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This Lesson...What we are doing now: This is the first lesson in the series. Students will observe a perplexing anchoring event: When a sewing needle taped to a cone is dragged over the surface of
a plastic disc spun under it, voices and musical notes are heard coming from the cone. You will help students use the observations from this phenomenon to think about other sound-related
phenomena, which in turn will lead them to form a broader set of questions about sound to form the Driving Question Board (DOB). Then you will help students brainstorm ways for the class to

© |investigate these questions. These questions and ideas for investigations will motivate and guide the direction of many future lessons throughout the unit.

Lesson
Question

Phenomena

Lesson Performance
Expectation(s)

What We Figured Out (CCCs & DCls), New Questions and Next Steps

L1: How can we
hear so many
different sounds
from across the
room when we spin
the record?

3.5 periods:
(40 min, 40 min,
40 min, 20 min)

&

%

Building
toward

(]
NGSS PEs:
1-PS4-1
4-PS4-1
MS-PS4-1
MS-PS4-2
MS-PS4-3
MS-LS1-8
MS-PS3-5

When a sewing needle
taped to a coneis
dragged over the surface
of a plastic disc spun
under it, voices and
musical notes are heard
coming from the cone.

Other phenomena we
recall about sounds we
have or haven’t heard
from a distance

Develop an initial model
to describe phenomena
and unobservable
mechanisms (causes) that
help explain how we can
hear so many different
voices and sounds (effect)
from across the room
when we spin the record.

Ask questions that arise
from careful observation
of phenomena and gaps in
our current models to
clarify and seek additional
information about
patterns in sound-related
phenomena, and ask
questions that can be
investigated within the
scope of the classroom to
figure out how we can
sense so many different
sounds from a distance.

When spinning the record, we noticed that
] we could hear voices, words, and instruments playing songs coming
from the cone/record/needle apparatus;
the closer we were to the record the louder the sound was; and
the speed at which we spun the record affected some aspects of the
sounds we heard.
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We organized our questions into these categories:
° Q1: What causes different sounds?
° Q2: How do sounds move from a sound source to my ear?
] Q3: Why does the same thing sound differently for people in different locations?

Next steps: Now that we have a broad set of questions we want to be able to answer, we thought of possible ideas for investigations to
help us make progress on some of our questions. One idea we had was related to the needle and its interaction with the moving record.
We want to see the needle and the record up close where they are touching as sounds are being made.

Next Lesson...Where we are going: Because students will have suggested that we need to zoom in and get closer to the needle and the record or need to see it playing again to see what is going on, you provide
them a series of progressively more detailed inspections of the surface of a record and the needle interacting with it. You help students argue from evidence that the grooves on the record are causing the needle
to wobble back and forth in different patterns as the record is spun.
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EEXY

Getting Ready: Materials Preparation

Materials for Each Student Preparation of Apparatus (30 min)
e Lesson 1 Student Activity Sheets e Watch Lesson 1-Tutorial Video-How to Build the
e Student Incremental Model Tracker (1) Record Player. It will show how to put these
e Index cards or index card-sized sticky materials together to build the apparatus shown
notes (1 or more) on the right.
e Dark marker (1)
e Lazy Susan
e Hot glue gun
e Record
Materials for the Whole Class ° DlSSBCt-IOl‘l needle or sewing needle
e Push pin
e Chart paper for the creation of posters * Heavy coffee cup
. e Paper plate
e Push pins or tape ;
. e Scissors
e Lesson 1 - Discourse Sentence Stems e Ruler
e Tape (packing tape recommended)
o The Video of the Anchoring Event shows how to operate the apparatus so that it plays the

sounds recorded on the record. Notice that the angle of the needle to the record player is about
45° and the record is spun in a clockwise direction. Place the cone at a 90° angle to the record.
In other words, if you were to draw an imaginary line from the center hole of the record to the
needle and then from the needle through the middle of the cone, it should form a 90° angle.
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Preparation of Driving Question Board (DQB) and Chart Paper Posters (15 min)

e Make a space for a driving question board that is easily accessible for
students. Ideally the DQB should be in a space where students can gather
chairs around it and walk up to it to reach any part of it. They will need to
periodically go up to the DQB (over the course of the unit) to post their
questions and look at the questions that are posted there. You can use a large
poster board or a large sheet of chart paper to make the DQB. At the top of
the poster write the unit question, “How Can We Sense So Many Different
Sounds from a Distance?”
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e You will need to be able to refer to the “Ideas for Investigations” poster on
chart paper to check off the ideas that the class pursues as they start or finish
them. You will also want to add new ideas to the paper as students come up with them, so additional pieces of chart paper
may be needed.

e Examples images of these first two posters are found to the right.

e Prepare four more pieces of chart papers with these titles:

o Observations (Another option is to use the board or a digital document.)
o Initial Questions

o Initial Ideas for Investigation

o Initial Consensus Model

e Ifyou don’t already have discourse stems posted in your room, print a copy of Lesson 1 - Discourse Sentence Stems and post them in a prominent space
in the room to refer to (e.g. next to the driving question board or where ever you will meet for your Scientists circle discussions)
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Another Example of a Driving Question Board
(In this example, the class categorized their questions in relation to the three parts of the initial model they developed in Lesson 1
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<> Getting Ready: Teacher Preparation

Background Knowledge for the Alternative Student Conceptions
Teacher Only

Many students will have no knowledge of how the homemade record player works.

If you are unfamiliar with how a record
player works, don’t worry. Except for
logistics of getting the record player to
make sound, there is no background needed
to do this lesson. You can learn along with
the students. Here are some basics, but
remember not to share this background
knowledge with your students, because it
will be discovered in subsequent lessons.

For example, students may not know that the record has little grooves on it that the needle gets placed in,
or that the grooves are a big spiral so if you placed the needle on the outside of the record and let it play all
the way through, it would end up in the middle. Instead students might think that the lines on the record
are like concentric circles, or they might not notice the lines at all and think they are just shiny parts of the
record. Be careful not to let your knowledge with record players slip in this lesson.

Allow those questions to surface. Don’t answer them yet. Keep track of them on an initial question board
or capture them as ideas to investigate.

Every record has grooves on it that contain Even if students’ models show waves or if kids think they get it, keep pushing through vocalizing

unique information for the song being wonderings on behalf of the class, for example: | wonder—what really ARE waves? I can’t see them, how
played. The grooves are in a spiral shape on would I figure out what is actually going through the air? How does sound actually MOVE from somewhere
the record, so if you put the needle in an near the needle and record to our ears? What's making it move? How do our ears know what we are
outside groove, and let it play, it will hearing? How do they pick up the sound?

eventually make its way to the center of the

record once the album is done playing. The Remember not to let words or representations in students' models signal a false alarm that they

purpose of this lesson is to set the understand how sound works on a deep, mechanistic level. It is highly unlikely at this point in the unit that
groundwork and trajectory for everything students are thinking of the waves as emergent phenomena that are a result of how particles of matter

that follows in the unit. The modeling work interact with each other. It is far more likely that they heard about sound being a wave, or read about it, or
that will be done does not expect any prior have seen an icon on their stereo or phone that is a wave-like representation. Even when students are
background knowledge. The point is to pretty certain that they have heard many people refer to sound as a wave in the past, there are a whole slew
problematize that we don’t really know how of new questions that should emerge: How would we gather evidence for that claim? How could we test or
sound works. detect these kind of waves? What is making them? Why is it a wave and not something else?
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Learning Plan: How can we hear so many
different sounds from across the room
when we spin the record?

3.5 periods:
(40 min + 40 min +

40 min + 20 min)

Day 1

1. (5 min) Inform students, “I am going to show you an interesting phenomenon today. In order to
observe it carefully, we are going to need to move to a different part of the room.”

Direct students to take out their Student Activity Sheets and bring those with them as they stand
around the record and needle device. Tell students, “I am going spin the disc here on this device,
and I want you to pay attention to what happens. Make sure to watch and listen carefully as you

observe this phenomenon.”

To operate the device, use your finger to press lightly (apply a bit of pressure) on the record and
turn the record at a steady speed (about one full turn every 2 seconds). [§ If students want to try to
operate it, tell them they will have a chance to try in a couple of minutes, but they should just
concentrate on observing this first time.

Now briefly discuss with students what they observed as you were spinning the record. Most
students will talk about what they heard coming from the record. Take a brief moment to probe a
bit deeper into just a few of these observations to build a sense of mystery. ﬁ

Now say, “Ok. We have some different ideas about what kind of noises were coming from the
device. I'm going to operate the device one more time while you observe what happens. You will
also have a chance to try to operate the device after you observe for a second time. Then you will
go back to your seats and write down your observations.”

Operate the device again as you did earlier, but this time increase the rate of the spin a little above
the original rate suggested above. Then decrease the rate of spin a little below that original rate.

<> Teacher Supports & Notes

Additional Guidance

The angle of the needle arm and
record is important. The direction that
you spin the record is important also. The
Video of the Anchoring Event shows you
how to do this.

Strategies for this Sharing Initial
Noticings Discussion

Q

E For instance, if a student says “I heard
weird noises coming from the device,” ask
them, “Wait—you heard noises? What
type of noises were coming from the
device? What do you think the noise
was?” Many students will say something
like voices or music. Some students may
not be quite sure. You can say things like,
“You heard voices coming from this thing?
Did anybody else hear voices or words?
Whoa—interesting.”

These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty
Moore Foundation, and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern
University.

@ nextgenstorylines.org

This work is licensed under a Creative Commons Attribution

4.0 License http://creativecommons.org/licenses/by/4.0/

:


http://creativecommons.org/licenses/by/4.0/

Lesson 1: How can we hear so many different sounds from across the room when we spin the record?
Middle School Unit: How Can We Sense So Many Different Sounds From a Distance?

Teacher Guide v2.1
Feb. 2018

Follow this by returning to the original rate (one full turn every 2 seconds) or fast enough until the
music and voices are heard clearly. If students want to try as well, you may want to allow some
volunteers to spin it. If students spin it at different rates, that is fine. You may also want to lift the
needle and move it over to another part of the record and spin it again.

Have students record their observations at this point on their Student Activity Sheets.

2. (20 min) Tell students, “Now we are going to share our observations. We are going to start by
having you share your observations with each other in your small groups.” .

Have students work on this in small groups. While students are discussing their observations,
walk around the room and listen to their discussions. Where needed, use questions to help
students dive deeper into their observations. Do this only when a group is having a hard time
getting a discussion started. Use your discretion to determine how long the discussions should
continue before moving on with the lesson. Here are some suggested prompts you can use to start
or fuel the discussions:

Suggested Prompts:
What did you hear when we spun the disc (record)?

Could you hear words or voices? What did they sound like?

Could you hear different notes or instruments? What did they sound like?

Where did it seem these sounds were coming from?

Was it easier to hear these sounds by standing in some places over others?

Did you notice anything different about the sounds when we spun the record faster vs. slower?

\ 200 2 2 K 2 7

As students are discussing in their groups, listen for student responses such as:

=> We could hear voices, words, and instruments playing songs coming from the cone/record/needle
apparatus when we spun the disc (the record).
=> The closer we are to the record, the louder the sound is.

Supporting Students in Listening
& Speaking in Small Groups

Some classes will benefit with
guidelines for sharing and discussing in
small groups to help them become better
listeners.

One way to support their growth in this
area is to make the speaking and listening
routine explicit in small group work. Here
is one strategy to support that:

Use a slide (attached resource) to post
discussion expectations. Say, “Now, we are
going to share our observations in small
groups. Before we do this, we will have to
follow some guidelines for sharing and
discussing.” Review the slide with them.
Then say, “Now in your groups, I want you
to share your observations with each
other. While you are sharing your
observations, search for things your
observations had that were alike and
different. You may now begin to share
your observations. Remember to use the
guidelines. I will come around to just
observe some of your discussions.”

@ Classroom Artifact
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- How fast you spin the record affects some aspects of the sounds we heard. BN Here is an example of the
observations from a 6th grade classroom.

After students are done sharing in their groups, have them pick one member from their group to
share an observation from their discussions with the whole class. Make sure to record these ——m—
observations on a piece of chart paper you have prepared, on the board, or in a digital document
(like a PowerPoint slide or Word document) to display as students share them. For each
observation ask the entire class if other students also had a similar observation in their groups. ﬂ
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In order to capture initial questions and ideas for investigation, take stock of any questions and '

ideas students may have at this time. You may want to record these questions on the chart paper
titled, “Initial Questions.” These early ideas for investigation can be recorded on the chart paper
titled, “Initial Ideas for Investigation.” This can be done simultaneously with the observations if
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=> Turn and talk for 1 minute to the person next to you about any questions that person might be
thinking about. Then I'll record them on our chart paper.
=> Turn and talk for 1 minute to the person next to you about any ideas that person might have A
regarding anything we could investigate further to help answer our questions. Is there anything
you would like to try out with the record player? I'll record those ideas on chart paper.

Differentiation Support

E Sometimes teachers report that their
class does not bring up checking out the
record more closely after this initial
exploration of the record player
phenomenon. So in order to capture this
=> Why does the music sound like chipmunks? Are those shiny things on the record lines? Someone said | idea on a public record, we suggest asking
they are grooves—are they grooves or bumps? Does the needle “hop” to the next song? How doesit | for initialideas for investigations now.
get to the next song? Even though students really might want to
= Let’s see the record up close. Watch a slow-mo video of the needle on the record. Spin the record do all these other investigations right now,
don’t allow them to do so—keep their

Listen for student responses such as:

= Yeah! We want to get our hands on the record player.

7 H These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty This work is licensed under a Creative Commons Attribution
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backwards. Listen to other records. Put the needle on other parts of the record. Play a song or the curiosity peaked. This may seem

whole record all the way through and watch the record. counterintuitive, but if you allow them to
satisfy all their curiosity upfront, they

might lose momentum and not engage with
the subsequent materials with the same
interest or vigor.

Suggested framing:
These questions and ideas are great. Our goal right now is to keep coming up with questions and ideas to

investigate for the rest of the unit. So we will be adding to both of these lists throughout the next couple of
days.

3. (15-20 min) Tell students, “So we all heard the sound coming from the needle and the record,
and we noticed all these interesting patterns in the observations. But now this makes me wonder,
how does this happen? How is it possible we can hear all these different sounds from across the
room? We should model what we think is happening that could help us answer those questions.
Turn to the Making Sense section of your Student Activity Sheets. Draw your ideas here of what
you think is happening where the needle touches the record, and what is happening in the air

between the sound source and your ear that would really help show and explain how is it possible
we can hear all these different sounds coming from this thing from across the room? Don’t forget
to label everything in your model.”

While students are drawing their models, walk around the room and quietly ask probing questions
about a few of their drawings if you aren’t seeing labels.

Suggested Prompts:

=> What did you draw in the space between the sound and the air? Can you label that?
=> Where is the sound coming from in your model? Can you label that?

-> How are you showing the sound moving to your ear? Can you label that?

=> What do these represent? Can you label that?

@ Additional Guidance
Have students turn in their Student Activity Sheets so that you can look through their models

before Day 2. This will give you time to select some models for students to share during the next .
class Select models that are very different
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Day 2

4. (15 min) Pick three or four students with different models to come up and show their models to
the class. When they come up, they should explain all the elements in their models. Use probing
questions simply to get them to articulate each piece of the model to the class.

After each presentation, ask students to look at their own models and the one that was just
presented to find similarities and differences among them. Keep track of these on the board. If
something is repeated several times that’s important, emphasize that to the class. “ When all
three or four presentations are done, analyze all the similarities in the models and have students
write these in question 1 of their Student Activity Sheets. While they are writing the similarities
and differences, lead a brief discussion using the following prompts:

Suggested Prompts:
=> What did you notice was similar across all the models?

=> What did you notice was different across all the models?

Listen for student responses such as:

=> We noticed that each person showed something happening where the needle touched the record.
= We noticed that each person represented sounds traveling from the sound source to the ear.

=> We noticed differences in how the sound was produced.

= We noticed differences in how people represented how the sound travels or what the sound was.

5. (12 min) Tell students that in a few minutes you will be passing out a copy of the Incremental
Model Tracker sheets to everyone. Let them know that we will use this sheet to keep track of the
important ideas we come to agreement on in our investigations we design and pursue.

These are the type of student responses related to what is similar.

from one another. A diversity of ideas in
the models will help open up new
possibilities in student thinking in the
class. We often see questions that end up
on the DQB that come from new ideas
raised in discussion about these models.

ﬁ( Differentiation Opportunity

Based on your group of students,
instead of taking class time to capture
initial questions and ideas for investigation,
you can assign this for home-learning at
the end of the first day:

1. What questions does this raise for you?
2. What ideas for investigations do you
have?

Share out at the start of the next day. This
might work best with students who have
had prior experience working
independently to generate ideas for
investigations.

Q

The purpose of the questions is simply
to get the students to articulate parts of the
model that may be in their heads but not on
paper. Don’t evaluate whether the
elements should or shouldn’t be there. Just
help them talk out loud about everything
that is in their model, and if they say
something that isn’t clearly shown in the

Strategies for this Sharing Initial
Ideas Discussion

These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty
Moore Foundation, and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern
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=» The sound comes from a sound source somewhere (e.g., the needle and the record device).

=» In order to hear a sound, we need a sound source and an ear (or detector that picks up sound).
=» Sound travels across a distance from the sound source to our ears.

=» Optional: You have to move or push the disc in order to produce a sound.

These are the type of student responses related to what is different.

=» WWe are not sure exactly what is happening where the needle touches the record.

=> We are not sure where the sound is exactly coming from.

= We aren’t sure about how to represent what is exactly happening in the space between the sound
source and our ears, even though we know the sound is traveling through that space.

If students are having a hard time coming to consensus about one of the statements above, use
probing questions like:

-> What is necessary to hear different sounds from across the room? Think about the things all of
your models have in common.

=> How did the sound get to our ears?

=> Would the sound have been made without the needle touching the record?

—
- M

As students come to agreement on these points, draw @ -~ eor/detector
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everything that students agree upon. Include e T Samds
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questions marks on the areas where we had lots of :
different ideas and weren’t in consensus yet. In these

models there should be a question mark at the sound source (we aren’t sure what exactly is

happening that causes a sound to be produced) and a question mark on the arrow from the sound

source to our ears (we aren’t sure about how to represent what is exactly happening in the space

between the sound source and our ears, even though we know the sound is traveling through that

space). You will eventually place this initial consensus model on the DQB.

model, push them to say where in the
model it shows that or what they would
change or add to the model to show that
idea.

For instance, if a student draws lines going
from the spinning disc to the ear, ask the
class if anyone else had similar paths or
shapes as that student and why they think
it’s important to show that part of the
model. If something is brought up that is
not important, have the class analyze that
part of the model to determine that it’s not
important. For instance, if someone draws
perfume in the air with the sound waves,
ask the class if perfume really affects how
sound travels and if you can still hear
sound without perfume.

