flashlight, alarm clock, lemon clock, Gameboy,
TV remote, etc. to model and explain. The ‘gotta have’
checklist includes generalizable ideas such that students
could explain different circuits and still check off these
items. Students can draw models of other circuits on the
back of the flashlight circuit model scaffold.

TEACHER DECISION POINT

Y

Do you want all students to
explain the flashlight
phenomenon? Or would you like
to provide choice?

Each student gets a model scaffold sheet and begins -

to write and draw about how and why they think a

flashlight works and what might happen that we can’t | -

see that would make it stop working. You could
encourage partner talk, it does not need to be silent.

As you circulate, look at student drawing and writing
and ask for clarification if something isn’t explained.
a. Use the summary table for evidence.
b. If students are using symbols, ask that they -
add a key to explain their symbols.
During this time students can talk to each other and
the teacher about their thinking, but each student
records their individual thinking on their own paper.

Back Pocket Questions

How are you showing energy in
your model?

What makes the energy change
forms? How can you show that?
In the model?

Why are certain materials
conductors or insulators? How
do we know? How can you add
that to your model?

| hear you are thinking about X
and Y ideas, what about Z? How
does it fit in? I'll be back in a few
minutes to hear your ideas

4. As you circulate, look for parts of models you’d like to feature for the whole class. These
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might be different ways of representing energy transformations or how a student has shown
how electrons help energy move through conductors. Select 2-3 students whose models
may emphasize different parts of the explanation.

Providing some peer feedback:

5. Pause the class. Have the pre-selected students show the particular piece of their model
you wanted to feature under the document camera. Have other students ask questions or
talk about the models as they are presented.

Completing the model using the checklist:

6. Resume individual model work and have students make sure they are attending to the items
on the gotta-have checklist.
7. Collect models at the end of class.

PLANNING NEXT STEPS

Look across models and see how students are incorporating the ideas on the ‘gotta-have’ checklist
as well as how they are addressing the standards around understanding how energy is transferred
and transformed. If you see places where students should add and strengthen their representation
of the energy story, provide some time at the beginning of the next lesson to attend to this.

Lesson 9: Telling the Energy Story 97 4™ Grade Circuits
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Lesson 10: Evidence-based explanation

OBJECTIVES & OVERVIEW
In this lesson, students focus on writing an evidence-based explanation for several ideas in their
model. Writing allows them to use more details and connect their ideas to evidence which they
may not have identified in their model.
e Students connect appropriate evidence with claims using the summary table.
e Students write an evidence-based explanation of the energy story in a circuit.

NEXT GENERATION SCIENCE STANDARDS (NGSS)

4-PS3-2. Make observations to provide evidence that energy can be transferred from place to place by
sound, light, heat, and electric currents.

Science and Engineering Disciplinary Core Ideas (DCI): Cross-Cutting Concept (CCC):
Practice (SEP): PS3.B: Conservation of Energy and Energy
Transfer Cause and Effect - Mechanism
Developing and Using -Energy is present whenever there are moving and explanation. Events have
Models - Develop a model objects, sound, light, or heat. Light also transfers | causes, sometimes simple,
to describe unobservable energy from place to place. (4-PS3-2) sometimes multifaceted. A
mechanisms. -Energy can be transferred from place to place by | major activity of science is
electric currents, which can then be used investigating and explaining
Creating Explanations - locally to produce motion, sound, heat, or light. | causal relationships and the
Identify the evidence that The currents may have been produced to begin | mechanisms by which they are
supports particular points with by transforming the energy of motion into | mediated. Such mechanisms
in an explanation electrical energy. (4-PS3-2),(4- PS3-4) can then be tested across given
PS3.D: Energy in Chemical Processes and contexts and used to predict
Everyday Life - The expression “produce energy” and explain events in new
typically refers to the conversion of stored energy | contexts.
into a desired form for practical use

MATERIALS
For class reference: For each pair:
e Summary Table poster filled in with some e Revised Model (from lesson 9)

(ideally all) activities

e  What-How-Why writing examples sheet
(in this lesson)

e Explanation checklist (created with
students in lesson 9)

writing support strip with sentence starters
Notebook paper

Pencil with eraser

Sticky notes

PROCEDURE

If needed, provide time for students to address some feedback from their models in lesson 9. For
example, if there is a particular item or idea you noticed that a majority of students did not include,
pass back models and give about 5-7 minutes to address those 1-2 ideas.

Pre-writing task: Helping students write with evidence
1. Whole group: Explain to students that a claim is a statement that we believe to be true based on
our experiences and thinking. A claim in our unit might be something like: A battery has stored
chemical energy. It's a statement we think is true based on what we know. Now you will
identify some claims you made on your models yesterday. What are at least 3 things you
claimed? Put a star by them.

Lesson 10: Evidence-based explanation 101 4™ Grade Circuits
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Individually, identify claims: Have students put a star by the claims they have made on their
model (at least 3 on each side of the circuit model scaffold if they used that side — or if they
drew their own, at least 3). Clarify as needed about what counts as a claim. Have students
share in partners just one of the claims they starred.

Whole group: But how do we know for sure? Did we do something to get some evidence to
learn about this? We did a reading about batteries. So this reading is evidence for our claim. |
can find the reading in my science notebook if | need to remember what it said. So on my
sticky note | will write “Battery Reading: The chemicals in the battery react to release chemical
energy” and stick that note next to my claim on my model. Do this for at least 3 claims.
Individually, matching evidence: Have students use 3 sticky notes to write about evidence that
supports 3 of their claims.

Writing Task: Supporting extended responses using evidence

1.

Tell students that we are going to put our claims and evidence together now by writing our
circuit story. Say that we are aiming for a deep level of explanation to really show everything
we have learned in this unit and how we know it to be true.

What-how-why levels: Show the sheet explaining what-how-why levels and how you expect
students to write beyond a ‘what’ level.

If you think it is needed: pass out the writing support strips.

Have students write individually, skipping lines, about how and why a circuit works
incorporating at least 3 claims and the evidence they just identified.

Optional: Peer conference
When students have completed their draft, or a substantial portion of the draft. Have students pair up
and give each other feedback using the ‘gotta have’ checklist and looking at how they used evidence.

PLANNING NEXT STEPS

Use the what-how-why levels of explanation sheet in the unit guide to evaluate student models and
writing to assess to what extent students have demonstrated understanding on the core science
ideas and how they are progressing on modelling and explanation as scientific practices. The what-
how-why levels of explanation trackers on pages 5-11 of this guide help track student and class
understanding over time.
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Remember to try to write a "WHY" level explanation. This is difficult to do, so use the
evidence tables in your notebook as well as posters in the classroom to help remind you of
all the evidence we have collected about circuits.

"What" Level

I observe that...

In science class we...

“"How" Level

I observe that...

In science class we... which
showed me evidence that...

“"Why" Level
I observe that...

In science class we... which showed me
evidence that...

Even though I can't observe
I think it is happening because...

If you write at the "What"”
level you only describe what
happens like observations
and what you did in
experiments.

Short Example:

When the wires are
connected to the battery
and bulb in the right way, the
bulb lights up. If the
battery is dead, the bulb will
not light up. If the wires
aren't in the right places, it
won't light up.

Lesson 10: Evidence-based explanation

If you write at the "How"
level you describe
observations PLUS how you
think the things you observe
happened using evidence.

Short Example:

When the wires are
connected to the battery and
bulb in the right way, the bulb
lights up. This is because the
wire is a conductor which is a
pathway for energy. I know
wire is a conductor because
we did an experiment that
showed...

103

If you write at the "WHY" level you
explain why something happened. You
tell the full story using observations
and evidence and make claims about
what is happening we can't observe.

Short Example:

When the wires are connected to the
battery and bulb in the right way, the
bulb lights up. This is because the
wire is a conductor which is a pathway
for energy. I know wire is a conductor
because we did an experiment that
showed...... T also know that inside a
conductor there are electrons which...
In an insulator, electrons.....which
means that...

4™ Grade Circuits
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Writing support strips: Copy, cut apart and provide to students to support their writing.

WRITING AN EXPLANATION ABOUT:
WHy DOEs YOUR CIRCUIT WORK?

In your writing, you need to:

1. Describe where electric current flows in
your circuit. (Also, share why you think it can flow
where it does and why current does not flow through all
materials.)

2. Describe what energy transformations
happen in your circuit and where they

happen. (Also, share why you think these
transformations happen where they do.)

3. Use evidence from the summary table to
support your ideas.

For each idea you state in your explanation,
what evidence do we have to support it?