@I Classroom Artifact

ll Here is example of a teacher having this
conversation with her class. Notice that the
teacher has gathered her students in a
Scientists Circle. This arrangement is used
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After agreeing on this consensus model, pass out the Incremental Model Tracker sheets to students

and have them record the information below in the first row.

Lesson Date Part of the What We Figured Out That We Added to Our Model
Model
1 There are 3 | In order to sense sounds from a distance we @ ey
Sok
parts to our | need caie ear/detector
model. A. asound source;

- 0 =
B. an ear (or other sensor/detector); and e T ) o s S

C. sound traveling from the sound source to
our ears, a sensor, or some other detector.

6. (5-8 min) Ask students to think about examples of other times when they heard a sound or
noise. Tell them to write down a brief description of a time they can think of when a sound was
made. Encourage them to come up with ones that make them wonder why or how that happened.
Have them record these in question 3 of their Student Activity Sheets under the Next Steps section.

After they have finished writing, ask for a few students to share their experiences. As they are
sharing, emphasize that those phenomena are really interesting and they are making you think of
lots of questions.

7. (3-5 min) Tell students to write at least two individual questions they have related to sound and
how we hear different noises in question 4 of their Student Activity Sheets under the Next Steps
section.

Day 3

8. (5 min) Before class begins, be sure to have the Driving Question Board set up in the room.

strategically in lessons across the storyline,
when the class is coming to consensus on a
set of ideas they figured out:

Additional Guidance

Use color coding and letter coding to
foreground the three parts of the model (A,
B, and C) as you will be referring to these
across the later lessons in the unit in the
Incremental Model Tracker sheets.

Color coding is a useful way to quickly
reference the part of the model we are
referring to, but letter coding as well helps
ensure accessibility for any student who
may be colorblind.

@I Classroom Artifact
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Place the initial consensus model in the center of the DQB. After students arrive, ask them to look
back at the questions they jotted down last time on their Student Activity Sheets. Tell them to
review their questions and pick the most compelling or interesting question to them that they
want to contribute to the class DQB. If they have a new sound-related question they have thought
of since last time, they can write that one down instead.

Tell students to write their initials (of their name) in the front corner of their index cards (or index
card-sized sticky notes) in pencil and to write their questions using a dark marker so they are big
and bold. Remind students that we want to be able to see the questions so they need to be large
enough to haunt us over the weeks to come when we come in the door to class. We want to
remember it is part of our mission to try to answer those questions.

Instruct students that when they have their index cards or sticky notes ready, they need to bring
them along with chairs to meet in a Scientists Circle |3 around the space for the DQB.

9. (30 min) Review with students that they will each be posting one question on the DQB. You will
select the first student (or ask for a volunteer) in the process. In this Scientists Circle, they will be
following the protocol below.

Suggested Directions:
1. The first student I select will come up to the DQB, face the class, and remain standing.

You will read your question and then post it on the DQB near the section of the model it is most
related to. (If you, the teacher, feel you need to review the parts of the initial consensus
model, continue by saying, Does it belong in Part A of our model, because it is mostly about the
sound source? Or Part B, because it is related to what is traveling from the sound source to our
ears, a sensor, or some other detector? Or Part C, the ears, hearing, senses, or detectors of sound?
If you think your card goes in between two categories such as both A and B, or both B and C, you
may put it somewhere in between. And if you aren’t sure, then you will place your card toward the
bottom of the model.)

The DQB should be centrally located
in the classroom so that it can be
referenced throughout the unit. Here’s an
example of questions as they were being
posted from a 6th grade classroom (yellow
cards are from first period, pink cards are
from second period):
N

Additional Guidance

You will form a Scientists Circle in
many future lessons as well. Setting up the
norms and logistics for forming, equitably
participating in, and breaking down that
space is important to do if this is your first
time forming such a space. Having
students sit in a circle so they can see and
face each other can help build a sense of
shared mission and community of learners
working together. Returning to this
Scientists Circle throughout the course of
the unit to take stock of what the class has
figured out and where they need to go next

7 H These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty This work is licensed under a Creative Commons Attribution
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3. Once you have posted your question, then you select the next student from among your classmates
who have their hands raised.

4. So then you, Student 2, will come up to the DQB, face the class, read your question, and post it on
the DQB near the section of the model it is most related to. Then you will select the next student
from among your classmates who have their hands raised.

5. This process continues until everyone has had a chance to post a question.

6. There will be an additional step to follow beginning with Student 3 or 4 and continuing with all
remaining students.

7. You will each need to explain whose other question (already posted on the board) your question is
related to and why or how. m

Emphasize that we need to hear from everyone, because we would like to conduct a joint mission
that reflects what the entire learning community wants to figure out. Tell students that when we
get down to the last people who haven’t shared, we may need to help them find a way to connect
their questions to those already on the board.

10. (5 min) For home-learning, have the students complete question 5 on their Student Activity
Sheets. “ They should think of two or more activities or investigations that the class could pursue
together that might help answer some of the questions they heard placed on the DQB today.

Day 4

11. (17 min) Ask students to meet again in the Scientists Circle with their chairs around the DQB,
bringing their investigation ideas from last night's homework with
them.

Put up the poster titled “Ideas for Investigations” next to the DQB to
jot down these new ideas. As students are sharing their ideas,

will be an important tool in helping the
class take on greater agency in steering the
direction of their learning. This circle will
also help build a sense of pride in their
work. You may want to inform students
that professional scientists collaborate
with each other to brainstorm, discuss, and
review their work also.

Strategies for this Building
Understandings Discussion.

m If a student forgets to explain why or
how it is linked to someone else’s question,
press that student to try and talk through
his or her own thinking about this out loud.
This is a key way to emphasize the
importance of listening to and building off
each others’ ideas and help scaffold student
thinking.

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

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

These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty
Moore Foundation, and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern
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underline repeated statements to keep track of common ideas among students. If students didn’t
suggest looking up close at the needle and record, lead them to this investigation idea by asking
them what they think it is regarding the structure and function of a record that makes it play
different sounds. An example is shown to the right.

For any ideas that are in the form of drawings, encourage students to hold them up to share with
the class as they explain their sketches. You may want to tape these drawings on the Ideas for
Investigations poster.

Emphasize that the list is our action plan of what we want to do that we think might help us answer
our questions. We can add to this list and our DQB throughout the unit as we go. ﬁ

12. (3 min) Tell students, “We have ideas for investigations and lots of questions that are linked
together. We know that answering any one of our questions can help make progress on the rest of
our questions. But we don’t have a place to start. Let’s take a moment to look back at our
questions and ideas we posted on our model on the DQB and the Ideas for Investigations poster.
What part of the model does it make most sense to explore first and why?”

Listen for student responses such as:

= We should start with investigating the sound source, because we agreed that you need that in order
to produce a sound and that is where it comes from.

= And we need to figure out what is going on there first, because we would need to understand that in
order to understand how sound travels to our ear.

=> And then after we understand those things, we can look at how it travels, and then we should look at
how our ears work last of all.

Suggested Prompts:
=> If we think we should start by looking at sound sources first, and we had lots of ideas of sound

If a question is similar to (or the same as)
another one, have the student place it on
top of the question that is similar so other
students can visually see how many of the
questions are the same or related.
Emphasize that this provides us evidence
of where many people are thinking about
similar things.

Additional Guidance

Do this even if you ran out of time that
day to hear from all of them. You can
return to the question posting first thing on
the next day, and then have students add
some additional ideas for investigations to
the end of their Student Activity Sheets at
that time. Two rounds of brainstorming
ideas for investigations can’t hurt if
needed.

ﬁ( Alternate Activities

ﬂ The existing storyline is designed to
target the typical range of 75% to 90% of
the questions that students raise in the unit
and over half the ideas they come up with
for investigations. If students come up
with a new idea for an investigation that
gets at a core idea, consider altering the
storyline to include it. Or you can use it as
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sources to look at, which sound source started us down this path of wondering about everything an enrichment investigation at the end of
else related to sound? the unit.

=> Why might it make sense to look more closely at that sound source for clues to figure out how
sound is produced?

Listen for student responses such as:

=> The record and the needle.
= Maybe if we figure out how that works, it will help us figure out how other sound sources work.

Emphasize to the class that we have just accomplished something very big. Summarize each of the
following points:

e Qur class has crafted a very broad mission and action plan that every member of our learning
community contributed to.
We have a large set of questions we want to answer on our DQB. That is our joint mission to
accomplish for weeks to come.
We have ordered the questions based on our initial model, so we have a principled reason to move
through our questions in a certain order. But we also linked all the questions to other questions
when we posted them, so we know that every question we pursue will help build important ideas
to help answer other questions as well.

We have a list of possible investigations to pursue, which we can draw from as an action plan in Additional Guidance
future lessons for ideas.

And we have proposed a first investigation to pursue to get our work started that is linked back to
our initial model, which is to look more closely at this record and needle system.

So let’s get started. E

ﬂ This lesson is estimated to end
halfway through Day 4 of the launch of the
unit. The next lesson is estimated to be 1.5
days long. So start the next lesson if you
have at least 10 minutes at the end of Day
4, because there are multiple phenomena
that students will be investigating in that
next lesson, and looking at even one or two

i These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty This work is licensed under a Creative Commons Attribution
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of them at this point will help you adjust
the time of that lesson, so it still can wrap
up after one more day.

i These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty This work is licensed under a Creative Commons Attribution
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M Alignment With Standards

Building Toward Target NGSS PE Building Toward Common Core Standard(s)
e 1-PS4-1. Plan and conduct investigations to provide evidence that vibrating Comprehension and Collaboration:
materials can make sound and that sound can make materials vibrate. CCSS.ELA-LITERACY.SL.6.1
Engage effectively in a range of collaborative
e 4-PS4-1. Develop a model of waves to describe patterns in terms of amplitude discussions (one-on-one, in groups, and teacher-led)
and wavelength and that waves can cause objects to move. with diverse partners on grade 6 topics, texts, and
issues, building on others' ideas and expressing their
e MS-PS4-1. Use mathematical representations to describe a simple model for own clearly.
waves that includes how the amplitude of a wave is related to the energy in a
wave. e (CCSS.ELA-LITERACY.SL.6.1.B Follow rules
for collegial discussions, set specific goals and
e MS-PS4-2. Develop and use a model to describe that waves are reflected, deadlines, and define individual roles as
absorbed, or transmitted through various materials. needed.
e MS-PS4-3. Integrate qualitative scientific and technical information to support ® CCSS.ELA-LITERACY.SL.6.1.C Poseand
the claim that digitized signals are a more reliable way to encode and transmit respond to specific questions with
information than analog signals. elaboration and detail by making comments
that contribute to the topic, text, or issue
e MS-LS1-8. (Partial) Gather and synthesize information that sensory receptors under discussion.

respond to stimuli by sending messages to the brain for immediate behavior or
storage as memories.

e MS-PS3-5. (Partial) Construct, use, and present arguments to support the claim
that when the kinetic energy of an object changes, energy is transferred to or
from the object.
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Middle School Unit: How Can We Sense So Many Different Sounds From a Distance?

Previous Lesson...Where we have been: Students kicked off the unit in the previous lesson by observing a perplexing anchoring event. Their observations about this phenomenon, their attempts to explain it, and
brainstorming other hard-to-explain sound-related phenomena, led them to form a broader set of questions about sound to form the Driving Question Board (DQB). Students brainstormed ways for the class to
investigate these questions; One common suggestion was the desire to see the record up close or see it playing again.

<

This Lesson....What we are doing now: Because students will have suggested that we need to zoom in and get closer to the needle and the record or need to see it playing again to see what is
going on, you provide them a series of progressively more detailed inspections of the surface of a record and the needle interacting with it. You help students argue from evidence that the grooves
S, | onthe record are causing the needle to wobble back and forth in different patterns as it is spun.

Lesson
Question

Phenomena

Lesson Performance
Expectation(s)

What We Figured Out (CCCs & DCls), New Questions and Next Steps

L2: What does
the record look
like up close?

1.5 periods:
(40 min + 25 min)

&

“Lovm 1f @

Y

clocer W diee

Building
toward

4
NGSS PEs:
1-PS4-1
4-PS4-1
MS-PS4-3

A video of a record
playing a longer song
shows patterns in the
motion of the needle
across the record
surface.

A magnifying glass and a
piece of a record reveal
some patterns in the
record structure.
Looking at V 7
pictures of / ;

the record

surface

under the

microscope reveals
patterns in the
structures on its surface.

Watching an electron
microscope video of a
needle on a record
player reveals patterns in
how the needle moves in
relation to the structure
of the grooves.

Analyze and interpret
data after feeling the
surface of the record,
looking at it with a
magnifying glass, and
observing a microscopic
view of the record and
needle interacting to
provide evidence of
(phenomena) how the
structure of the record
causes the needle to be
pushed to move back and
forth in different patterns,
and as a result (effect), we
heard different sounds
being produced.

After looking at a piece of the record up close, we noticed some patterns in its structure:
. The record appeared to have lines that form circles around the record.
. When the record played a song, the needle appeared to move from one line to the next.

This led us to argue that when the record was spun, these lines (structures) caused the needle to follow
them in a spiral around the record, and different lines made different parts of the song (or different

songs) play.

We brainstormed and generated a new idea: Maybe there is something different about the structure of
lines that would explain why the record sounds different in one groove (or one part of it) as compared
to another groove.

This led us to argue that we needed to zoom in closer to look for any visible structural differences in the lines.

We noticed some interesting patterns from the electron microscope images:
. The lines on the record are actually grooves that have a wavy structure along their edges on some parts of the record surface.
®  The pattern of the wavy structure varies along a groove and between grooves.
e  The needle moves back and forth as it moves along the grooves.

This led us to propose a structure/function relationship connected to a cause and effect:
. The structure of the grooves causes a push (force) on the needle in different directions as the record spins.
o  This generates an effect: The needle is moved back and forth in different patterns.

We argued that maybe this moving back and forth in different patterns is what is causing different sounds.

Next steps: We have a new question we want to investigate. Do other objects that produce music also move back and forth when they are
making sounds? To investigate this question further, we want to look at instruments more closely when they are making sounds.

Next Lesson...Where we are going: Students will feel the surfaces of various musical instruments after another person strikes or plucks them. Then they will analyze slow-motion videos of those instruments
when they are struck or plucked. You will co-construct a way to represent the shape changes they observe in these instruments over time, as well as a model for what is causing these changes in one of the
instruments (the drum). Students will apply this model to account for what they observed in another instrument.

@ nextgenstorylines.org
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[Z] Getting Ready: Materials Preparation

Materials for Each Student For the Whole Class
e Lesson 2 Student Activity Sheets e Sticky notes
e Student Incremental Model Tracker (partially o To project with sound on a computer monitor or a screen:
filled out from Lesson 1) o Use the following YouTube videos:

m L2 -Video 1 - Michael Jackson Thriller Tracking the Needle on the Vinyl
(show only 19:47 to 22:20)
e https://www.youtube.com/watch?v=ova gsOGRG4&t=1339s

Materials for Partners m L2 -Video 2 - path of the needle in a vinyl LP under the microscope
e  https://www.youtube.com/watch?v=yUDclk]pMfo
e Record o L2-PI-Microscope Photograph of Record Surface (to project)

e Magnifying glass

@ nethenStOI’y| | nes. Ol’g These materials were developed with support from the Michigan Department of Education; the Gordon and Betty Moore This work is Ii(:erTsed under a Creative Cqmmons Attribution 22
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<> Getting Ready: Teacher Preparation

Background Knowledge for Teacher Only

Vibrating matter is the cause of all sound. In the case of the record
player, the needle is dragged through a variety of bumps and valleys
that cause it to vibrate. These vibrations generate the sound that is
then amplified via a speaker. Over the course of the coming lessons,
students will discover that vibrating matter makes sound, and they
will use their experiences in Lesson 2 to continually apply this
understanding to the anchoring event.

This lesson helps students start seeing how the structure of the
record may be encoding information for different sounds. The
evidence they collect in this lesson will be used again in the last
lesson of the unit (lesson 23) as students explain how so many
different sounds were recorded in analog form on the record’s
surface and compare this to digital recording methods that they
learned about across prior lessons.

@\v nextgenstorylines.org
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Alternative Student Conceptions Linking Our Understanding

to Scientific Terminology

At this point, students may have a

variety of ideas regarding how the e Magnifying glass
needle and the record create sound. e Microscope
They may also be unsure how the

discoveries of Lesson 2 can be

generalized. This will be cleared up

during further explorations in Lesson 3.

This work is licensed under a Creative Commons Attribution @ ®
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&' 4 Learning Plan: What does the record look 1.5 periods: &> Teacher Supports & Notes
like up close? (40 min + 25 min)

L |

1. (5 min) Shift to starting the first investigation. Tell students that we will begin some of these @ Classroom Artifact
investigations today. Emphasize that one of the ideas they shared was to zoom in even closer to the

record. Put a checkmark on a sticky note and put that note on the relevant part of the Ideas for Here is an example of a teacher doing
Investigations poster, emphasizing that we are going to do what the class suggested, but that you this with her class. She is putting up check

are wondering how we would do that. marks as students get ready to pursue (or
complete) an investigation from their list.

Suggested Prompts: N T
=> What questions did we have about the record?
=> What tools would we need or want in order to inspect the record more closely?

*Jogem ™ 41’) P,.z 0}5{

- 5]o- mofn gidooc

0 okt — do bt s
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Listen for student responses such as:

-> We wondered what the record and the needle were doing. We wanted to zoom in.
= A magnifying glass or microscope might also be useful.

Tell students, “Let’s start looking into some data sources.” Tell students we will start with a video
. . . . Alternate Activities

of the needle on a record player so they can see it a little closer up and then shift to looking at a A

piece of the record with a magnifying glass for them to inspect themselves. ﬁ Have students fill in

the data source column for A and B in their Student Activity Sheets to keep track of what they will
be looking at:

E You can break up a record into small
pieces for students to look at if you don't
have a lot of extra records. If you have only
one record (the one that was used for the
anchoring phenomenon), you could have
students come around that. Ask three or
four students using magnifying glasses to

B) The surface of a record under describe what they see to the whole group.
a magnifying glass

Data Source Observations

A) A video of a record playing a
Michael Jackson song
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2. (5 min) Tell students that you will start with data source A. Show only minutes 19:47 to 22:20 of
this video: https://www.youtube.com/watch?v=ova qsOGRG4&t=1339s

Direct students to focus on what is happening to the needle and record as the song plays. As they
watch the video, students should record their observations of the needle and the record from the
start to the end of the song in row A in the table on their Student Activity Sheets.

Now drag the speed slider on the video to scrub through the images quickly (or press the right
arrow on the keyboard to fast forward through the video). This will allow students to see the
motion of drift of the needle position as the record plays.

3. (5 min) Then switch to working with data source B.

Tell students that they will have 5 minutes to make another set of observations.

Pass one record piece and one magnifying glass to one person from every group of two or
three students.

Collect the record and the magnifying glass after a few minutes.

Give students a couple of minutes to briefly discuss what they saw and record their
observations in row B in the table on their Student Activity Sheets. As students are
recording their observations, walk around and ask probing questions when appropriate.

Ve neX’[genstory“nes org These materials were developed with support from the Michigan Department of Education; the Gordon and Betty Moore This work is licensed under a Creative Commons Attribution ®
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E. After 5 minutes, collect records and magnifying glasses.

ﬁ& Alternate activities

Sharing ideas verbally with an elbow
partner is the most time-efficient way to
brainstorm some initial ideas before
looking at the next set of phenomena. The
space on the bottom of the Student Activity

4. (5 min) After the observations for Part 1 are completed, have students share their ideas for the
question in the Making Sense section of their Student Activity Sheets for Part 1 with a partner or
in small groups. After this brief discussion, bring students together to summarize the patterns they
noticed in this phenomenon.

Suggested Prompt:
=> What patterns did you notice?

Listen for student responses such as:

= When the record plays a song, the needle appears to move from one line to the next.
=> The record appears to have lines that make a spiral around it.
=> The lines are like a track that the needle follows.

Suggested Prompts:
=> So why do different parts of the record play different sounds or songs when the needle is on it

and it is spun around?
-> How could we investigate this further?

Listen for student responses such as:

=> Something about those lines must be different.
= Ifwe could zoom in more, maybe we’d see something different about the lines.
=> (Can we look at the surface of the record to see those lines under a microscope?

Sheets is provided as optional support for
students who need time to stop and jot
their ideas down before talking with a
partner, but may not be necessary to do for
some classes or students.

As students are sharing their ideas, walk
around to make sure they are connecting
the rough parts of the record being
scratched by the needle to the sound being
produced. If they are not connecting the
needle to the record in this manner, use
probing questions to help them make the
connection.

Some examples of probing questions that
can be used are as follows:
e So do you think the needle is
important to making the sound? Why?
e What would happen if there was no
needle, and the record was just
spinning alone? Why?

@ nextgenstorylines.org
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5. (15 min) Have students record the name of this data source in row C of their Student Activity @ Classroom Artifact

Sheets.

Data Source

Observations

C) A photo of the surface of the
record from under a microscope

D)

Show L2-PI-Microscope Photograph of Record Surface projected to the front of the room. Explain

that this is a photograph of the surface of a broken piece of record from the side.

After giving students a couple of minutes to individually make note of their observations on their

Student Activity Sheets, have a few student volunteers describe the patterns they noticed.

Encourage them to come to the board to point out their noticings. H

Listen for student responses such as:

=> There are bumps and valleys on the record in some spots.

=> There are straight lines in some spots.

= The bumps probably make the needle move back and forth as the record spins.
=> Maybe the straight lines are where the record isn’t making any sound.

= [ wonder if the needle is moving back and forth or up and down in these grooves.

E Having students go to the board to
report out what they noticed and
encouraging them to call on other students
who want to build off of the ideas they
shared is a powerful way to build a sense of
community where students feel like they
are in the driver’s seat of figuring out the
science ideas. Examples shown here are

from www.ngsx.org:

at you know. and now it makes, it makes

6. (5 min) Ask students what we would need to see next in order to understand how these
structures might help the record produce sounds.

Listen for student responses such as:

going a little bit up and down.

@ nextgenstorylines.org
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=> We need to see the needle on the record under a microscope too.

Summarize that it sounds as if we have some really productive ideas of what we need to investigate
further.

Have students record the name of this data source in row D of the Student Activity Sheets.

Data Source Observations

C) A photo of the surface of the record from
under a microscope

D) A video of the needle interacting with the
surface of the record from under a microscope

Day 2

7. (5 min) Ask students what idea(s) they had yesterday regarding what to investigate next. Have
them look back to refer to their Student Activity sheets, to see what we decided we wanted to look
at next.

Listen for student responses such as:

> Yesterday we decided we need to see the needle on the record under a microscope too.

Play the L2 - Video 2 - path of the needle in a vinyl LP under the microscope
https://www.youtube.com/watch?v=yUDclkJpMfo. You may wish to replay it a few times. Have students
record their observations in row D of the Student Activity Sheet.

( nethenStOI’y“neSOI‘g These nu.zter‘ia/.? were L/@\’(’»[()[)(’(I u"it{1 ftf/)/mrt/muz th? ;Wiu/if'g.aﬂ D.epm'.tmenr of’h'du.uat[an; Ihev(}'ordon and BU{{V N[{){JI‘L’ This Yvork is IicerTsed under a Creative Cqmmons Attribution @ ®
Foundation, and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern University. 4.0 License http://creativecommons.org/licenses/by/4.0/ By 28


https://www.youtube.com/watch?v=yUDclkJpMfo
http://creativecommons.org/licenses/by/4.0/

Lesson 2: What does the record look like up close?

Teacher Guide v2.1
Middle School Unit: How Can We Sense So Many Different Sounds From a Distance?

Feb. 2018

8. (10 min) After all the students finish recording their observations, tell them to individually
complete the Making Sense question for Part 2 on their Student Activity Sheets. Make sure to walk
around the room and observe what students are recording and provide additional assistance, if

needed. Ask probing questions when possible to encourage students to think more deeply about
their observations.

When students are finished with their observations, ask them to share their ideas about what
might be causing the record and the needle to make different sounds as the record is spun. Use a
variety of probing questions to initiate and facilitate this discussion.

Suggested Prompts:

=> Did others observe similar structures that provide evidence for that claim?

-> How did the patterns in the grooves cause the needle to move?

=> Why do you think there were different patterns along a groove or between grooves?

Listen for student responses such as:

= We notice that the lines on the record are actually grooves. The grooves have a wavy structure along
the edge of them.

=> The pattern of the wavy structure varies along a groove and between grooves.

Once they have arrived at these conclusions, continue the discussion by probing students to
connect the grooves to the motion of the needle and to the production of sound.

Suggested Prompts:
=> How did the structure of the grooves cause the needle to move the way it does?

=> How might that help provide us clues as to how it produced the different sounds we heard?

Listen for student responses such as:

= The wavy structure of the grooves causes the needle to be pushed in different directions as the

v nethenStorylineS Org These materials were developed with support from the Michigan Department of Education; the Gordon and Betty Moore This work is licensed under a Creative Commons Attribution @ ®
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record spins.
=> This generates an effect: The needle is moved back and forth in different patterns.
=> The moving back and forth in different ways might be what is producing different sounds.

Give students a few minutes to add these conclusions to their Student Activity Sheets and their
Incremental Model Tracker sheets for Lesson 2.

Lesson Date Part of the What We Figured Out That We Added to Our Model
Model
2 A e The structure of the grooves causes a push on the needle in different
The record and directions as the record spins.
needle as a e This generates an effect: The needle is moved back and forth in different
sound source patterns.

9. (10 min) After the class has agreed on the possible cause and effect relationship between the
motion of the needle and the structure of the grooves, begin connecting this to other experiences
with sounds sources. Space is provided in their Student Activity Sheets for students to brainstorm

Q Strategies for this Consensus
Building Discussion

some of these next steps ﬁ E The transition to motivate looking at
musical instruments in the next lesson is
Suggested Prompts: supported by the two questions in Next
-> Can moving the needle back and forth in different ways really be what is producing different Steps of the Student Activity Sheets. Make
sounds? sure to discuss the first of these questions

with the class a bit before asking them to
brainstorm ideas for the second question.
By discussing students’ ideas about the first
question, you will help students connect
their prior experiences with instruments to
what they saw in the record.

=> Do other things that produce music also move back and forth when they are making sound?

Listen for student responses such as:

= Maybe instruments or speakers do something like this.
=> [ think instruments like a drum or violin string move back and forth.

Foundation, and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern University. 4.0 License
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= [ feel something vibrating when I play my clarinet. Is that related to this?

Have a Consensus Building Discussion i to help the class narrow in on the next steps and future
investigations to pursue for the next day related to the new question that has emerged: Do other
things that produce music also move back and forth when they are making sound?

Suggested Prompt:
-> How might we go about investigating this question further?

Listen for student responses such as:

= We should investigate this by looking at musical instruments more closely.

Make sure to leave time for students to update and reference the Driving Question Board and the
Ideas for Investigation poster to reflect this decision regarding what to do next.

If students don’t raise the idea of
looking at instruments next, another way to
build coherence to the next lesson would be
to say something like: “So it sounds like we
have something new to investigate. We still
do not know if moving the needle back and
forth in different ways is really what is
producing different sounds. And now we
are wondering if other sound sources that
produce music might move back and forth
too when they produce sounds. Are any of
you musicians and do you have anything we
could use to investigate this question
further?” OR: “I see on our Ideas for
Investigation poster the idea of looking at
instruments. How might that idea help us
explore this question further?”

neX’[genstory“neS Ol’g These materials were developed with support from the Michigan Department of Education; the Gordon and Betty Moore This work is licensed under a Creative Commons Attribution @ @
) Foundation, and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern University. 4.0 License http://creativecommons.org/licenses/by/4.0/ oy 31


http://creativecommons.org/licenses/by/4.0/

Lesson 2: What does the record look like up close?
Middle School Unit: How Can We Sense So Many Different Sounds From a Distance?

Teacher Guide v2.1

Feb. 2018

™ Alignment With Standards

Building Toward Target NGSS PE

e 1-PS4-1. Plan and conduct investigations to
provide evidence that vibrating materials can
make sound and that sound can make materials

vibrate.

Building Toward Common Core Standard(s)

Comprehension and Collaboration: CCSS.ELA-LITERACY.SL.6.1
Engage effectively in a range of collaborative discussions (one-on-one, in groups,
and teacher-led) with diverse partners on grade 6 topics, texts, and issues, building

on others' ideas and expressing their own clearly.

e 4-PS4-1. Develop a model of waves to describe e (CCSS.ELA-LITERACY.SL.6.1.B Follow rules for collegial discussions, set

patterns in terms of amplitude and wavelength

and that waves can cause objects to move.

e MS-PS4-3. Integrate qualitative scientific and
technical information to support the claim that

specific goals and deadlines, and define individual roles as needed.

e (CCSS.ELA-LITERACY.SL.6.1.C Pose and respond to specific questions with

digitized signals are a more reliable way to encode
and transmit information than analog signals.

elaboration and detail by making comments that contribute to the topic,
text, or issue under discussion.
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forth when they make sounds? (includes embedded assessment #1)
Middle School Unit: How Can We Sense So Many Different Sounds From a Distance?

Previous Lesson...Where we have been: Students have analyzed a series of progressively more detailed inspections of the surface of a record and the needle interacting with it. The class will have argued from
evidence that the grooves on the record are causing the needle to wobble back and forth in different patterns as the record is spun. This led to wondering whether objects that produce music also move back and
forth when they are making sound, which this lesson will investigate further.

)

This Lesson....What we are doing now: Students will feel the surface of various instruments after another person strikes or plucks them and connect what they feel to what they observe when
they analyze slow-motion videos of those objects. You will help students co-construct a way to represent the shape changes observed in these objects over time, and students will apply this type
9, | of representation to the shape changes they observed in another instrument.

Lesson
Question

Phenomena

Lesson Performance
Expectation(s)

What We Figured Out (CCCs & DClIs), New Questions and Next Steps

L3: Are other objects
that produce music
also moving back and
forth when they
make sounds?
(Includes embedded
assessment #1)

1.5 periods:
(40 min + 20 min)

O

Building toward

NGSS PEs:
1-PS4-1
4-PS4-1

Various musical
instruments (drums,
stringed instruments,
and xylophones) that we
pluck or strike make a
sound, and we can feel a
type of motion on them.

Slow-motion video of
instruments after they
are struck reveals
patterns in their motion:

® Snare Drum

e Guitar

e Tuning Fork

Descriptions of how
crickets, grasshoppers,
and cicadas make sounds
and related slow-motion
videos of mosquitoes
and bees reveal similar
patterns in how they use
different body structures
to produce sounds.

Analyze and interpret data to
provide evidence for
phenomena related to the
patterns between what we feel
on the surface of an instrument
after it is struck/plucked and the
motion of various musical
instruments after they are
struck/plucked as seen in a
slow-motion video.

Develop and use a model to
describe (phenomena) how
changes in forces applied to an
instrument (being struck or
plucked) cause its shape
(structure) to change leading it
to being repeatedly deformed
above and below its initial
position (effect) = vibration; use
the model to argue whether the
structure of other solid objects
also changes like this (cause)
when they produce sounds

(effect).

Since we were wondering whether objects that produce music also move back and forth when they are making sound, we decided
to inspect what musical instruments are doing more closely. After touching various instruments that we plucked or struck to make
a sound, we noticed a pattern: Sound sources felt as if they were moving back and forth slightly when they were making a sound
(after striking or plucking them). And after watching slow-motion videos of similar objects, we noticed a pattern: We could see the
objects (sound sources) changing shape back and forth after being struck or plucked.

As a class, we developed an initial explanation as to why the instruments

changed shape back and forth after being struck: : ‘?\r s 1 .
® When a force is applied to part of an instrument, it causes it to s \;‘ /,v.m‘ ;ﬁ:’
bend/deform and change shape. o i‘mﬁZ,ﬁ"\:Tk “ Tkiﬁi[“i?;‘
® When the force is removed, that part of the object springs back and e ‘“E\m\f\:";j\“m \ 2 and % )
overshoots its original resting position (effect). "\t ‘n‘:?‘w:‘::' ?,W
e Then that part of the object repeatedly bends back and forth for a bit \Jipeative (ﬁ"l‘ B
(this is called a vibration) until it stops. u]u“w\ *:%(W Fime.
N
We updated our model to reflect what we figured out. Then when we started SRR eor/detectee
using the model to try to determine how generalizable it is (e.g., when we covered up the = "‘f,"‘f'/"m" he;::e
word instruments on our model), this made us wonder if our model applies to other things. {W m&nﬁ i
If instruments move back and forth when they make sounds, do all things move back and of
l Qudn ]?u\\

forth when they make a sound?

Some of us thought yes, but others thought no. For the latter, examples of objects like the table or ground were brought up as
things that do not vibrate, because they aren’t springy like instruments. Not everyone agreed.

Next steps: We want to investigate this new controversy and question in more detail in the next lesson.

Next Lesson...Where we are going: To resolve the disagreement about whether all objects vibrate when they are making a sound, you will introduce how a new type of detector (a laser that shines on a small
mirror laid on the surface of another object) works. The students will make predictions about what they would see the detector’s laser dot do when a drum and then a table are struck. The results of this test will
provide evidence that all objects are elastic (springy) up to a point and that all objects vibrate when they make sounds. You will help students apply this new idea back to the needle and record in order to partially
answer the question: How does the interaction between the needle and the record produce sounds?

@n nextgenstorylines.org
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Getting Ready: Materials Preparation

EEXY

Materials for Each Student For the Whole Class
e Lesson 3 Student Activity Sheets e One of each of these at different stations:
e Student Reading 3 o drum and drumstick
e Incremental Model Tracker sheets O guitar or violin
(partially filled out from previous o xylophone and mallet
lessons) o two tuning forks of different sizes and mallet
e Slow motion videos and computer with projector:
o L3 - Guitar in Slow-Motion Video
m  https://www.youtube.com/watch?v=6sgl7S G-XI
o L3 - Snare Drum in Slow-Motion Video
m  https://www.youtube.com/watch?v=STSWLX23xqc&t=2s
o L3 - Tuning Fork in Slow-Motion Video (show only first 40 seconds)
m  https://www.youtube.com/watch?v=CS0Ax JM1iQ
e Chart paper and marker

For the Teacher

e Use Lesson 3 - Student Rubric for Modeling an Motion of an Instrument, to provide feedback to students on the models they turn in at the end of day 1,
before day 2.

7 H These materials were developed with support from the Michigan Department of Education; the Gordon and Betty Moore This work is licensed under a Creative Commons Attribution
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<D Getting Ready: Teacher Preparation

Background Knowledge for Teacher Only

A big building block of the science developed in this lesson is that a sound is first generated by some kind of force or impact into an object in the system.
The force applied by using a mallet to push on a xylophone tine or to pull a guitar string is needed to start a sound. Students may just call this force a
push/pull or impact at this point, and that language is fine; what’s important is the conceptual understanding of energy input into the system. Something
has to be done (push/pull/impact/force) to the object making the sound.

In addition, even though “vibration is a back and forth movement” is a piece of a first grade DCI, the cause of vibrations and the nuances of the type of
motion is a deeper dive into a causal mechanism of how sound waves are generated and able to propagate within a medium. The idea that an object
changes shape (is deformed with the force applied) by bending beyond its original shape and continuing in a back and forth motion before retaining its
original shape is not a trivial idea. This sets the foundation for how sound travels. Because the object making the sound initially deforms in the direction
the force is traveling, the particles of the medium get compressed and then expand, bumping into their neighbors, and thus the resulting compressions
and decompressions result in a sound wave. Without the deformation beyond the original starting position, it’s difficult to explain why the particles of air
or other media get affected by an object vibrating at all. This deepening definition of vibration also sets up high school understanding (because why do
objects deform beyond their starting position at all)—intermolecular forces are at play and everything is vibrating a bit. Although this intermolecular
understanding is way out of this grade band territory, one can see the learning progression of the definition of vibration. This mechanism will also help
account for normal forces on objects at rest on the ground in high school physics classes and beyond.

Alternative Student Conceptions Linking Our Understanding to Scientific Terminology
Students have experiences with stringed instruments and trampolines that e Vibrating e Elastic or springy
they will draw on. They may be surprised, however, to see metal or wood e Vibration e Impact
deforming and may need to carefully analyze images in the videos in order e Deformed—changed shape e Force

to see the shape changes occurring in each object.
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M 1.5 periods:
Day 1: 40-45 min

Day 2: 20 min

Learning Plan: Are other objects that
produce music also moving back and
forth when they make sounds?

Day 1

1. (5 min) Begin the lesson through a Consensus Building Discussion. Ask students to summarize
what we figured out from the previous lesson.

Listen for student responses that summarize the big ideas such as:

=> The lines on the record are actually grooves.

=> The grooves have a wavy structure along the edge of them.

=> The pattern of the wavy structure varies along a groove and between grooves.
=> The needle moves back and forth as it moves across the grooves.

Then ask students to connect the previous lesson and what we figured out to the new question we
are investigating today: What are other objects doing when they make sounds? If there were other
questions that were added to the Driving Question Board, review those as well.

Suggested Prompts:

=> Can moving the needle back and forth in different ways really be what is making different
sounds?

=> Does a similar thing happen when other objects are making sounds?

=> What are other objects (e.g., musical instruments) doing when they are making sounds?