¢ My evidence for this idea is ...
¢ This idea is supported by the activity where we ...

e When we watched the video about L it
stated that which supports my idea.

, it showed us
so therefore that supports
because

When we did
that
my idea about

Write a "WHY" level explanation.

WRITING AN EXPLANATION ABOUT:
WHy DoOEs YOUR CIRCUIT WORK?

In your writing, you need to:

1. Describe where electric current flows in

your circuit. (Also, share why you think it can flow
where it does and why current does not flow through all
materials.)

2. Describe what energy transformations
happen in your circuit and where they

happen. (Also, share why you think these
transformations happen where they do.)

3. Use evidence from the summary table to
support your ideas.

For each idea you state in your explanation,
what evidence do we have to support it?

e My evidence for this idea is ...

o This idea is supported by the activity where we ...

e When we watched the video about ,it
stated that which supports my idea.

e When we did , it showed us
that so therefore that supports

because

my idea about

Write a "WHY" level explanation.

WHY
does it happen?

WHAT
happens?

HOW
does it happen?

Lesson 10: Evidence-based explanation

WHAT WHY

happens?

HOW
does it happen?
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Sample of Student Writing about a Student-designed Circuits Or a Circuit of their Choice — Student A

er GO T
Oq-v“epor

L g o'foai,_g_elec+ru
- -j(mcrenvl' Stacks

ﬁﬁhbn -H@l&(‘ ‘\‘hroqu\ H@ @FP&F

T dea™L

:______ — wlﬁantl;ahjfﬁir :j:r:% —Hm(,
_____“_ }65; "‘ lf\]; g 6‘_CLLCC@03

ZE;AJMJ&ALML@eC e

e 4 wenld have no PurPoce.
" — &

ez [ Electric corrend conno ¥ @,
%__:ﬂ:@w&ﬂ&lﬁbr‘? Lke lola,sic or
e glaee, T Wuow Lty B ae.

That facal ks Lsu.oln as_placic o
_AM__,MQ_Q&EKQQJ*N, Lyen T
B 5 P \ |

] IR

Lesson 10: Evidence-based explanation

J

ne. imﬂega_"’

Mwhbn Yhe f,oef‘gé(_ -Qow'/i\'—\rmn;@ornﬁ

e

X YransLory rn’u are

| Yhe places were i

. |goips- Orom batrerze Yo wire 3 Leom

/[ ¥he suppor® wire o flamant
[ 15 Hhink ¥hink Hhe readen these

-\—mn&{-‘ocma-\nons ‘anér\ " hecance

_m@- Y, . o]m'_adq_ﬁ_, ol eviecment.

\
\WJi Qort-j-ﬂﬂmﬁ_.;ﬁ_@mm__
M \I(nbl:z'62

é/‘bC;
 " mu\@vm(emaa ~K;.Oﬂ’ J,/D\ﬁaji;l Lfnam_

o Yool e dd aboud s

Condy rthV\Q .

Mhm we LIk a—lnql-_u&_gm_%i - i

— 5

7S ) ~ J
imy o dente. ~or Thea "3 s trom

[ .
j T like how you wade

Sure +v ihelucy 2vidence j s
@b Support your ldas, For

_]idta&a T (ould See aa!al.wk
[Vuas about electrons Genditphors
“Tand b Lleetons are Yepors ol

=1 for maving carrent.
‘ oreaxen! - Lot

ﬂ]

105 4™ Grade Circuits

© 2015, AmbitiousScienceTeaching.org



Sample of Student Writing about a Student-designed Circuits Or a Circuit of their Choice — Student R
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Sample of Student Writing about a Student-designed Circuits Or a Circuit of their Choice — Student S
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Lesson 11: How do switches work?

OBJECTIVES & OVERVIEW

In this lesson, students will create a switch to easily turn the circuit on CONNECTION TO KIT
and off using what they know about conductors and insulators
e Students create a circuit which includes a student-engineered switch oo

out of conductive materials. See Lesson 12: Learning

about Switches Pgs 65-68

NEXT GENERATION SCIENCE STANDARDS (NGSS)

4-PS3-2. Make observations to provide evidence that energy can be transferred from place to place by
sound, light, heat, and electric currents.

Science and Engineering Disciplinary Core Ideas (DCI): Cross-Cutting Concepts

Practices (SEP) PS3.B: Conservation of Energy and Energy Transfer | (CCC):

Constructing Explanations - Energy can be transferred from place to place by

and Designing Solutions electric currents, which can then be used locally to | £7ergy and Matter -
22 d . d h lisht. Th Energy can be transferred

Apply Sclentlflc |deas to prO uce mOtlon, soun ’ eat, or |g t T e in Var’ious Ways and

solve design problems. (4- | currents may.have been produced .to pegm with e @)

PS3-4) by transforming the energy of motion into

electrical energy. (4-PS3-2),(4- PS3-4)

PS3.D: Energy in Chemical Processes and Everyday
Life- The expression “produce energy” typically
refers to the conversion of stored energy into a
desired form for practical use

MATERIALS

- See pg 65 of curriculum guide for materials to make switches using brass paper fasteners and cardstock
- Make a demonstration switch using cardstock, clips, battery holders, etc. shown on page 66.

PROCEDURE

Introduce the lesson: Whole Group
1. Orient students to the purpose of today’s lesson: SAFETY ALERT!
a. Revisit what students learned about conductors and insulators
by looking at the summary table. Today students will build a
switch for a simple circuit and will need to remember
properties of particular materials.

b. Focus Question: How can we create a switch to easily turn If materials begin to feel

. hot or warm, put down
our circuit on and off? the matenials and

c. Remind students of the safety alert before proceeding. disconnect pieces.

Building a switch:

2. Show students your demonstration switch and show them that it turns the bulb on and off.
Tell students they will make their own switch using these materials. Ask students and
discuss:
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- Why do you think my switch is made of metal (paper clip)?
- What would happen if the index card were made of aluminum foil? Would it still
work, why/why not? (How is paper different than foil as part of a circuit?)

3. Give time for students to construct switches according to the directions in the diagrams on pg
66 and 67 and your example. Encourage students to help each other in making functional
switches and in using the battery holder and wire clips (these can be tricky for small fingers.)

4. If time permits, let students create and test their own switch designs that are different than the
one provided. Knowledge of insulators and conductors is necessary for this. Reiterate safety
warning.

PLANNING NEXT STEPS

e Students will need the switches they create in this lesson for lesson 13 where students
communicate using a circuit by flashing a light or making a buzzer make sound. Students may
want to redesign their switch tomorrow to make their signals easier to make.

Photo from student science notebook of how the switch works in a simple flashlight circuit.
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Lesson 12: Using circuits to communicate

OBJECTIVES & OVERVIEW
In this lesson, students apply what they’ve learned about circuits to create READING INTEGRATION
a device that allows for communication over distances.
e Students learn about ways to transfer information across distances
(such as Morse code using light or sounds).
e Students design and build a circuit and communicate messages to . . .
X X . This lesson contains a reading
their peers using an established code or a system they create. that could be used during reading
e Students compare their solutions and provide feedback. time as an integration option.

NEXT GENERATION SCIENCE STANDARDS (NGSS)

4-PS4-3. Generate and compare multiple solutions that use patterns to transfer information. [Clarification
Statement: Examples of solutions could include drums sending coded information through sound waves, using a grid of 1’s and 0’s
representing black and white to send information about a picture, and using Morse code to send text.]

Science and Engineering Disciplinary Core Ideas (DCI): Cross-Cutting
Practices (SEP): PS4.C: Information Technologies and Instrumentation | Concepts (CCC):
Constructing - Digitized information can be transmitted over long Patterns - Patterns of
Explanations and distances without significant degradation. High-tech change can be used
Designing Solutions - devices, such as computers or cell phones, can receive | to make predictions.
Generate and compare and decode information—convert it from digitized
multiple solutions to a form to voice—and vice versa. (4-PS4-3)
problem based on how ETS1.C: Optimizing The Design Solution - Different
well they meet the solutions need to be tested in order to determine
criteria and constraints of | which of them best solves the problem, given the
the design solution. criteria and the constraints. (4-PS4-3)
MATERIALS
Per student: Building a communication circuit: Providing feedback:

- Science notebook - Have materials from kit - feedback sheet

- Copy of reading available to students to use. - Pencil

- Copy of student handout - switches students created

Additional resources to use with students:

- Copies of Morse code alphabet (copy and cut apart so each student has a strip)