Remind students that one of the investigations they suggested in Lesson 2 was to look at musical
instruments. [ Point out to students that there are instruments around the room that we can use
today to investigate our questions further. ﬁ

<> Teacher Supports & Notes

Strategies for this Consensus
Building Discussion

&x

One example of how to continue this
discussion is as follows: “Even though we
came to consensus on how the structure of
the grooves were causing the needle to
move the way it did, we raised a new
question and we came up with some new
ways we could investigate that question.
We discussed other things we heard that
made sounds and what they did when
sounds were made. Many of the things you
mentioned were instruments and we were
thinking that looking more closely at
instruments might be another productive
investigation to pursue.”

&R

B One of the stations will have two tuning
forks of different sizes. Do not draw
attention to the size difference or tell
students why there are two different sizes
at this station. The size difference here will
seed an idea for future lessons relating to
the pitch of a note produced and its

Strategies for this Consensus
Building Discussion

These materials were developed with support from the Michigan Department of Education; the Gordon and Betty Moore
Foundation, and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern University.
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Now have students write down their predictions to the first question that is on their Student relation to the length of the object that is
Activity Sheets: What do think you will feel or see a drum, guitar string, xylophone, or tuning fork struck or plucked.

doing when you strike or pluck it to make a sound?

After writing down their predictions, tell students to fill in the data table for data source A and
data source B in their Student Activity Sheets.

Data Source Observations

A) Feeling a drum, guitar string, xylophone, or tuning
fork immediately after it is struck or plucked

B) A slow-motion video of a drum, guitar string, and
tuning fork immediately after it is struck or plucked

Additional Guidance

Many students will start using the word
vibrating to describe what the instruments
are doing. Only at the end of the lesson will
the class come to consensus that this word

2. (6 min) Place one of the four different
instruments (drum and drumstick,
xylophone and mallet, guitar, and two .
tuning forks of different sizes) in each 3{" = #ﬁ \
corner of the classroom. Instruct 2 “ W\ -
students to get their Student Activity '
Sheets and then divide them into four groups. Tell them they will be making observations as they o o

. . . . . . . . start to use the word vibrating or vibration
move with their group from station to station once you are done with the directions. Remind ) .

] } . ) . to describe the way the position and shape
students that instruments (especially the guitar) can be fragile, so special care should be used. of the object is changing over time that can
Each student will strike or pluck the instrument lightly, make observations about how it felt after account for what we feel.
being struck, what the instrument looked like when being struck (i.e., did something move?), and
what sound it made. Students will record their observations in row A of their table on their Student
Activity Sheets. i

.. S Y

L

means something more than just what we
feel. By the end of the lesson, students will
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Because this activity is very short, take a minute to demonstrate what you are expecting each ﬁ(\ Alternate Activities
student to do at each station before beginning the activity and how to transition between stations

with each signal. After the demonstration, ask the students if they understand or have any I5] Sharing ideas verbally with an elbow

questions. Answer questions and clarify the activity until all students understand what they are partner is the most time efficient way to do
expected to do. Assign each group to their first station. Give students one minute at each of the four || this sort of brainstorming. The space in the
stations and then tell them to switch. Making Sense section of the Student

Activity Sheets is provided as optional
support for students who need time to

“stop and jot” their ideas down before
3. (8 min) After they have written their observations in row A, tell students to return to their seats talking with a partner.

to begin the next activity. Inform students that they will observe three slow-motion videos of
similar objects as they are struck or plucked. As they view the videos, they should record their
observations in row B on their Student Activity Sheets after each video clip. Tell them to be as
detailed and accurate as they can when writing their observations.

4. (4 min) After the videos have played and students have recorded their observations in their data
tables, instruct them to discuss their observations with a partner following the prompts in the
Making Sense section of their Student Activity Sheets. E
e What similarities did you notice among how each of these objects moved?
e Why do you think all these objects continued to move the way they did after the thing that initially
pushed or pulled on them was no longer touching them?

As students are discussing, walk around and monitor discussions.

5. (7 min) After sharing with a partner, ask a few students to describe some of the shape changes
and motion changes they observed in all the cases. If needed, encourage them to come to the front
of the room to show what they are noticing in the phenomenon by replaying the slow-motion

Foundation, and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern University. 4.0 License http://creativecommons.org/licenses/by/4.0,
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videos. It’s important that they begin to connect the shape changes in the objects to the sound. Additional Guidance

Suggested Prompts:

=> What was similar about the motion of the guitar string and the tuning fork? What was different?

=> What type of shape changes did we see in the object when it was initially struck or plucked?

-> How did the shape of the object keep changing after the initial force from the strike or pluck was
removed?

This is a key idea to draw out. You may
need to show the video again to help
students notice this.

Listen for student responses, that summarize the big ideas such as:

=> Asthe object was struck or plucked, it started to change shape and bend.

=> After the initial force (or impact) from the strike or pluck was removed, the object started to return
to its original shape (like a trampoline).

= Inall cases the object didn’t directly return to its original shape, it overshot its starting position and
changed shape in the other direction. H

= Then it repeatedly changed shape back and forth around its starting shape or position.

=> In some cases it bent back and forth in an up and down direction; in other cases it moved back and
forth in a left and right direction.

=> In all cases part of the object bent more than other parts; some parts didn’t seem to move or they

were tied down (e.g., the bottom of the tuning fork, the edge of the drum face, and the ends of the
guitar string).

Summarize that all of this is what the object is doing when we say we feel these objects vibrating.

Suggested Prompt:

-> We are using the word vibrations to describe what we feel. We also discussed earlier that this is
related to the shape changes we observed. Let’s put these two observations together to come to a
consensus of what we mean when we say an object is vibrating. Can we describe its motion? Can
we explain why it is happening?

H These materials were developed with support from the Michigan Department of Education; the Gordon and Betty Moore This work is licensed under a Creative Commons Attribution
nextgenstorylines.or or port ‘ " . ! . () ®
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Listen for student responses that summarize the big ideas such as:

=> Vibrations can be detected in many different ways (e.g., felt and seen).

-> Vibrations can be seen as a back and forth motion that repeats for a certain amount of time.

=> It seems that part of why an object moves this way is because it can bend and snap back; shape
change of the object seems an important part of what is happening and why it's happening.

6. (10-15 min) Have students turn to the two pages of the Student Activity Sheets that have two
sets of four boxes on them. The pages are labeled Lesson 3: Student Modeling Sheet. Students will
use these sheets to create two models to represent the chain of cause and effect that connects the
ideas shown below. The first model will

be constructed together as a class; the - A o)
second is a formative assessment. o QL/“ B reo=q
y ot
; i The male e swine The sutface
An example of how to lead the g | W e st | OF the drwm O heseie
{ Onigeal 9t W diwm pwdnes oadk \ ('i"{’idﬁ x.‘kq‘-

discussion is as follows: “Earlier we all 7 v W S ‘ujch\’»‘:;rsl::«w \ 3 ol

felt the instruments vibrating as other J i I‘:; ‘D,J\“mn\:u "’W
students played them in class. When we ey @v;' )

saw the video clips, we also observed U?wo':l\ ;l;::% o8 Fime.

the vibrations of the drum, the tuning ‘ R

fork, and the strings on the guitar. We \

need to figure out what caused the vibrations. Let’s try to draw out a representation of how it was
moving and why it was moving the way it was. Let’s use the drum. What was the first thing we saw
happen?”

Listen for answers. Give all students a chance to give a response and then allow them to analyze
each statement for accuracy, ask questions, and to suggest any modifications. On a poster or
whiteboard, draw this first step (and all subsequent steps in order) that the students report they
. . i s . . . Additional Guidance
saw. Under each sketch, include a brief description of what is being drawn. Continue to ask

Foundation, and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern University. 4.0 License
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questions until all the observations are drawn and labeled. Have students draw this in the

Modeling Sheets section of their Student Activity Sheets.

These are some of the key mechanisms represented in the model:

1. Before the instrument was struck or plucked, it had an original shape (starting position).
2. When a force iwas applied to a part of the instrument (a push or pull), it bent (or

deformed) the object.

3. After the force was removed, that part of the instrument sprung back (it “wanted” to change
shape to return to its original position). ﬁAs it traveled back, however, it ended up

overshooting the original starting position.

4. That part of the instrument then headed back in the opposite direction and ended up
overshooting the original starting position again in the other direction. It kept repeating

Steps 3 and 4 (this is what we refer to as vibration)
until it stopped making a sound.

After modeling what happened to the drum once a force was
applied to it, have students apply the model to either a
different representation or a different instrument. An
example of the guitar and tuning fork are shown here. This
can be given as a home-learning assignment or completed
individually in class. It is a key formative assessment.

Make sure to give students at least one opportunity to
practice applying this model to another instrument they
observed in the slow-motion videos and give them feedback
on their model. ﬂ
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Day 2

7 for

In this grade band, using the words
force or push and pull interchangeably is
productive. In some classes, students use
the word impact (force applied over a
short time period). In future discussions,
use whatever word students converged on.
You could introduce the word deformed to
refer to conditions when the object has
changed shape. But if you do, refer to
deformed in concert with the phrase “or
changed shape” in future discussions to
help build familiarity with the idea that
both of these are expressing the same idea.

Additional Guidance

Using a word like elastic or springy will
help setup the next lesson, which is
motivated by the question of whether all
objects are elastic or springy (up to a
point). Use the scientific word elastic in
concert with the phrase “or springy” in
future discussions to help build familiarity
with the idea that both of these are
expressing the same idea.

Students may point out that some objects
permanently change shape when they are
deformed. If they do, you can ask whether
the metal tuning fork can also be bent far
enough so that it permanently changes
shape. Students will likely say yes. Use this
opportunity to reframe the question. “If

.\v nextgenstorylines.org
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7. (15 min) Meet in a Scientists Circle. Have a few students share their home-learning assignments
(the second model they drew). Alternatively, you could ask students to help you summarize in
words what we showed in our initial model from Lesson 1 that we think is happening in all of the
instruments. Here is an example of that:

1. When a force is applied to part of an instrument, it causes it to bend or deform and change
shape.

2. When the force is removed, that part of the object springs back and overshoots its original
resting position.

3. Then that part of the object repeatedly bends back and forth for a bit until it stops (this is
called a vibration), and this is when it stops making a sound.

We want to develop a more general model that could apply to more objects than just the musical
instruments. But we want to first write out the general principles for what all the instruments we
modeled share in common in their behavior as a small baby step to this more general model.
Direct students to make a table lining up what is happening across the four steps in the drum vs.
the similar four steps in the tuning fork. This can help students see what is similar between both
objects. "

Make sure to identify the repeated cycle of motion as a

vibration now. Emphasize that this is more subtle than just sound source ———
simply back and forth motion, because of things like the shape == W?\’T 2 he;:.:e
change and the overshoot that keep happening over and over s wpect | sounds
again for a while, after the initial force is removed. Add these o *ffl%\\

steps underneath the sound source portion of the initial
consensus model shown to the right.

Have students add these conclusions to their Incremental Model Tracker sheets for this lesson.

we know we can bend objects far enough
that they can either be permanently
deformed or broken, then our new
question is: Can all objects be bent at least
a small amount and spring back before
they are bent far enough to become
permanently deformed or break?”

Formative Assessment
Opportunity

X

Practicing applying this model
independently is a key formative
assessment. You could collect it before the
next lesson or at the end of the next lesson.
See the “Lesson 3: Student Rubric for
Modeling Motion of an Instrument” to give
students feedback on their individual
models.

Students will bring this individual model to
a Scientists Circle discussion for the next
day, to help the class develop a more
general model of what might be causing any
object to produce sound.

You may want to assign a third instrument,
after having this general discussion the next
day. Make sure to collect students’ models
before or after this discussion so you can
determine which students may need
additional practice applying this model to
another instrument.

These materials were developed with support from the Michigan Department of Education; the Gordon and Betty Moore
Foundation, and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern University.
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Lesson Date Part of the What We Figured Out That We Added to Our Model
Model
3 A e When a force is applied to part of an instrument, it causes it to bend/deform
Instruments and change shape.
as sound e When the force is removed, that part of the object springs back and
sources overshoots its original resting position.

e Then that part of the object repeatedly bends back and forth for a bit until it
stops (this is called a vibration), and this is when it stops making a sound.

8. (5 min) Now shift to helping motivate the next steps and future investigations. The first goal of
this discussion is to think about whether the observations made about the musical instruments are
also true for other objects that produce sound.

Suggested Prompts:
=> Can forces be applied to all other objects to deform them?

=> Do these other objects exhibit some elastic or springy behavior after they are pushed and then
that push is removed?
=> Do all objects change shape back and forth (vibrate) as they are making sounds?

Have students complete the Next Steps section of their Student Activity Sheets to answer these
questions. Then resume the discussion. While leading this discussion, use the consensus model to
probe students. Pointing to the sound source, ask if we could put anything in place of the word
instruments.

Suggested Prompts:

=> Because we are thinking about whether our model of what causes sound is true for all objects,
could we put things such as the table (when we hit it and it makes a sound) in place of instruments
in the model? Could we substitute the floor in place of instruments in the model?

=> Do those things (the table and the floor) vibrate back and forth, bending, and changing shape too

ﬁ(\ Differentiation: Alternate
Activities
n Some students may need to see
something like a wooden ruler to
demonstrate these concepts in the
following way:
1. Striking or plucking these objects, applies
a force to that object (a push or pull on it).
Explain that when an object is struck or hit,
that’s a force being applied to it. Then have
one student hold the ruler and instruct
another student to pluck it.
2. This force temporarily bends (deforms)
the object. After the ruler is hit, point out to
students that the ruler’s initial shape was
deformed. It was straight but the force
made it somewhat “curved or bent.”
3. When the force is removed, the
springiness of the object (its elasticity)
causes it to try to return to its original
shape. As the ruler is moving back and
forth, point out that the ruler is starting to
spring back to its original shape—straight.
4. And this leads it to repeatedly bend back
and forth (vibrate) for a while. When the
ruler stops moving, point out that after it
stops moving, it is straight again.
5. Then connect the springing to the
vibrations we felt in the instruments. The
vibrations occurred when the instrument
was hit and was attempting to go back to its
original shape.

These materials were developed with support from the Michigan Department of Education; the Gordon and Betty Moore
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as they produce sounds?

Accept all student responses such as:

= Some students will claim that more solid objects like the table, walls, or floors do not vibrate when
they make a sound, because they don’t bend, not even a little.

=> Other students will claim that it may bend and vibrate, but just a bit.

=> Some may say yes that everything vibrates, because everything can deform.

=> Others may say that some things will break rather than bend.

If a student says this last idea, capitalize on the idea that maybe everything does have a limit of
force it can withstand before it breaks, but ask if the object bends before it reaches that limit. Draw
out the controversy around these competing ideas to help motivate that we have to figure out a
way to investigate this new question further in our next lesson.

Finally, tell students that you have a short reading that investigates how insects produce sounds
that seems closely related to what we figured out in class. Pass out Student Reading 3. Tell students

that part of the reading has an option, using links to YouTube, to look at slow-motion videos of
insects.

ﬁ& Differentiation: Alternate
activities

Some readings like this one can be saved
as in-class work for days when you see only
some of the students (e.g., a band concert)
and as home-learning for those students to
make up. Or you may want to save them for
days when you have a substitute. This
reading is most timely and relevant,
however, when used before Lesson 5.

o ‘z‘l Formative Assessment
= Opportunity

Checking on questions 1 or 3 after
students completed the reading will help
you determine if students are noticing the
same elements in sound production across
these phenomena:

1. Something pushes or pulls on an object to
change its shape.

2. That object vibrates back and forth.

3. That vibration produces sound.

If some students are missing part of these
ideas, ask them to refer to the consensus
model you developed in class, and make
revisions to their responses based on
talking about how each of those key parts
are related to what they read about the
insects.

H These materials were developed with support from the Michigan Department of Education; the Gordon and Betty Moore This work is licensed under a Creative Commons Attribution
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M Alignment With Standards

Building Toward Target NGSS PE Building Toward Common Core Standard(s)
e 1-PS4-1. Plan and conduct investigations to Comprehension and Collaboration: CCSS.ELA-LITERACY.SL.6.1 Engage
provide evidence that vibrating materials can effectively in a range of collaborative discussions (one-on-one, in groups, and
make sound and that sound can make materials teacher-led) with diverse partners on grade 6 topics, texts, and issues, building on
vibrate. others' ideas and expressing their own clearly.
e 4-PS4-1. Develop a model of waves to describe e (CCSS.ELA-LITERACY.SL.6.1.B Follow rules for collegial discussions, set
patterns in terms of amplitude and wavelength specific goals and deadlines, and define individual roles as needed.

and that waves can cause objects to move.
e (CCSS.ELA-LITERACY.SL.6.1.C Pose and respond to specific questions with
elaboration and detail by making comments that contribute to the topic,
text, or issue under discussion.
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Previous Lesson...Where we have been: Students felt the surface of various instruments after another person struck or plucked them and observed slow-motion videos of those objects. The class
co-constructed a way to represent the shape changes observed in these objects over time. Students applied this type of representation to the shape changes they observed in another instrument and the class
used both models to create a more general model for the type of motion (vibration) of any instrument producing sound. This raised a question about whether all objects vibrate when they are making sounds.

<>

O

This Lesson....What we are doing now: In the previous lesson, students were engaged in a disagreement about whether all objects vibrate when they are making a sound. Now you will introduce
how a new type of detector (a laser that shines on a small mirror laid on the surface of another object) works. The students will make predictions about what they would see the detector's laser dot
do when a drum and then a table are struck. The results of this test will provide evidence that all objects are elastic (springy) up to a point and that all objects vibrate when they make sound. You will
© | help students apply this new idea back to the needle and record in order to partially answer the question: How does the interaction between the needle and the record produce sounds?

Lesson
Question

Phenomena

Lesson Performance
Expectation(s)

What We Figured Out (CCCs & DCls), New Questions and Next Steps

L4: Do all objects
vibrate when they
are making
sounds?

1 period:
(40-45 min)

s

)

e

covie

| e

I

o s

Building
toward

[

NGSS PEs:
1-PS4-1
4-PS4-1

A mallet striking a drum
head with a mirror on it
and a laser bouncing off
the mirror shows a
blurred image in the
reflected dot for a short
duration.

A rock dropped on a
table with a laser and a
mirror provides similar
patterns.

There are similar
patterns in how lasers
(and mirrors) are used to
measure vibrations of a
bell on a big clock (Big
Ben) and on the moon.

Engage in argument from
evidence to support or
refute claims about, “Do all
objects vibrate (cause) back
and forth when they are
making sound (effect)?” by
providing and receiving
critiques about one’s
explanations and posing
and responding to
questions that elicit
pertinent elaboration and
detail to help determine
ways we could gather
evidence to answer this
question.

Construct an explanation
based on evidence
obtained from previous
class investigations and
scientific principles to
construct an explanation
(as a class) of how the
structure of the record
causes vibrations in the
needle that lead it to
produce sound (effect) as
the record is spun.

We conducted an investigation with a mirror and laser pointer, table, drum, and a rock and noticed a pattern:
e When we struck a drum, the laser beam (dot) bouncing off of a mirror on the drum showed up on the wall or
ceiling and moved and shook above and below the point at which it started.
e When we dropped a rock onto the table with a laser beam (dot) bouncing off of a mirror on the table, the dot
that showed up on the wall or ceiling moved and shook above and below the point at which it started.

® The harder we struck either surface, the louder the sound and the more the dot shook back and forth (distance

and duration).

The results of the experiment provided us evidence to develop some general principles:
o All solid objects are elastic (springy) up to a point; they deform when a force is applied to them (we push or pull on them).
® Those objects will vibrate back and forth (past their original resting positions) for a bit after the force that originally deformed them is
removed.
e Vibrating objects make sound. (1-PS4-1)

We connected these principles to our anchoring phenomena by developing a class-constructed outline for an explanation to answer the
question: How does the interaction between the needle and the record produce sounds? We outlined the chain of cause and effect:

1.

oukwnN

Because all objects are springy, this means the needle (and/or the record) is springy.

As the record spins, wavy grooves in the plastic record move under the needle.

The needle is pushed back and forth by the record as the grooves move under it.

When the needle is pushed to one side by the grooves in the record, it elastically deforms.
When the push is removed, the needle springs back and vibrates.

Because all vibrating things make sounds and the needle is vibrating, it makes a sound.

Developing this explanation led to some new questions: Was the difference in the pattern in the grooves somehow responsible for all the
different sounds we heard? What was different about the vibrations of other objects when they produced different sounds?

Next steps: We want to study the vibrations from things making different kinds of sounds starting with louder vs. softer sounds (striking
instruments harder or softer). We will need a way to detect, look closely, or zoom into the sound source to see how its vibrations
compare in these different conditions.
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Next Lesson...Where we are going: Students will use their experiences from earlier lessons to argue that hitting, plucking, or striking an object harder is what causes it to produce a louder sound. They will
investigate patterns in the vibrations of a wooden stick that is struck harder vs. softer using a new device (a motion detector). The class will collect and analyze data from this device which will help students notice
patterns that start to introduce some important wave-like characteristics in the motion of matter that is vibrating such as amplitude and frequency of vibrations.

Getting Ready: Materials Preparation

ESNN
|IIID

Materials for Each Student Materials for the Whole Class

e Lesson 4 Student Activity Sheets e Drum (1)
e Incremental Model Tracker sheets (partially filled out from previous lessons) e Penlaser (1)
e Copies of both of these put together as Reading 4: e (lothespin (1)

o Measuring the bong of Big Ben with lasers and mirrors: e Lab stand and clamp (1)
http://www?2.le.ac.uk/news/blog/2017-archive /march/engineers-meas e Plastic mirrors (2) or reflective duct tape if you have it
ure-big-ben2019s-bong e One rock that fits in the palm of your hand (about 5-7.6

o The vibrating moon: cm across)
http://indianapublicmedia.org/amomentofscience/the-vibrating-moon e Two pieces of 1 mm graph paper and tape

Setting Up the Apparatus (15 min)

The laser is back here

Place a small plastic mirror on the surface of the drum. Some
students may critique the experimental design by saying the mirror
is a separate object than the table so all we can conclude is that the
mirror moves up and down, then you may need to find some
reflective duct tape instead of a mirror. It is sold in a roll for about $5

at local hardware stores. Stick a piece of it to the top of the table
surface.

Make sure the laser is on a clamp that is on a different table across
the room than the one that you are going to strike.

Step 1: Mount a laser pen light onto
a lab station clamp. The clamp is
holding the “on” button down so the
laser light is shinning out of the left
side (back end) of the pen. You can
also use a clothes pin to hold down
the on switch.

Step 2: Point the laser so that it hits

a spot in the middle of the table. Then
slide a small plastic mirror onto that
spot on the table. This will cause

the laser light (which is outlined by
the graphic red line on the left to
reflect off the table onto a wall

or ceiling)

Step 3: To check that the laser

is hitting the mirror, move to

where you can see a red dot on t

he mirror surface. Or place a

piece of white paper over the mirror
to help find where the red dot is
hitting.
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Lesson 4: Do all objects vibrate when they are making sounds?
Middle School Unit: How Can We Sense So Many Different Sounds From a Distance?

<> Getting Ready: Teacher Preparation

Background Knowledge for the Teacher Only

o All matter (gases, liquids, and solids) are springy up to a point. This

property of matter is sometimes referred to as its elasticity (the
ability of an object or material to resume its normal shape after being
stretched or compressed; stretchiness).

The springy nature of all matter is due to intermolecular repulsive
and attractive forces between the particles that make it up. From the
Framework: The role of forces between particles also begins to be
discussed in grade 6—topics include the recognition that particles in
a solid are held together by the forces of mutual attraction and
repulsion (which act like springs). This idea is developed more fully
in Lessons 11 through 13.

This mechanism will also help account for normal forces on objects
at rest on the ground in high school physics classes and beyond. It s
is at the core of understanding many physics ideas, including why
inanimate objects push back when you push on them (needed for
Newton'’s first law). The idea is also necessary to understand why
any medium transmits sound. One has to first accept that all states of
matter are spring-like. That is particularly useful when one
introduces springs as way to model compression wave propagation
through any medium (lesson 13 and lessons 18).

We have also seen evidence that some students remain committed to
a science idea commonly developed in prior grades ( solids don’t
change their shape), and resist the accepting the claim that things
like a table, the floor, or the wall deform and spring back and
overshoot (very slightly). Students need a line of evidence to help
them accept this idea, which is what the laser and table investigation
in lesson 4 provides.

Alternative Student Conceptions

Teacher Guide v2.1
Feb. 2018

Linking Our
Understanding to

Students may have prior knowledge Scientific TermmOIOgy

that solids keep their shape as
opposed to liquids taking the shape

) . e Elastic
of their container. e Deforms
Students may think only things that O [leEeEt
produce sound are naturally e Reflect

springy or bendy such as musical
instruments.

Formative assessment option:
Students may claim that not all
objects can deform or are springy.
If the class is already convinced that
all solid objects can deform and
spring back, move on to the
conclusion section of this lesson.
You may either skip the laser and
mirror demo, or get ready to go
ahead with it quickly by asking the
class, “How could we gather
evidence that something like the
table really bends when you strike
it and then bends back
(overshooting its original position),
over and over for a short while
(vibrating)?” After this discussion,
then introduce the laser and mirror
setup and continue the rest of the
lesson.
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& 4l earning Plan: Do allobjects vibrate when they | period: K< S L T UL BES
4 . c
are making sounds? (40-45 min)

1. (5-10 min) Begin the lesson by asking students what question we thought about investigating
next as we ended Lesson 3.

Listen for student responses such as:

=> Do all objects vibrate back and forth when they are making sounds?

Have students write this question on their ) _ N _

Student Activity Sheets and record their B W ' " 1 Additional Guidance
prediction. Then have a few students share out ' . f

their predictions to re-elicit the area of - _ ;

controversy that is motivating the need for this " 25 e e = I An example of a teacher having this

next investigation. H - 3 - a | e > b et conversation with her class is shown in the

teachers to pilot this storyline.
Ask students to raise their hands if they think P y

all Obiects Vibrate When they make a Sound. Teacher; Doall .nﬁjects vibrate when they are making sounds? Dut fafcurimil}. looking T
you had, how many of you said yes. all abjects?

Then ask, “Who thinks only some and not all -

objects vibrate when they make a sound?”

Summarize the discussion around the idea that because we are still not all in agreement on this
question, we will need to collect some additional evidence to figure this out.

2. (5 min) Tell students that you brought in a device that might help us detect vibrations. Have
students come up to the setup of the laser, mirror, table, drum, and graph paper.

Having students huddle around the phenomena is akin to gathering around a campfire—drawing

NGSX pathway [www.ngsx.org] to prepare
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students into a communal or shared sense of the experience.

Show the students where the laser is pointed (at the mirror on the surface of the drum). After this,
place a piece of paper over the mirror so students can see that the light travels to the mirror. Then
remove the paper and point to where the dot of light appears on the wall.

Inform students that you are going to strike the drum with a mallet in a moment. Based on what
they already know happens to the shape of a drum when it is struck, ask them to predict what they
will see the laser dot do. Direct them to share their predictions with a partner.

Turn off the lights and strike the drum softly. Then have students record what they observed the
laser dot doing as the drum is struck. HThen strike the drum harder and have students record
what they observe. Repeat if necessary. i

Based on their experience so far with this line of evidence, students may suggest recording a
slow-motion video of the laser dot. ﬂ

3. (5 min) Next ask students how this setup could help us figure out if something like the table is
vibrating when it makes a sound. Have them discuss this with a partner.

Tell students that you are about to drop a small rock onto the table, and a sound will be heard. Ask
students to predict what we will see the laser dot do if the table doesn’t vibrate vs. if the table does
vibrate. Give one minute for this elbow partner talk.

Discuss this prediction as a class for a minute or two. There is likely to be some controversy as to
whether bigger, stiffer objects actually bend or not when they are struck by relatively small, low
mass objects. H

Then adjust the laser during this discussion so it is directed at the mirror placed in the middle of a
student table. Have students finalize their predictions about what they will observe the laser dot
do if the table vibrates vs. if it doesn’t vibrate.

Additional Guidance

E Students should observe that the
position of the dot moved a lot very
quickly. Some students may even see that
the dot moves both higher and lower on
the wall than in its initial resting position
during the time the drum made a sound.

You can tape a piece of paper on the wall
to where the dot is projected at first, and
ask a student to mark the initial position of
the dot as well as the highest and lowest
position that the “laser blur” makes on the

paper.

Additional Guidance

If you repeat the paper marking
measurement from above, use a new sheet
of paper taped to the wall. Then you can
compare both papers to see what is
different between both results.

Additional Guidance

m If they bring it up, encourage them to
do it. It is pretty cool. You may want to
save showing the video until the start of
the next lesson, however, as it is a tight
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Next drop the small rock and have students record their results. Repeat if necessary.

Ask students to predict what will happen if a larger rock is dropped on the table. Remind them that
a larger rock will exert a bigger force on the table due to the difference in its mass. Give them a few
minutes to discuss this. Then drop the larger rock and have students record their observations.

4. (5 min) Then have students return to their seats and complete the Making Sense portion of their
Student Activity Sheets with a partner.

Ask students to share out their claims as you switch to a Pressing for Understanding discussion to
make sure the class agrees on the claims we can make related to the original question that
motivated this lesson and the evidence we have for those claims.

Suggested Prompts:

=> What claim can you make based on the results of this investigation to answer the question that
our class had at the start of this lesson?

-> What evidence do we have to support the claim that vibrating objects make sound?

=> What evidence do we have that the objects that are vibrating are moving or bending back and
forth?

Listen for student responses such as:

= Everything must vibrate a little bit when it makes a sound, because even the table (something we
thought was hard) gave evidence of vibrating.

= When we struck a drum with a laser beam (dot) bouncing off of a mirror on it, the dot that showed
up on the wall or ceiling moved and shook above and below the point where it started.

= When we dropped a rock onto the table with a laser beam (dot) bouncing off of a mirror on it, the
dot that showed up on the wall or ceiling moved and shook above and below the point where it
started.

time frame to complete this lesson in one
period, and the video would be an
excellent transition into the next lesson. At
that point you could ask students how the
motion of the laser dot in the slow-motion
video would change if you hit the desk
harder to make a louder sound.

M Supporting Students in Using
Crosscutting Concepts.

Many students don’t think that
materials like rocks or large tables can
bend. Other students may claim that it
might be bending, but just such a small
amount that we can’t see it. This is an
opportunity to point out that we are
arguing about an important idea in science
related to whether what is happening is at
scale that is too small or too fast to see.

Additional Guidance

Students should see a similar result in
the position of the laser dot as before, but
its duration and spread in the blur will be
much shorter. This provides us evidence
that even the table is vibrating when it
makes a sound.

If some students critique the experimental
design by saying the mirror is a separate
object than the table so all we can conclude
is that the mirror moves up and down, then
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5. (5 min) Switch to a Consensus Building Discussion. Have students add these ideas to their
Incremental Model Tracker sheets:

Lesson Part of the What We Figured Out That We Added to Our Model
Model

A All solid objects are elastic (springy) up to a point. They deform when a
All objects force is applied to them (we push or pull on them).
as sound Those objects will vibrate back and forth (past their original resting
sources positions) for a bit after the force that originally deformed them is removed.
That vibration produces sound.

6. (10 min) Then continue the discussion to help students connect these principles to explaining
the anchoring phenomenon with the record making noises as the needle scratched it. Ask them,
“How can we apply the discoveries you made today to help explain how the needle and record
produce sound?”

When this discussion is complete, students should have a full cause and effect relationship that
explains why the record made noises as the needle scratched it. You may use the following
questions to guide this discussion.

Suggested Prompts:
=> What is the sound source in our anchoring phenomenon? What objects are interacting with each
other to produce sounds? What is pushing the needle back and forth or bending it back and forth
as the record spins?
=> Why must these objects be elastic (springy) too?

=> How does each push from the wavy grooves in the record cause the needle to bend and then
vibrate?

you may need to find some reflective duct
tape instead of a mirror. It is sold in a roll
for about $5 at local hardware stores. Stick
a piece of it to the top of the table surface.

Additional Guidance

If you try to say “All objects” instead of
“All solid objects,” students may counter
with the claim that this doesn’t apply to
gases and liquids. At this point that is a
valid critique based on the evidence they
have gathered so far, because the class has
only investigated solid objects, not gases or
liquids.

In later lessons, students will discover that
gases and liquids are springy too. Though
some engineers and scientists make
simplifications for modeling hydraulic
systems to say that liquids are not
compressible, in fact they are very slightly
compressible.
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At the end of this discussion, students should arrive at the following explanation of how the
interaction between the needle and the record produce sounds. Have students record this outline
of an explanation that you co-construct together in the Conclusions section of their Student Activity
Sheets:

1. Because all objects are springy, this means the needle (and/or the record) is springy.

2. Astherecord spins, wavy grooves in the plastic record move under the needle.

3. The needle is pushed back and forth by the record as its grooves move under it,
transferring energy to it.

4. When the needle is pushed to one side by the grooves in the record, it elastically deforms.

When the push is removed, the needle springs back, and it vibrates.

6. Because all vibrating things make sounds and the needle is vibrating, it makes a sound.

“o

7. (5 min) As time permits, help students brainstorm the new questions that arise from our
explanation that we want to investigate in our next lessons.

Suggested Prompts:

=> Ifthis is how sound is produced, why were there differences in the patterns in the grooves on the
record?

-> What might be different about the vibrations of all the other objects we observed (guitar strings,
tuning forks, xylophones, drums, tables) that caused them to produce different sounds?

Listen for student responses such as:

=> The shape of the grooves might be what causes different sounds.

= Something must be different about the vibrations of an object that leads it produce a different sound.
We should investigate that further.

= Maybe we can use some sort of detector, like the laser to investigate how the vibrations of different
sound sources compare.
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If time is short, assign the Next Steps questions as home-learning.

In addition to Next Steps, tell students that you came across an interesting article related to using
lasers and mirrors to detecting vibrations in other objects. §| Have students turn and talk about
this question before leaving, “Could we use a similar setup to detect vibrations in something larger
like a bell in a bell tower when it is struck or in the ground during an earthquake?” Then after
passing out Student Reading 4 and assigning it as home-learning, tell students that it will help us
gather information about some really cool ways that scientists have figured out how to use a
similar laser and mirror setup to measure vibrations of some really big things. Ask students to jot
down two to three new wonderings the readings generated for them or to draw and label a
diagram showing one of the ways scientists used lasers to measure vibrations.

@ ‘z] Formative Assessment
F = Opportunity

Checking Q1 through Q3 after students
have completed the reading (e.g., the next
day as bellwork or an entrance ticket) will
help you determine if students are
connecting key ideas between the
investigations in class and questions from
the reading.

Answer for Q1: In both cases a laser is
bouncing off the surface of an object, and
the dot would move when the object
vibrates.

Answer for Q2: The laser dot would move.
Answer for Q3: The dot would move twice
as much as in 10 years.

For Q3, students might not know whether
this means it would move twice as far (20
feet), or if it means that it would repeat the
10 feet of movement over again (doing it
twice). That is fine for now, as they will
know the answer to that after this lesson.
This question is designed to get them
thinking about proportional reasoning and
unit rates (CCMS standards for 6th grade)
so that they can apply it to making sense of
the patterns in the graphs in the next two
lessons.
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M Alignment With Standards

Building Toward Target NGSS PE Building Toward Common Core Standard(s)
e 1-PS4-1. Plan and conduct investigations to Comprehension and Collaboration: CCSS.ELA-LITERACY.SL.6.1
provide evidence that vibrating materials can Engage effectively in a range of collaborative discussions (one-on-one, in groups,
make sound and that sound can make materials and teacher-led) with diverse partners on grade 6 topics, texts, and issues, building
vibrate. on others' ideas and expressing their own clearly.

e (CCSS.ELA-LITERACY.SL.6.1.B Follow rules for collegial discussions, set

e 4-PS4-1. Develop a model of waves to describe
specific goals and deadlines, and define individual roles as needed.

patterns in terms of amplitude and wavelength

and that waves can cause objects to move.
e (CCSS.ELA-LITERACY.SL.6.1.C Pose and respond to specific questions with

elaboration and detail by making comments that contribute to the topic,
text, or issue under discussion.
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Previous Lesson...Where we have been: Students resolved their disagreement about whether all objects vibrate when they are making a sound using a new type of detector (a laser and a mirror). The results of
that test will provide evidence that all objects are elastic (springy) up to a point and that all objects vibrate when they make sound. The class applied this new idea back to the needle and record in order to partially
answer the question: How does the interaction between the needle and the record produce sounds?

3!

(]

This Lesson....What we are doing now: Students draw on experiences from earlier lessons to argue that hitting, plucking, or striking an object harder causes it to produce a louder sound. They
will argue that a wooden stick could be used to simulate the type of shape changes (vibrations) in any sound source. You will demonstrate how a new device (a motion detector) works and
students will make predictions about how a graph of distance vs. time for the end of the wooden stick would look for louder vs. softer sounds. The class will collect data from this detector and

o |students will analyze the data, noticing patterns in the graphs that start to introduce some important wave-like characteristics (amplitude and frequency) in the motion of matter that is vibrating.

Lesson
Question

Phenomena

Lesson Performance
Expectation(s)

What We Figured Out (CCCs & DClIs), New Questions and Next Steps

L5: How do the
vibrations of the
sound source
compare for
louder vs. softer
sounds?