- YouTube video “The History of Morse Code” uploaded by JEBfive (5 min 23 seconds)
http://safeshare.tv/v/ss56566eb790d88

- YouTube video “Morse Code & The Information Age” uploaded by the Art of the Problem (10
minutes) http://safeshare.tv/w/ss56566db21a091

- YouTube video “Morse code music... The rhythm of the code” uploaded by Phil K (3 mins)
http://safeshare.tv/w/ss56566dd71d465 — helps learning and hearing letters

PROCEDURE
Introduce the lesson: Whole Group
1. Gather students on carpet area. Review lesson 12 by doing a think-pair-share about
switches. Last lesson students created switches for their circuits. Think-Pair-share:
Think of the switch you made (hold one up). What did the switch let us do?
2. Explain that in this lesson students will use what they’ve learned about circuits and
switches to use circuits to communicate in secret messages. Focal Question: How can
a circuit communicate messages?
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Just-in-Time Instruction: Morse Code

3. Have student complete the reading in this guide. Some students may have already
heard of Morse code or may know SOS as it's a common message featured in
cartoons and movies. After completing the reading, students can practice Morse code
by encoding and decoding messages to each other.

4. Have students watch a one or more videos in the materials list. As students watch,
think about how they can build a circuit that would be able to communicate messages
in Morse code.

5. Close the just-in-time instruction by saying that Morse code is one example of a code
that can communicate messages through patterns of sounds or by flashing lights in a
pattern. Students can use this code or invent their own code as part of the
engineering task that follows.

Designing, building, and testing the circuit: In Partners
6. Have students work in partners to design and build a circuit, using materials available,
that is capable of transmitting messages in Morse code (or a code students invent — if
invented, they must write the code on the back of their paper).
7. Partners build and test their communicating circuit using their code. Prepare to share
your design and code with others.

Partner Feedback: In groups
8. Once partners have built and tested their communication circuits, have partners pair-
up in small groups and learn about how another pair designed and tested their circuit.
9. Pairs use and fill out the feedback sheet as a guide for giving and receiving feedback.

Engineering Debriefing (whole group)

10. Gather in the carpet area. Have students share some similarities or differences they
observed when they compared their solutions during group feedback.

11. As a whole class, debrief this engineering process. What was easy about using the
circuit to communicate? What was challenging? What difficulties did you overcome
in the design or in the code? What difficulties still remain?

12. Compare our solutions to everyday ways we communicate using signals such as text
messaging and email. What is similar? What makes sending text messages hard?
Easy? How can engineers make text messaging easier and more efficient?

a. If desired, play a clip from the Jay Leno show from 2005 with a race between
a telegraph and a flip-phone text messaging (30 seconds)
http://safeshare.tv/v/ss56566f16c2293

b. Text messaging has gotten faster and easier now that phones have full
keyboards and touch screens compared to the phone in the video where users
had to cycle through letters to find the one they wanted.

c. Have students talk in partners about what’s easy or difficult about text
messaging and how they think it could be improved.
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READING CONNECTION
A short reading is included in this lesson about Morse code.

Supplement this reading by checking out books from the library about
Semaphore, smoke signals, drum signals, Braille, Morse Code or other codes.
These codes are not just used by humans; animals also use codes across
distances to communicate about location of food or water, to attract mates, or
to warn of danger.
- Fireflies: http://earthsky.org/earth/bugs-firefly-light and
http://www.amnh.org/ology/features/talkingtofireflies/
- Elephants: http://www.elephantsforever.co.za/elephant-
communication.html#.Vj OF7erSUk

After reading this, some students may want to learn and practice Morse Code.
For interested students, recommend that they practice at this website:
https://www.nsa.gov/kids/games/gameMorse.swf
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What is Morse Code?

When you think of codes, you probably imagine spies and secret agents reading and writing
secret coded messages. However, did you know that there’s a special code that anyone can
learn?

Good listening skills are all you need to understand this special cipher. This special code is
called Morse code. It's been around since 1836. It is used by the military, emergency support
groups, and by people all over the world.

An electric telegraph uses an electric
current to send messages along a wire
that go into a buzzer which emits
patterns of sounds. The drawing of
the circuit (at right) shows wires
connecting a battery (B), a switch (K),
and a buzzer (R) to send and receive
signals between two stations.