1 period:
(40 min)

O

Building
toward

4
NGSS PEs:
1-PS4-1
4-PS4-1
MS-PS4-1

Previous phenomena related
to the deformation and
vibration of the table, guitar
string, drum face, and tuning
fork when struck

A wooden stick that we
clamp down and strike
reveals patterns in the
position of the end of the
stick as measured by a
motion detector.

Use mathematical and
computational thinking
using digital tools to analyze
patterns and trends in the
graphs of position vs. time
data for large vibrating
objects to provide evidence
of how the y-values (e.g.,
distance between a peak
and a valley) and x-values
(e.g., time between a peak
and a valley) on the graph
compare for deforming it by
different amounts
(simulating what happens
when creating loud vs. soft
sounds [amplitude
differences]).

We thought we could use a long wooden stick to see how the vibrations of the sound source change when it is struck or plucked to
make a louder vs. softer sound, because its vibrations could be easier to observe (they are slower), and every object vibrates by
changing shape back and forth.

We noticed patterns in the graphs of distance vs. time for the end of the vibrating wooden
stick. Some of those patterns changed, while others remained stable:

o The distance from the end of the stick to the detector over time went up and down and
changed in a repeating pattern (S-shape turned sideways).

e We decided to refer to each repetition in the pattern as a single wave.

® The high points (peaks) became less high and the low points (valleys) became higher (not
as low) as time increased.

o The harder-struck trial resulted in the peaks getting higher and the valleys getting lower
on the wave. This corresponded to the stick moving back and forth a smaller and smaller
distance (we decided to refer to that distance as amplitude).

® Changing how hard we struck the stick or length of time we measured the vibrations, didn’t affect the number of waves that
repeated in a certain amount of time (or the time from a peak to a valley). The frequency of the waves was stable (constant).

We updated our model to represent what we figured out now that we know that a loud sound makes a wave of greater amplitude on
our graph and a soft sound makes a wave of smaller amplitude on our graph, but the frequency of the vibrations doesn’t change. We
started wondering and predicting what the shape of the graph would look like if we make a sound with a different pitch.

Next steps: We start brainstorming how we might investigate our new question and make predictions of what those vibrations
might look like. And we want to collect more data on the vibrations from sound sources making notes with different pitches next
time.

Next Lesson...Where we are going: Students will draw on experiences with instruments and connect those to what they notice in playing a song from small music boxes. This will suggest changing the length of
the wooden stick from the last investigation in order to collect useful data on how vibrations at the sound source compare due to changes in pitch. You will collect data with the motion sensor to produce graphs
that help students notice new patterns of change related to the amount of time a vibration takes (its frequency] for sound sources that produce different pitch sounds (different notes).
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7] Getting Ready: Materials Preparation (total prep time is 60 min)

Materials for Each Student Gather Materials for the Whole Class (15 min)
e Lesson 5 Student Activity Sheets e A45 ft piece of 1/4 in. x 1-3/8 in. pine trim work (Search WM 267 1/4 in.x 1-3/8 in. x
e Student Reading 5 96 in. Pine Lattice Moulding at Home Depot) and a 3.5 ft. piece of the same trim work for
e Incremental Model Tracker sheets (partially the next lesson. This thin trim work vibrates at a low enough frequency for the motion
filled out from previous lessons) detector to detect it. This will become the object that students will first experiment with

that you will then clamp to the table and measure with the Vernier motion detector.
Meter sticks and yardsticks are a bit too thick and therefore vibrate a bit too fast to use
for the motion detection.

e (-clamp or spring clamp

Computer with Logger Lite software installed and configured (see additional directions

below)

Vernier motion detector

Ruler

Guitar or other stringed instrument

Xylophone and mallet

Prepare a piece of chart paper titled “Characteristics of Waves.”
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%] Getting Ready: Software Preparation

Downloading, Insl:alling, and Configuring the Software (15 min) Note: If you quit the program and restart it or restart the computer, you will need to repeat this process.

e Watch the Lesson 5 - Video Tutorial for Setting
up the Motion Detector.

2. Change this
| Experiment RO to 2 seconds

Data Collection

Mode: | Time Based B

1. Select

e Download and install Logger Lite. thismeny SRR waws B
(http://www.vernier.com/downloads/) fcoor"f;i;?on o o
e Plugin the Vernier motion detector to your < e
computer using the USB cable provided. S—— Swmon e 16
e Open Logger Lite software on your computer. 3. Change this
e Then follow the directions to the right to to 25 samples/second 4. Press Done
configure the graph settings AND/OR open the : —
video on Setting Up Logger Lite to Collect Data.
5. Double click in the graph 6. Select Axis Options

Nann Options
N — D,b [y 8. Change scaling for x-axis
This menu will pop up to Manual.

Yohxis oA
Change Left to 0.000

Labet: time Column: | Tim (s) B A
Rotate Tk Labeis: © [ Degress Change Right to 2.000
» Latest @ Make All Values Major Ticks /
Scaling:  vanua
7.. Change scaling for y-axis to Manual.
Change Top to 0.800 9. Press OK
Change Bottom to 0.200 " — -.//
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[5] Getting Ready: Setting Up the Detector, Clamp, and Stick (15 min)

It is suggested that you tape a flat
index card to the end of the stick.
This provides a larger surface for
the motion detector to pick up. Itis
recommended that you use the full
length of the stick, clamping it on
the far end of one part of the stick,
and putting the index card on the
other end of the stick. This will
provide the slowest rate of
vibration and will ensure that the
stick is not vibrating too fast for the
detector to pick up (the detector is
not able to detect objects vibrating
faster than 25 cycles per second).
For a smooth graph, the object
should be vibrating back and forth
less than three cycles per second.

at
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7] Getting Ready: Testing the Whole Setup

Testing the Setup (15 min)

Now that you have set up the software and the detector as well as the stick and clamp as shown on the previous pages, test the entire setup by doing the
following:

e (lick on the collect button in the Logger Lite Software. J
Collect
e You should see a graph like this produced. It should be a flat line, at a constant y-value

of 0.5 meters. The axis should have the values shown to the right.

e Give the end of the stick a small pluck (deform it about 5 cm), release it, and press the
collect button again.

e A graph similar to the one below should appear.

Draw Prediction

Foundation, and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern University. 4.0 License

/@v nethenStOl’y“neS Org These materials were developed with support from the Michigan Department of Education; the Gordon and Betty Moore This work is licensed under a Creative Commons Attribution 61
~ - i I BY


http://creativecommons.org/licenses/by/4.0/

Lesson 5: How do the vibrations of the sound source compare for louder vs. softer sounds? Teacher Guide v2.1
Middle School Unit: How Can We Sense So Many Different Sounds From a Distance? Feb. 2018

<> Getting Ready: Teacher Preparation

Background Knowledge for the Teacher Only

The graphs produced by the motion detector may appear to look like graphs shown in standard physics textbooks that show the abstract
representation of a wave.

But the graph produced can not yet be considered a wave. While it has the shape of a wave, a wave is an emergent property of both the oscillation
occurring at the source along with the accompanying transfer of energy that travels through space. But because the graph students are looking at is
from a single point source rather than from across space, it only represents oscillations occurring at one point in space.

Time is represented on the x-axis of the graph. That means that any measurement plotted horizontally refers only to things like period (the time it takes
for one repeated oscillation) or frequency (the number of repeated oscillations per time unit). There is no representation of wavelength yet on this
graph. Wavelength is an emergent property of the type of medium that the wave travels through, and it will appear as a characteristic of a pattern of
energy and matter in the medium within Lesson 13.

If students refer to the horizontal distance between wave peaks as wavelength, ask them to consider what the variable is on the x-axis of the graphs and
how we can describe the interval between two points in time. That will help them shift from thinking of that measure as wavelength to thinking of it as
the time between two waves (or period).

In the graphs produced from this vibrating stick, the frequency of vibrations will be constant, regardless of how much the stick is deformed. This is
similar to the behavior of a pendulum, whose period and frequency of oscillation is independent of how far you pull it back. It is also independent of its
swing length, but is dependent on the length of the pendulum.
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<> Getting Ready: Teacher Preparation

Alternative Student Conceptions Linking Our Understanding to
Scientific Terminology

Students are likely to make a prediction that the stick will go up and down after it is struck. But
most students will predict that the shape of the graph will be a series of up and down straight

e Wave
lines (sawtooth) rather than sinusoidal. This makes sense from a student’s perspective, because e X-axis (or horizontal axis)
there is nothing in the phenomenon up to this point that suggests that the vibrations will produce e Y-axis (or vertical axis)
curved lines in the distance vs. time graphs. Remember that middle school students are mostly e Distance
exploring linear relationships. Non-linear relationships and graphs aren’t the focus of the ® Peak
Common Core until eighth grade. e Valley
_ . ) ) e Frequency
Make sure students see how the motion detector works and what it is keeping track of by having a o Tt
[

volunteer move around in front of the detector and collect data on the graph. Period of time (optional)

Ask them what is being graphed and what each axis represents before having them make
predictions on their Student Activity Sheets for the stick.

Students may ask why the vibrating stick doesn’t make a sound. If they raise this idea, have them
write down these two questions:

e Why doesn’t the vibrating stick make a sound we can hear?
e If we know that all sounds come from sound sources that are vibrating, does that mean
that everything that vibrates produces sound?
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& «  Learning Plan: How do the vibrations of the sound  1period:
source compare for louder vs. softer sounds? (40 min)

4

1. (5 min) Ask students to summarize the type of shape changes we observed in the instruments
when they were vibrating in our previous lesson.

Tell students that in order to study these sorts of shape changes more closely, you brought in a much
larger object that you can make vibrate. Show students long wooden stick you will be using for this
demonstration. Ask students if this object would change shape in a way similar to the guitar string
and tuning fork.

Demonstrate Hwhat happens to a meter stick when it spans two tables or books and you push down
on the middle of it and release. Repeat this after you clamp one end of the meter stick down to the
table and lightly pull the other end down and release.

Have students complete the questions in the Planning Our Investigation section of their Student
Activity Sheets. Once they have finished these, ask students to share out their ideas.

Suggested Prompts:
=> Describe some of the ways that the behavior of the long wooden stick is similar to a guitar string or

tuning fork when you push or pull on it and then release it.
=> What are some advantages to investigating vibrations in a larger scale ﬁobject as opposed to a
tuning fork?

Listen for student responses such as:

=> They both vibrate (change shape back and forth) and make sounds.
=> Thevibrations in a large scale object might be easier to observe and see.

(Re)emphasize that scaling up could be useful for the reasons that the students shared and say that
when scientists study things that happen too quickly or too slowly, or that are too small or too large

Q Teacher Supports & Notes

Additional Guidance

Alternatively you could pass out a
meter stick to groups and have students
show what type of shape changes they
predict will occur after the meter stick is
struck.

## Supporting Students in using the
crosscutting concepts of scale

and systems

E Here is an opportunity to again
emphasize the crosscutting concept of
scale. You can make connections to the
idea that scientists often develop scaled
down or scaled up systems of things that
they want to study that are too small or
too large to study first hand. And they do
the same with things that are happening
too quickly or too slowly, but then they
try to figure out a way to slow it down or
speed it up in a different system.
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to study firsthand, they try to think of devices they can build that help them observe the same
processes on a different size or time scale (sped up, slowed down, zoomed in, enlarged, shrunk
down).

2. (5 min) Tell students that you have a detector that can help measure the motion of really fast
motion that could help us, and that you want to show them how it detects motion and how it displays
it on the computer.

Have students bring their Student Activity Sheets up to gather around the motion detector for a
demonstration. Demonstrate how it works by having someone holding a book stand about 0.5
meters from the range finder. Tell students that the probe measures the distance between it and the
nearest object in front of it. Direct the student with the book to walk slowly away from

the range finder probe once you say “go.” Have another student ready to press the ’
collect button in the Logger Lite application (shown to the right) when you tell the u
other student to go. Collect

Students should see the graph change. Ask students to describe what is shown on the graph.

Suggested Prompts:
Why does the graph have the shape it does?

What does the y-axis (or vertical axis) represent?
What units are along the y-axis?

What does the x-axis (or horizontal axis) represent?
What units are along the x-axis?

2 280 20 27

Listen for student responses such as:

= [t goes up because that shows you are getting farther away from the detector.
=> The y-axis represents the distance the object is from the detector.
= The y-axis is in meters.
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= The x-axis represents the time since the detector was started.
=> The x-axis is in seconds.

Now ask another student to demonstrate what happens if an individual moves even more slowly, but
this time the student will move toward the range finder probe. Ask another student to be ready to
press the collect button on Logger Lite when you give the word to start.

Suggested Prompts:
=> Why does the graph have the shape it does?

=> Why isn’t the graph as steep as before?

Listen for student responses such as:

= [t goes down because that shows you are getting closer to the detector.
=> [tisn’t as steep as before because you are moving more slowly.

Have students answer question 3 on their Student Activity Sheets.

Next place two pieces of tape 0.5 meters apart on the top of a table. Place the probe at one tape
location, pointing the detector at the other tape location. Now line up the end of the large wooden
stick (piece of pine trim work) so that it is above the second piece of tape and a flat face of it is
directly facing the range finder detector. Tighten the clamp down on the base of the stick so that it
doesn’t move when you push it. Show students this setup. Tell them that the end of the wooden stick
is 0.5 meters from the end of the detector.

Ask students what they predict the shape of the graph would be if we press the collect button, but
the object doesn’t move.

Suggested Prompt: Additional Guidance
=> What will the shape of the graph look like for this stationary object?
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Listen for student responses such as:

= [t should be a straight horizontal line.

Press the play button on Logger Lite to check their predictions. Have students answer questions 4
and 5 on their Student Activity Sheets.

Then have students turn to the Predict section of the Student Activity Sheets.

Tell them, “In Condition 1 we are going to strike the wooden rod lightly with a mallet to simulate
what happens when a sound source makes a softer sound. And in Condition 2 we are going to strike
the wooden rod harder in order to simulate what happens when a sound source makes a louder
sound.”

Direct students to label the titles for both predicted graphs on their Student Activity Sheets. Have

them sketch their predicted shapes for both graphs also.

3. (5 min) Ask for a student volunteer to a—
press the collect button for a new
experiment immediately after you strike
the wooden rod lightly with a mallet.

Your goal with this strike is to get therod -
to deform about 5 cm to 8 cm with the
strike.

08

Keep the graph projected on the screen.
Have students record their observations
in the table on the Student Activity
Sheets.

Whenever the wooden stick is being
struck, make sure no one’s body is behind
the wooden stick. The range finder probe
might detect that person’s body if it’s in
line with the detector. Strike it with a
mallet from the side, so that the position
of the person’s body doesn’t interfere with
the detector readings.

Additional Guidance

E Students may ask why the vibrating
stick doesn’t make a sound. If they raise
this idea, ask someone to write down
these two questions and add them to the
DQB:

e Why doesn’t the vibrating stick
make a sound we can hear?

e If we know that all sounds come
from sound sources that are
vibrating, does that mean that
everything that vibrates produces
sound?

Emphasize that we had other questions
on the DQB related to why we sometimes
don’t hear sounds, or why some people or
animals can hear some sounds that others
can’t. We should make sure to follow-up
on these questions in future lessons.

In later lessons, students will discover
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Take a screenshot of this graph to save to your desktop to display later (in the Conclusion section
and in the next lesson).

Remind students that you are about to strike the wooden rod harder.

Again ask for a student volunteer to press play for a new experiment immediately after you strike
the wooden rod. Your goal is to get the rod to deform about twice as far as before (i.e., about 15 cm).

Keep the graph projected on the screen and have students record their observations in the table on
the Student Activity Sheets. Take a screenshot of this graph to save to your desktop to display later.

4. (5 min) Drag both images into a Word file so they are stacked one
above the other. Zoom out so that both graphs can be seen at the
same time. An example is shown here.

Ask students to summarize the patterns they notice between both
graphs in the Observation section of their Student Activity Sheets.

Walk around to check student responses. Look for responses that hit
on the major points to pull out of the discussion in the Conclusion
section below. Call on some of these students to share their
responses in the next section (Step 5).

5. (15 min) Have a Building Understandings Discussion about these features in the graphs.

that the human ear can’t hear sounds
produced by objects vibrating at
frequency of less than 20 vibrations per
second. The board will be vibrating at a
frequency much slower than this (about
two to five vibrations per second).

Q

Having students come to the board to
point out the features of the graph as they

Strategies for this Building
Understandings Discussion

share out their noticings is a powerful
way to build a sense of learning
community that is being co-led by the
students. You may want to encourage
students to bring their Student Activity
Sheets with them as they scoot their
chairs closer to the board for this sharing
out. Here is an example from a 6th grade
classroom:

058

Supporting Students in using
mathematical and computational
thinking.

Help the class articulate what they

These materials were developed with support from the Michigan Department of Education; the Gordon and Betty Moore
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Make a public record of these ideas and have students record them (or a sketch of them) in the
Conclusion section (question 7) of their Student Activity Sheets.

Suggested Prompt:

=> What did your class decide were some important features in these patterns?

Listen for student responses such as:

There is an S-shape or wave-shaped pattern in both graphs; the pattern repeats.
The spacing between the high and low points gets smaller as time goes on.
The spacing between the high and low points (y-values) was less in the first graph when the rod was

struck softly.

The time between a high point and a low point appears to be the same within each graph and

between graphs.

= The time between two high points appears to be the same within each graph and between graphs.

Ask students to point to these parts on the graphs. Students are likely to refer to the high and low
points in both graphs. Suggest that we call these peaks and valleys, so we have a common way to

refer to this feature.

After talking about the spacing between the
y-values of a peak and valley, tell students:
“Scientists and engineers use a single word to refer
to this distance rather than always calling it the
distance between the y-value of a peak and the next
y-value of a valley. They simply refer to that
distance by the word amplitude.”

Suggested Prompt:

; /}'lplitude /\_/\_/
" St

i

Amplitude =065m-040m=0.25m

=> Amplitude starts with the same three letters as the word amp or amplified. Have you ever heard of

an amplifier? What does it do?

mean if they say it is wave-shaped:
e What do you mean it is
wave-shaped?
How many waves?
Where does one wave start and
another stop?

Ask students to describe what part of the
spacing they are referring to: the vertical
space (distance) or the horizontal (time).

This will help us see that there is a
repeating pattern from one peak to the
next or from one valley to the next. Use
this to have students show how we can
count how many times that pattern
repeats (or how many waves are visible
across the duration of the graph).

Encourage students to calculate the
differences between y-values from peak
to valley or differences between values
from one peak to another. Students
should see that the time between peaks
doesn’t appear to be changing; only the
distance or vertical elevation between a
peak and a valley seems to be shrinking.
You can connect this to what students
observed in the laser demo too where the
blur of the laser spread out over less
space as the volume of the sound died out.
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Listen for student responses such as:

= [t makes sound louder.