In order to communicate, there is a
code for each letter of the alphabet. A
person sending a message uses a
series of dits () and dahs (-) to m_

or o Larthed Plate

represent each letter of the message. Fro. 38— Telograubio sppssstus. seniing ey, taczar, sud bniecr.

The code is shown below. Telegraphic apparatus; sending key, buzzer and battery

B o

- 00 .

- 9 mmm O Try It!

- ¢

g Morse code can be used by sending an auditory signal with a

® Ommm O . . .
. telegraph machine or radio. Morse code can also be sent using

eoe o flashing lights. Either way uses a system of dits and dahs or a series
LA of short and long. Use the code to translate the messages below.
@ EEEEN USEME RENEE
. O mam
ommmeo o

. Morse Code Message
e @

N<XXSE<C-HWIODUVOZZrXe—IOTMMOUO®m>P
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Communicate with a Partner

Use Morse Code symbols to encode a short secret message. Trade papers with a partner to decipher
your message.

Morse Code Message #1:

Decode Message #1 into English

Morse Code Message #2:

Decode Message #2 into English

Morse Code Message #3:

Decode Message #3 into English

What makes it easy to read a message?

What was challenging about deciphering the code?
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Name: Name: Date:

Challenge: Design a circuit that can send coded messages to a partner over a distance

Requirements: Your design must be able to...
- Send accurate messages to a partner across a distance.

Use only the available materials from the materials table.

Design the circuit: Draw and label a circuit below that you will build to
communicate messages to a partner using batteries, wires, bulbs or buzzers, and
switches

Code: On the back of this page, write out your code.
- How will letters or words be represented?
- What is the translation into English (or another language you and your partner
know) so that your message can be understood by a partner?

Build it and test it out!:
Using materials available, build your circuit. Then practice sending and receiving
messages with a partner.
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Write your code in the blank space below or decide to use
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Name: Name: Date:

Who did we interview?

Peer Feedback: Using Circuits to Communicate

Directions: Pair up with another group. You will be interviewed by your new pair about your circuit and
secret code. Explain and present your circuit and demonstrate sending an encoded message. Evaluate the
pair’s design based on the engineering criteria.

Requirements: Evaluate the other team’s design using the criteria and placing an X in the
box next to each criteria based on how well it worked in their design.

Criteria 1® 2 3 4 ©

Send accurate messages
to a partner across a
distance.

Use only the available
materials from the
materials table.

Other criteria:

Other criteria:

Positive Feedback - What did they do well?

Constructive Feedback - What could they improve on?
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————  hirsty and hot, 12 elephants plod across

the fried African landscape. The water
hole is less than a mile away now, and

; ; e * P Family Gathering.
everyone in the herd is looking forward \Whea donyger (AR adgults huddle
to a good, long drink. Tired calves want to stop, close to protect theilr dalves:

but mothers and aunts nudge them along. The
older animals make soft, soothing noises. “We're
almost there,” they seem to say. “Just keep
walking.”

Suddenly everyone stops. Huge ears
stretch out like satellite dishes.
After a minute or two of what
seems like silence, the
animals turn and walk

away from the water hole
fast. As they go, the adults
huddle close to the calves.
So what happened? Why did
the elephants change their course?
They seemed to be listening to
something. Whatever it was, they got the

AQQA 0P ~o!l Ye . A TQ ar ]
message to flee! Yet human ears heard nothing. A Real Nose-y.
Elephants make plenty of sounds that humans With 50,000
can hear, such as barks, snorts, roars, and muscles, an
trumpet-like calls. Often a herd will use those elephant’s trunk

works like a
combination.of#
arm, hand, and

SECOND LANGUAGE fingers.

For years, elephants puzzled observers with this

sounds to talk with other elephants. But they
weren’t in the air this time.

type of behavior. But now scientists have solved the
mystery. They discovered that elephants have a
“secret” language for communicating over long
distances. This special talk is based on infrasound,
sounds so low in pitch that humans can’t hear
them. The sounds can travel several miles, allowing
the six-ton animals to keep in touch across
grasslands and forests in Africa or Asia.

To study elephant infrasound, researchers use
special equipment that can record low-pitch
sound waves. Another machine, called a
spectrograph, translates the recorded sound

waves into images, or markings, that we can see. 2 A -
4 The images stand for various messages. :
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Translating infrasound helps scientists begin
to understand elephant behavior. For example, it
turns out that the elephants heading to the
water hole may have heard warning calls
from another herd. Perhaps a lion
was slurping water and
looking hungry. The cat
would be no match for
an adult elephant, but
it might kill a calf. No
drink would be worth
that risk, so the herd
turned away.