Tell students that amplitude of a vibration refers to how loud that sound is. Add a labeled sketch of
this representation (or add an annotated print-out of this) to a poster paper titled “Characteristics
of Waves.”

Now ask students to determine how frequent these peaks and valleys are in both graphs.

m Supporting Students in using
mathematical and computational

thinking.

Suggested Prompts:
-> How frequent are these peaks?

=> How can counting the waves and looking at the x-axis values helping us figure that out?
=> How many peaks occur in the 2 seconds for both graphs?
=> Are the number of peaks the same as the number of valleys?

This sort of proportional thinking
about frequency (vibrations per second)
is a repeating theme of many of the

questions that students will see in their
Tell students to turn and talk with a partner to quickly calculate how many peaks there should be in || home-learning assignments. And it is a

10 seconds if the time between the waves isn’t changing and if the vibrations keep repeating just as part of an assessment item in Lesson 7.
frequently as they are in the graph. Since proportional thinking, unit rate, and
equivalent fractions are such a big focus
Listen for student responses such as: in the Common Core Mathematical
Standards, we integrate it as a focus of
=> Since the time would be five times longer, there should be five times as many peaks and valleys. this unit starting in this lesson.

Point out that scientists and engineers use a single word to state how frequently vibrations are
occurring by saying, “If scientists or engineers think that the same number of vibrations are
occurring in the same amount of time so that if you double the amount of time, there should be
double the vibrations, or if you triple the time there should be triple the vibrations, then they simply
say that those waves will have the same frequency. So in our case we are predicting that for 10
seconds there should be the same frequency of waves as there is in 2 seconds. The number of
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vibrations should be directly proportional if the
frequency isn’t changing. ” Additional Guidance

4 waves in 3.7 seconds

Add a sketch of this representation to the poster paper
in the room titled “Characteristics of Waves.” Show
how to count the number of waves and corresponding

Many classes of students we have
tested these materials with do suggest

amount of time for those waves. Use these two e —TOIHOREV (VRS U SHc000) =4 vives £3 748 this idea.
b = 1.08 waves per second

numbers to show how to calculate the frequency. An

example is shown here. = : o

Students may now want you to set up the detector so that it runs for 10 seconds to collect evidence
to confirm their prediction. Directions for altering the duration of data collection so that you can do
this are provided in the video for Setting Up Logger Lite to Collect Data video.

Switch to a Consensus Building Discussion and have students take out their Incremental Model
Tracker sheets.

Suggested Prompt:
-> How does what we discovered from the graphs help us answer our original question, “How do the
vibrations of the sound source compare for louder vs. softer sounds?”

Listen for student responses such as:

=> The amplitude of the vibrations from the sound source would decrease as the sound gets quieter and
increase as it gets louder.
=> The frequency of the vibrations won’t change when only the volume of the sound source changes.

Have students record these ideas in their Incremental Model Tracker sheets for Lesson 5 along with
a sketch of amplitude.
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Lesson Part of the Model What We Figured Out That We Added to Our Model
Date
5 A e The amplitude of the vibrations from the sound
How the vibrations of an source would decrease as the sound gets quieter _
object compare when it is and increase as it gets louder. / :\ m
producing louder vs softer e The frequency of the vibrations occurring won'’t
sounds change when only the volume of the sound
source changes. Amplitucle

6. (5 min) Summarize that even though we know how to describe the difference in vibrations for
sounds of different volume, we know there are other ways that sounds can differ. Prompt students
to describe other ways that sounds differ.

Suggested Prompts:

=> Other than volume, how else do sounds differ?

=> What other ways can we describe the difference between two sounds from a musical instrument?
-> How could we use the stick to investigate that?

Listen for student responses such as:

=> Sounds can be different notes or pitches.
= We should investigate how the vibrations from sound sources producing different notes compare.

Ask students to record their thoughts regarding how we might go about investigating these ideas
next time. Direct them to question 8 on their Student Activity Sheets.

Assign students Student Reading 5 at the end of this lesson. To motivate this assignment, ask
students how many of them heard a ticking sound when the motion detector was recording data.
Tell students that each tick they heard was the motion detector recording a sample, and that tonight
they will learn more about how the motion detector does that.

Additional Guidance

Your goal is to help students articulate
that differences in pitch are another
aspect of sound to investigate. This may
help them start thinking about whether
there might be something different about
the nature of the vibrations at the sound
source when there is something different
about the pitch or note.

If students don’t raise this idea, look back
at questions from the DQB or point out
the most closely items from the patterns
we noticed chart in Lesson 1, and use that
as a reference point to motivate this idea
as a potentially useful direction to head in
the next lesson.

® @ Formative Assessment
F ~ Opportunity

Or you could have them record these
on an exit ticket. On that exit ticket you
could also ask students these questions as
well as:

a) “What did we discover is different about
the vibrations of sound sources that are
louder?

b) “What did we discover doesn’t change
about the vibrations from the same sound
sources when it is louder or softer?

Foundation, and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern University. 4.0 License
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M Alignment With Standards

Building Toward Target NGSS PE Building Toward Common Core Building Toward Common Core
Standard(s) ELA Standard(s) MATH

e 1-PS4-1. Plan and conduct
investigations to provide evidence Comprehension and Collaboration: e Leveraging this standard:
that vibrating materials can make CCSS.ELA-LITERACY.SL.6.1 CCSS.MATH.CONTENT.5.G.A.2:
sound and that sound can make Engage effectively in a range of collaborative Represent real world and
materials vibrate. discussions (one-on-one, in groups, and mathematical problems by graphing

teacher-led) with diverse partners on grade 6 points in the first quadrant of the

e 4-PS4-1. Develop a model of waves topics, texts, and issues, building on others' coordinate plane, and interpret
to describe patterns in terms of ideas and expressing their own clearly. coordinate values of points in the
amplitude and wavelength and that context of the situation.
waves can cause objects to move. e (CCSS.ELA-LITERACY.SL.6.1.B Follow

rules for collegial discussions, set e Building toward this standard:

e MS-PS4-1. Use mathematical specific goals and deadlines, and CCSS.MATH.CONTENT.8.F.B.5
representations to describe a define individual roles as needed. Describe qualitatively the functional
simple model for waves that relationship between two quantities
includes how the amplitude of a e CCSS.ELA-LITERACY.SL.6.1.C Pose by analyzing a graph (e.g., where the
wave is related to the energy in a and respond to specific questions function is increasing or decreasing,
wave. with elaboration and detail by making linear or nonlinear). Sketch a graph

comments that contribute to the that exhibits the qualitative features
topic, text, or issue under discussion. of a function that has been described
verbally.
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Middle School Unit: How Can We Sense So Many Different Sounds From a Distance?

Previous Lesson...Where we have been: Students used a motion detector to collect and analyze the data, noticing patterns in the graphs from a vibrating wooden stick that revealed some important wave-like
characteristics (amplitude and frequency] in the motion of matter that is vibrating. Based on these patterns they were able to conclude that the amplitude of a vibration changes, but not the frequency when the
loudness of a sound changes.

)

O

This Lesson...What we are doing now: Students will draw on experiences with instruments and connect those to what they notice in playing a song from small music boxes. This will suggest
changing the length of the wooden stick from the last investigation in order to collect useful data on how vibrations at the sound source compare due to changes in pitch. You will collect data with
the motion sensor to produce graphs that help students notice new patterns of change related to the amount of time a vibration takes (its frequency) for sound sources that produce different pitch
o |sounds (different notes).

Lesson
Question

Phenomena

Lesson Performance
Expectation(s)

What We Figured Out (CCCs & DCls), New Questions and Next Steps

L6: How do the
vibrations from
different sound
sources compare
for higher vs. lower
pitch notes?

1 period:
(445 min)

(s

oO

Building
toward

4
NGSS PEs:
1-PS4-1
4-PS4-1
MS-PS4-1

A guitar string plucked
with a finger pressing on
the string at different
locations, xylophone
bars of different lengths
hit with a mallet, and
music boxes that we
wind and play in our
hands show patterns in
the pitch of the note vs.
the length of the object
that is struck or plucked.

We see patterns in the
effects on a long, thin
wooden stick that we
clamp down and strike
and then, using a motion
detector, measure the
position of the end of
the stick.

Analyze and interpret
data to determine a
causal relationship
between the length of a
tine/bar and the pitch of
the note produced (effect)
by a music box or
xylophone.

Use mathematical and
computational thinking
using digital tools to
analyze patterns and
trends in the graphs of
position vs. time data for
vibrating objects of
different lengths to
provide evidence of how
the y-values (e.qg., distance
between a peak and
valley) and x-values (e.g.,
time between a peak and
a valley) on a graph
compare for different
pitch sounds.

Develop a Model: Modify
our consensus

Last time we were wondering: What would the shape of the graph look like if we make a sound with a different
pitch?

We investigated various musical instruments and noticed patterns in the notes produced by the structures in
these various instruments (a guitar, a xylophone, and a music box):

e Shorter tines, strings, and bars created higher notes when struck or plucked.

o Something looked different about how the tines were vibrating.

This led us to come up with an idea of how we could reuse the wooden stick device and the motion detector to

investigate what is happening at the sound source when higher or lower notes are produced. We decided to shorten the stick to make a
scaled-up version of a shorter tine (which was making a note with a higher pitch) and compare its vibrations to those made when it was a
longer tine (a lower note). We reduced the length of the wooden rod a bit (e.g., shorter by 10 cm) after we made some predictions to our
original question: What would the shape of the graph look like if we make a sound with a different pitch?

We used the motion detector and collected data from the different length wooden rods and noticed patterns:
® The amount of time it took for one wave to occur was less for shorter rods.
® We can see more waves across the same unit of time for shorter rods (e.g., five waves passed in two seconds, compared to three
waves in two seconds for a longer rod).
LG

Sound Sources
mnoves back
and forth o
lacger dictance| ~ 2
=\an3er anplitudel

In discussing various features in all the graphs, we argued we needed a way to refer to two
features that revealed important patterns:

o We argued that we needed a way to refer to the distance between a high point and the
next low point, because that was sometimes changing and sometimes staying relatively
constant. We agreed to refer to this characteristic as the amplitude of the wave.

o We decided we needed a way to refer to how often the waves are repeating, because
that was sometimes changing and sometimes staying relatively constant. We agreed to
refer to this characteristic as the frequency of the wave (more frequent waves are ones
that occur more often, less frequent ones occur less often).

o \mﬁhe -
pitch
Sound
=(nore Frequently

~ higper Freguency

@\v nextgenstorylines.org

These materials were developed with support from the Michigan Department of Education; the Gordon and Betty Moore
Foundation, and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern University.

This work is licensed under a Creative Commons Attribution
4.0 License i i

O "°



http://creativecommons.org/licenses/by/4.0/

Lesson 6: How do the vibrations from different sound sources compare for higher vs. lower pitch notes? Teacher Guide v2.1
Middle School Unit: How Can We Sense So Many Different Sounds From a Distance? Feb. 2018

model—based on
evidence—to match what | We used the graphs of the wooden rod motion as evidence from both lessons to argue the following two points:

happens if a variable or o The amplitude of the vibration cycle/wave increases as the sound gets louder. (DCI: A simple wave has a repeating pattern with a

component of a system is specific . . . amplitude.) (MS-PS4-1)

changed, showing how e The frequency of the vibrations changes as pitch changes. Higher pitch sounds come from sound sources that are vibrating more

causing a sound source to quickly. (DCI: A simple wave has a repeating pattern with a specific . . . frequency, and amplitude.) (MS-PS4-1)

vibrate with greater

amplitude produces a We updated our model (see diagram above) to show some important cause and effect relationships. As we took stock of our updated

louder sound (effect), and | model, we realized that although we feel we have figured out some of the answers to some of our questions about how different sounds

how causing a sound are produced (different sounds are produced from differences in the way the sound source vibrates), we haven’t agreed on a way to explain

source to vibrate at an how the sound gets from a sound source to our ears.

increased frequency

produces a higher pitch Next steps: We think we can apply what we know to any new phenomena where sound is being produced to explain what is happening

sound (effect). at the sound source for different kinds of sounds, and we agree to self-assess our understanding with a new phenomenon in our next
lesson.

Next Lesson...Where we are going: Students will connect three ideas together to go back and explain the anchoring phenomenon in further depth than they last did in Lesson 3. They will revisit one of the two
previous data sources (video of song playing, or the the homemade needle and record) and will also simulate the interaction of the needle and the record surface using manipulatives. And they will use these
results to make claims for how the different patterns in the grooves could force the needle to deform a different distance and vibrate at different frequencies. Last of all, students will take an embedded individual
assessment, applying what they learned to explain new phenomena to mark the end of Bend 1 of this storyline.
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[5] Getting Ready: Materials Preparation (total prep time is 45 min)

Materials for Each Student Materials for Each Group Materials for the Whole Class
e Lesson 6 Student Activity e Transparent music boxes (Amazon sells music boxes e Guitar or other stringed instrument
Sheets for under $5 from Kirkland) e Xylophone and mallet
e Student Graph Analysis 6 (1) o The same Vernier motion detector, clamp,
e Incremental Model Tracker If you don’t have music boxes for students to use, then and stick setup from previous lesson
sheets (partially filled out from these videos may be helpful supplements to show. Show e Computer with Logger Lite installed and
previous lessons) both to see the effect of tine length on pitch produced: configured (see additional directions on

. . . . how to do this in previous lesson)
e Video of a 3D printed music box playing:

https://www.youtube.com /watch?v=0uU54SiNYEs

<> Getting Ready: Teacher Preparation

Alternative Student Conceptions Linking Our Understanding to Scientific Terminology
Now that students have seen the curved shape of the graph produced in the e Wave
previous lesson, they are likely to draw curved graphs in their predictions here. e X-axis (or horizontal axis)
e Y-axis (or vertical axis)
Many students, however, will be drawing predictions in this lesson showing the e Distance
amplitude of the graph changing for a high vs. low pitch note. Few students will e Peak
predict the frequency of the graph to change. e Valley
e Frequency
e Amplitude
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2 a
4

1 period:
(45 min)

Learning Plan: How do the vibrations of the
sound source compare for higher vs. lower
pitch notes?

1. (2 min) Ask students to summarize what we decided we wanted to investigate in this lesson.
Have students brainstorm some types of musical instruments that can be struck or plucked and
can produce different notes of different pitches. Direct them to write these down in question 1 of
their Student Activity Sheets.

Listen for student responses such as:

=> Piano, xylophone, harp, guitar

2. (8 min) Ask students to make observations about three instruments, two of which you will
demonstrate, and one of which they will manipulate. Emphasize that you want them to pay
attention to anything they notice about the structure of the instruments as you play different
notes. ﬁ

Demonstrate plucking a guitar or violin string (Device A), and press your finger down on the string
to shorten the length of the part of the string that is vibrating each time you pluck it. Then reverse
this pattern. Have students record the name of the musical instrument and what they observed in
their Student Activity Sheets.

Demonstrate striking different bars on the xylophone (Device B). Work your way up and down the
scale. Have students record the name of the musical instrument and what they observed.

Finally, tell students that you are going to pass around one music box (Device C) for each group to
investigate. Tell students that they have to crank the handle in one direction for it to work and to
look closely at the structures of the device as it plays notes. Instruct students to record the name of
this device and what they observed.

<> Teacher Supports & Notes

Strategies for this Sharing Initial
Ideas Discussion

Q

A turn-and-talk discussion with a
partner may be more time efficient than
having students write their ideas on the
Student Activity Sheets, but space for that
option is provided.

Supporting Students in Using
Crosscutting Concepts

E You may want to emphasize the
relationship between structure and
function by introducing the idea that
similar structures tend to have similar
functions.

M Supporting Students in ELA

Write the word xylophone on the
board, because some students will ask how
to spell it.

These materials were developed with support from the Michigan Department of Education; the Gordon and Betty Moore
Foundation, and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern University.
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Pass around one music box to each group. Collect them after 3 minutes. Additional Guidance

At the same time you are collecting
these, you may want to put one under a
document camera with the view zoomed
into the tines for the students to see as
they work with a music box in their hands.

3. (5 min) Have students in small groups complete the Making Sense and Next Steps sections (Q2
and Q3) in their Student Activity Sheets. Then ask students to briefly share these with the class.

Suggested Prompts:

=> What did you observe was making the different notes in the music box?

=> Do you think there were any differences in the vibrations that were being made as different notes

were being produced by the music box?

=> What should we change about the wooden stick we used in the last investigation if we wanted to
represent the different structures that were producing different notes in the music box?

Or you may want to show a short video of
a 3D printed music box as you are
collecting the ones you gave the students:
https://www.youtube.com/watch?v=0ulU5

. 4SiNYE
Listen for student responses such as: £JELLS

=> Shorter bars, tines, or strings create higher notes when struck or plucked.

= Something about how it vibrates (changes shape back and forth) should be different between a short
stick and a long stick that would explain why it produces higher or lower notes.

= Striking a shorter stick and measuring its position should help us simulate what is happening with a
tine (or a xylophone bar or a guitar string) that is producing a higher note.

4. (3 min) Tell students that we will use the large wooden stick from the setup in the last lesson for
our first trial, and we will replace it with a smaller wooden stick the second time. Say that each
time you are going to pull both of the sticks back the same distance (0.1 meters or 10 cm). Have
students record the following as titles for the two graphs they will be predicting:

e Condition 3: Longer length produces a lower pitch (pulled back 0.1 meters)
e Condition 4: Shorter length produces a higher pitch (pulled back 0.1 meters)

Have them sketch their predictions for how vibrations of both of these objects will compare in the
graphs on their Student Activity Sheets.
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5. (5 min) Ask for two student volunteers. One student is needed to pull the stick back 0.1 m (10
cm) and then release it. The other one will press the collect button immediately after the other
student releases the pulled back stick.

Collect the data and then keep the graph projected on the screen. Have students record their
observations in the table column labeled “Graph 3” on their Student Activity Sheets.

Take a screenshot of this graph to save to your desktop to display later (in the Conclusions section
and in the next lesson).

Replace the long wooden stick with a shorter wooden stick. Again ask for a student volunteer to
press collect on a new experiment, immediately pull the stick back 0.1 m (same amount of
deformation as the first experiment). Keep the graph projected on the screen and have students
record their observations in the table column labeled “Graph 4” on their Student Activity Sheets.

Take a screenshot of this graph to save to your desktop.

6. (10 min) Drag both images into a Word file so they are stacked one above the other. | Zoom out
so that both graphs can be seen at the same time.

Ask students to summarize the patterns they notice between both graphs in question 5 of their
Student Activity Sheets.

Then project the two graphs from the previous lesson (Lesson 5) next to the two graphs from this
activity. Direct students to gather around the projected images and compare both sets of graphs.
Have them complete the table and Q4 and Q5.

Then ask students to describe patterns they notice.