~ g

Big Eater.
An adult can scarf down 300 pounds
of leaves and grass in just one day.

LONG=-DISTANCE CALLS

Elephants use infrasound to communicate
many types of messages over long distances.
Some of their talk helps hold families
together. To understand how this works, you
need to know a little about elephant families.
Females spend their lives with mothers,
sisters, and children. They form tight-knit

ABOVE/TOM AND PAT LEESONPHOTO RESEARCHERS TOP/BEVERLY JOUBERTNGS IMAGE COLLECTION

herds of 10 to 20 members. The oldest female
elephant—the matriarch—takes charge.
Males live with a herd until they are teenagers.
Then they depart, living alone or joining with
other males in a “bachelor herd.”
The members of a herd often
scatter over large areas to seek
food for their mighty appetites.

(An adult elephant can eat 300

pounds of grass and plants in

a single day!) Long-distance

calls let elephants know

where their relatives are. And
when the matriarch says,
“Come here!” the herd gathers
within minutes.

Like curious kittens, elephant
calves sometimes wander off and
get into trouble.
When that happens,
they cry for help.
Adults respond with
infrasound calls and
other noises: “It’s
okay. We’re coming to help you.”

Adult males and females often live far apart,
so they use infrasound to find each other at
mating time. Females mate only once every four
years or so. When a female is ready, she makes a
special series of calls. Males who hear the calls
storm toward her. Sometimes two or more
males battle fiercely for a chance to court the
female.

HEARING AID$

Elephants tune in to all this talk with their
large, powerful ears. An African elephant’s
ear can grow to be six feet long and four feet
wide (Asian elephants have much smaller
ears.) When straining to hear something, the
animal turns toward the sound and opens its
ears wide.

At the same time, the elephant may raise its
trunk to sniff at the wind. Elephants have a

A Trouble Ahead?
Lions sometimes attack
elephant calves, so this
elephant might warn
herds to stay away.
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WWF—Elephant Style.
Playful and social, young elephants make a
pair of Wild Wrestling Friends. Their muddy
coats block heat and flies.

keen sense of smell. Odors may help them
figure out what they’re hearing.

Elephants may have yet another way of
learning what’s going on around them.
Although scientists haven’t proved it, some
scientists think elephants can feel infrasound
as the sound waves travel through the ground.

DISTRESS CALL

Communication skills help Earth’s largest land
animals survive in the wild. But even these
skills can’t save elephants from extinction.

In 1997 Africa’s elephant population was
about 500,000. That may seem like a lot, but
there were 1.3 million African elephants in
1979. More than half of the elephant
population vanished in only 18 years.

How did this happen? Poachers killed
many elephants for their ivory tusks, because
ivory can be sold for a lot of money.

And a growing human population wiped
out vast amounts of elephant habitat to build
farms and towns. Elephants from these areas
wandered into human settlements. Some

'More Elephant Talk
Reunite a young elephant with its mother by answering questions about Africa’s

biggest talkers. You'll find the “Lost Elephant” game on the NATIONAL GEOGRAPHIC
FOR KIDS website at www.nationalgeographic.com/ngforkids/links.

elephants ate valuable crops and made some
farmers angry enough to kill them.

HOW WILL WE ANSWER?

Conservationists are working hard to save
elephants. Wildlife groups are trying to
persuade people around the world to stop
buying ivory.

Elephant supporters are also working with
African communities to maintain parks where
elephants can be safe and will not harm crops.
Some conservationists hope that tourists will
visit these beloved animals there. That would
mean jobs for local people, who would then
view elephants as a valuable resource to protect.

WORDWise

calf: the young of some large animals, st
as whales and elephants (plural: calves)

conservationist: a person who pro
natural resources

extinction: the end of an entire speqes? "4
habitat: the place where something Iwea »: g

herd: a group of one type of animal that 3
stays together

infrasound: sound so low that humans
can't hear it

matriarch: o female who leads a herd
pitch: how high or low a sound is '~°v~ 4

poacher: one who kills or takes wild
animals illegally ;

recorded sound waves into images
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