Listen for student responses such as:

=> There are more waves for the 2 seconds we recorded them in the shorter stick than there were in the

Additional Guidance

Make sure no one is standing behind
the stick when it is pulled back. The range
finder probe might detect that person’s
body if it's in line with the probe. Have the
student stand off to the side as the stick is
pulled back, so that the position of the
person’s body doesn’t interfere with the
detector readings.

@ Classroom Artifact

An example of this is shown here:
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longer one.

=> The amount of time it takes for one vibration is shorter for this shorter stick than it was for the
longer one. It has a shorter frequency.

= Asingle wobble back and forth looks like it takes the same amount of time across all the vibrations
from a single stick (the frequency is constant when the length of the stick doesn’t change).

Have students determine the highest amplitude of the wave and its frequency.
Listen for student responses such as:

=> The amplitude is less when you pull it or strike it harder, and gets less and less over time.
=> There are more waves in the same amount of time; the amount of time for one wave (period) is less.

= The frequency of waves (number of waves per second) increased from the longer stick to the shorter
stick.

Then ask students to make some predictions.

Suggested Prompts:
=> What do you predict would happen to the frequency of vibration waves if we made the stick even
shorter and struck it just as hard?

=> What do you predict would happen to the frequency of the waves if we used a much longer stick
and struck it just as hard?

Listen for student responses such as:

= Ifwe made the stick even shorter, the frequency would increase.
= Ifwe used a much longer stick, the frequency would decrease.

7. (5 min) As a class, complete the Conclusions question (question 8) together. Come to consensus
on the following ideas:

e Shorter length bars produce higher pitch sound when struck.
e Shorter length bars vibrate more frequently than longer length bars when struck.
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e Sound sources that produce higher pitch notes vibrate more frequently.

Have student summarize these ideas in their Incremental Model Tracker sheets for Lesson 6 along
with a sketch of how to calculate frequency.

Lesson Date Part of the Model What We Figured Out That We Added to Our Model

6 A e  Shorter length bars produce higher

Why different pitch sound when struck. e | E—

objects produce e  Shorter length bars vibrate more
different pitch frequently than longer length bars
sounds when struck. e s e e

e  Sound sources that produce higher
pitch notes vibrate more frequently.

8. (5 min) Ask students to bring their Student Activity Sheets to meet A

around the Class Consensus model to update it as shown here. T
mnoves back
ond forthn o
locaer dictance
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Suggested Prompts: Cort pwicker

- What do we know about how the needle and the record surface ‘;ﬁ;ﬁ}&f{ﬁ'ly
interact that might help explain how it could be producing so many
different sounds with different pitches and different volumes?

=> How might we go about investigating this question?

eor hears

der
{"“gwa

Ask students if they think they could apply this model back to the
record and the needle.

Listen for student responses such as:

=> There are bumps in the grooves that make the needle move back and forth as the record spins.

=> The patterns in the grooves might affect how it moves back and forth (in terms of amplitude or
frequency).

= We need to look at the record and the needle more closely.

Additional Guidance

The goal here is to get the class to
suggest that we apply these ideas back to
explaining more about the needle and the
record—specifically, how they produce all
the different kinds of sounds we hear. Q9
and Q10 on the student activity sheets
provides optional space for students to
write their ideas down. Alternatively, you
could have them turn and talk with a
partner about these questions. If time is
short you could add Q9 and Q10 questions
to the home-learning assignment below.
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Assign Student Graph Analysis 6 as home-learning. || Emphasize that the practice in analyzing and
making graphs that represent different sound sources vibrating at different amplitudes and
different frequencies is what the goal of this assignment is, and it is an important form of

mathematical and computational thinking that you will ask students to do and be assessed on at
the end of Lesson 7.

Formative Assessment
F — 3 Opportunities

Assign this home-learning to be
collected at the start of class next time. This
will give you a day or two before the
individual assessment at the end of the
next lesson to provide feedback to students
to help guide their understanding and
revisions before that assessment.

This is a key practice opportunity for
students to work with the kind of graphs
they will see in the assessment.

Foundation, and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern University. 4.0 License http://creativecommons.org/licenses/by/4.0/
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M Alignment With Standards

Building Toward Target NGSS PE Building Toward Common Core Building Toward Common
Standard(s) ELA Core Standard(s) CCSS.MATH

e 1-PS4-1. Plan and conduct
investigations to provide evidence Comprehension and Collaboration: e Leveraging this standard:
that vibrating materials can make CCSS.ELA-LITERACY.SL.6.1 CCSS.MATH.CONTENT.5.G.A.2:
sound and that sound can make Engage effectively in a range of collaborative Represent real world and
materials vibrate. discussions (One-on-one' in groups, and mathematical problems by graphing

teacher-led) with diverse partners on grade 6 points in the first quadrant of the

® 4-PS4-1. Develop a model of waves topics, texts, and issues, building on others' coordinate plane, and interpret
to describe patterns in terms of ideas and expressing their own clearly. coordinate values of points in the
amplitude and wavelength and that context of the situation.
waves can cause objects to move. e (CCSS.ELA-LITERACY.SL.6.1.B Follow

rules for collegial discussions, set e Building toward this standard:

e MS-PS4-1. Use mathematical specific goals and deadlines, and define CCSS.MATH.CONTENT.8.F.B.5
representations to describe a individual roles as needed. Describe qualitatively the functional
simple model for waves that relationship between two quantities
includes how the amplitude of a e CCSS.ELA-LITERACY.SL.6.1.C Pose and by analyzing a graph (e.g., where the
wave is related to the energy in a respond to specific questions with function is increasing or decreasing,
wave. elaboration and detail by making linear or nonlinear). Sketch a graph

comments that contribute to the topic, that exhibits the qualitative features
text, or issue under discussion. of a function that has been described
verbally.
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and the record when you spin it? (includes embedded assessment #2)
Middle School Unit: How Can We Sense So Many Different Sounds From a Distance?

Previous Lesson...Where we have been: Students drew on experiences with instruments and connected those to what they noticed in playing a song from small music boxes to argue that changing the length of
an object would provide useful data on how vibrations at the sound source compare due to changes in pitch. Students collected data with the motion sensor to produce graphs that helped them notice new
patterns of change related to the amount of time a vibration takes (its frequency) for sound sources that produce different pitch sounds (different notes).

<

O

This Lesson....What we are doing now: This lesson marks the end of Bend 1. You will help students connect three ideas together to go back and explain the anchoring phenomenon in further depth
than they last did in Lesson 3. They will revisit one of the two previous data sources (video of song playing or the the homemade needle and record) and will also simulate the interaction of the needle
and the record surface using manipulatives. They will use these results to make claims for how the different patterns in the grooves could force the needle to deform a different distance and vibrate
© |atdifferent frequencies. Last of all, students will take an embedded individual assessment applying what they learned to explain new phenomena.

Lesson
Question

Phenomena

Lesson Performance
Expectation(s)

What We Figured Out (CCCs & DCls), New Questions and Next Steps

L7: How can so many
different sounds be
coming from the
needle and the record
when you spin it?

(includes embedded
assessment #2)

3 periods:
(40 min each)

(83

%

Building toward

4
NGSS PEs:
1-PS4-1
4-PS4-1
MS-PS4-1

The anchoring
phenomenon from
Lesson 1

A harp player in a video
is plucking strings of
different lengths as
different sounds are
heard coming from it.

Optional:

A wooden stirrer
vibrates at different
frequencies when its
thickness is increased
(doubled, tripled) and it
is plucked.

Stretching the neck of a
balloon as it deflates
affects the pitch of the
sound that is produced.

.

Argue from evidence by
respectfully providing and
receiving critiques about
each other’s claims,
explanations, models, and
questions by citing
relevant evidence and
posing and responding to
questions that elicit
pertinent elaboration and
detail to help explain how
the variation in the

patterns in the structure of

the grooves on the record
could force (cause) the
needle to vibrate at
different frequencies and
with different amplitudes,
resulting in it (effect)

producing different sounds

as you spin it.

The embedded assessment
#1 also targets a subset of

the Lesson Performance
Expectations from lessons
2 through 6.

We wondered how these ideas we had developed so far might be used to explain how the needle produces so many different sounds.

We had some predictions that the variation in the patterns in the bumps or shape of the grooves on the record might be forcing the needle
to vibrate at different frequencies and amplitudes, so we wanted to look at one of these two data sources we had seen before to see if we
could see evidence of this: (1) the Michael Jackson video of the closeup of the needle on the record, and (2) our own homemade needle and
record from the anchoring phenomenon.

Based on our observations of one of these data sources and our ideas we developed so far, we argued from evidence that
e high notes and low notes, quiet sounds and loud sounds were produced at different points along the record surface;
e the needle must be vibrating at a greater frequency if it is producing higher pitch notes and lower frequency if it is producing lower
pitch notes; and
e the needle must be vibrating with a greater amplitude if it is producing a louder sound and a lesser amplitude if it producing a quieter
sound.

But it seemed really hard to clearly see changes in frequency and amplitude in the vibrations of the needle as when we had the motion
detector. We decided a large scale object (like a ruler, a straw, or a coffee stirrer) could help us visualize this predicted motion of the needle

as it interacted with the patterns in the grooves when the record was spun.

We used a coffee stirrer and a photograph of the record surface grooves to simulate its motion as they interacted with each other.

We argued from evidence from the results of the previous simulation that, “Different sections of grooves could force the needle to deform
different distances, and therefore move back and forth at different amplitudes as the record is spun.”

We updated our Incremental Model Tracker to include these ideas:
e Different patterns in the grooves can force the needle to deform different distances, and therefore move back and forth at different
amplitudes as the record is spun.
e Different patterns in the grooves can force the needle to move or bend back and forth at different frequencies as the record is spun.
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In light of the claims we had made so far, we predicted how spinning the record faster would affect the sounds produced, and we tested
our prediction.

We individually assessed our understanding by applying the ideas we figured out to a explain a new phenomenon (someone playing a harp)
and analyzed new sets of vibration-related data in our Lesson 7 - Assessment # 1.

Next steps (Optional): After this assessment, we selected one of three enrichment activities that we were most interested in finding out
more about. One, an interactive reading, was related to how humans produce sounds with their voices. The other two, investigations to
collect data on at home, were about how changing the thickness or tightness of an object affects how frequently the object vibrates after
being struck or plucked.

Next Lesson...Where we are going: The next lesson marks the start of Bend 2. Students will look at another phenomenon (a truck stereo playing music very loudly) and a surprising effect: the movement of
windows in a building across a parking lot. This phenomenon will problematize something about their model that they took for granted—namely what the thing was that was traveling from the sound source to our
ears, detectors, or to any object far away. This will help motivate future lessons around questions regarding what is happening with the air (or any material) that sound travels through and what exactly sound is.
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[Z] Getting Ready: Materials Preparation

Materials for Each Student

Materials for the Whole Class

® Lesson 7 Student Activity Sheets
® Lesson 7 Record Surface Student Handout (1) e
o Incremental Model Tracker sheets (partially filled out from e
previous lessons)
e Wooden or plastic coffee stirrer OR straws OR an unbent paperclip
(1)

® Lesson 7 Assessment #1 (1)

Differentiated options for students for after the assessment: °
o Supplemental Investigation 74 (1) and 6 wooden coffee stirrers
e Supplemental Investigation 7B (1) and a balloon. (If you use latex

balloons, check for latex allergies first) °

e A printout of this reading on how humans produce sounds:
http://www.npr.org/templates/story/story.php?storyld=129083762 °
[}

The record, turntable, cone and needle apparatus from Lesson 1
Video clips from lesson 2:
m Video 1 - Michael Jackson Thriller Tracking the Needle on the Vinyl
(show only 19:47 to 22:20)
o  https://www.youtube.com/watch?v=ova gsOGRG4&t=1339s
m Video 2 - path of the needle in a vinyl LP under the microscope
o  https://www.youtube.com/watch?v=yUDclk]pMfo
A new video clip of a harp being played is at either of these URLs
o http://goo.gl/qEzZNmZ
o  https://www.youtube.com/watch?v=emLXIFXieOk
Lesson 7 Record Surface Student Handout to project to the whole
class
Meter stick
Computer with projector

Materials for the Teacher

e Lesson 7 Student Assessment Key
® Lesson 7 Record Surface Student Handout to project
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<D Getting Ready: Teacher Preparation

Background Knowledge for the Teacher Only

This lesson is designed to help students review and restate the big ideas they have figured out in in the previous lessons in many different ways, and
put them together to explain the anchoring phenomenon.

It is also designed to help prepare them for an individual assessment on these ideas on the third day of this lesson. If you think it may be helpful for
students to know you are planning on doing an individual assessment on the ideas that the class has figured out so far, and that today and tomorrow
will help them review and extend their thinking about these ideas to get ready for that assessment, tell them this at the start of this lesson.

In this lesson, you are trying to support a “Putting Pieces Together” routine. All of these activities are designed to help students articulate and review
these big ideas in multiple ways before the individual assessment: (a) talking with a partner about the ideas we figured out, (b) the attempt to predict
how they apply to the needle and the record, (c) the manipulation of the wooden stick in two investigations using these ideas, and (d) the going public
with these ideas by presenting them again around the image of the record surface are designed to help students articulate.

And by applying them back to the original anchoring phenomenon, you are helping students develop a sense of closure on at least the first part of their
incremental model (what is going on at the sound source). Use the Lesson 7 - Student Assessment Key to provide students feedback after this lesson.

This lesson introduces the idea of a forced vibration. But no attempt is made to name this type of vibration, even though it is a different kind of vibration
than the natural vibration of an object that is struck or plucked once. In high school, the distinction between natural frequencies of objects and objects
that are forced to vibrate at non-natural frequencies because of repeated forces may be made.

The Framework for the NGSS refers to this DCI in the grade 9-12 band: Resonance is a phenomenon in which waves add up in phase in a structure,
growing in amplitude due to energy input near the natural vibration frequency. Structures have particular frequencies at which they resonate. This
phenomenon (e.g., waves in a stretched string, vibrating air in a pipe) is used in speech and in the design of all musical instruments. To prevent delving
too far into these off grade band ideas, no attempt was made to explain the resonance phenomenon related to wind instruments or what is happening
inside the sound hole on an acoustic guitar in Bend 1 of the storyline. All questions about what air is doing will be a big part of the investigations in the
second bend of the storyline.
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24

Learning Plan: How can so many different
sounds be coming from the needle and
the record when you spin it?

3 periods:
(40 min each)

1. (5 min) Direct students to the bulleted questions at the top of their Student Activity Sheets. Ask
them to discuss with a partner what we figured out so far that can help us answer some of the
questions we had about louder vs. softer sounds, higher vs. lower pitch notes, and how the needle
and the record player interact to produce sounds. i

Listen for student responses such as:

=> The vibrations from sound sources change in amplitude (how far they move) when they produce
louder vs. softer sounds.

=> The vibrations from sound sources change in frequency (how fast they move back and forth) when
they produce higher vs. lower pitch notes.

=> The bumps and wavy shapes in the grooves make the needle vibrate as the record is spun.

2. (5 min) Tell students, “I heard lots of key ideas being shared when I listened to your
conversations about amplitude, frequency, and the structure of the grooves on the record related
to the vibrations produced and the types of sounds that are made. But if differences in the volume
of a sound and differences in the pitch of a sound are due to the differences in vibrations you
described above, then wouldn’t something have to be making the needle vibrate at different
frequencies or deform with different amplitudes so that it produces different sounds? What might
be forcing it to change its pattern of vibration?”

Have students consider this question and ways to investigate it further by individually answering
questions 1 and 2 on their Student Activity Sheets. H

<> Teacher Supports & Notes

Strategies for this
Consensus Building Discussion

&R

Listen in to student discussions.
Everything that students are saying and
writing in this lesson is designed to help
students review and restate the big ideas
they have figured out in different ways as
well as prepare them for an individual
assessment on these ideas on the third day
of this lesson.

If you think it may be helpful for students
to know you are planning on doing an
individual assessment on the ideas that the
class has figured out so far and that today
and tomorrow will help them review and
extend their thinking about these ideas to
get ready for that assessment, tell them at
the start of this lesson.

@ Strategies for this Discussion

E Walk around and look at students’
responses. Find some that identify the key
ideas. Call on those students to help put the
correct ideas on the table. It's OK to do this

These materials were developed with support from the Michigan Department of Education; the Gordon and Betty Moore
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3. (10 min) Ask a couple students to share out their answers with the whole class.
Listen for student responses such as:

=> The bumps, ridges, and wavy patterns of the grooves on the record are what is forcing it to change
its pattern of vibration.

=> We need to look at the record and the needle again to see if its vibrations are changing as it
produces different sounds.

Ask students which of the two data sources they want to look at for the needle and the record.

Suggested Prompt:
=> We have two data sources we could look at that might provide the evidence we need: (a) the

Michael Jackson video of the closeup of the needle on the record, and (b) our own homemade
needle and record from the anchoring phenomenon. Let’s pick only one of those to look at again to
see if we can see differences in the frequency or amplitude of vibrations of the needle as it
produces sounds.

Show students the data source they selected (of the two possible ones). Have students turn to
Investigation 1 on their Student Activity Sheets as you show them the data source they selected
again. Ask students questions about what they can claim from the data source they selected related
to the questions we were wondering about.

Suggested Prompts:

=> What differences in pitch or loudness do you hear?

=> How must the motion of the needle be changing if it is producing different notes?

=> How must the motion of the needle be changing if it is producing some sounds that are quiet and
some that are loud?

Listen for student responses such as:

=> There were high notes and low notes, and there were quiet sounds and loud sounds.
= The needle must be vibrating at a greater frequency if it is producing higher pitch notes and lower
frequency if it is producing lower pitch notes.

in this instance as it is designed as a
“putting pieces together” lesson. We are
trying to help students converge on and
rearticulate the ideas they have already
figured out in previous lessons.

Formative Assessment
F = Opportunities

Ask a few other students to restate the
ideas that the students you called on
shared by explaining in their own words
what those ideas are.

The first two periods of this lesson provide
many opportunities for you to hear every
student articulate ideas about (a) how
frequency of vibration is related to pitch
and how more and less frequent vibrations
can be represented, and (b) how the
amplitude of vibration is related to the
distance of deformation of the sound
source. Don’t try to hear from every
student in every discussion. Rather, make
sure to hear from each one at some point
across the two periods. You will have
chances to hear and see them talk with
partners, write on their sheets, work with
manipulatives and go public with their
ideas at many points. Make sure to prompt
students who are working with partners,
but not saying as much, to restate the ideas
they are hearing from their peers, and ask
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=> The needle must be vibrating with a greater amplitude if it is producing a louder sound and lesser
amplitude if it is producing a quieter sound.

4. (3 min) Tell students, “It seemed really difficult to see changes in frequency and amplitude in the
vibration of the needle as clearly as when we had the motion detector, and we scaled up the size of
the object that was vibrating. A lot of what we have been saying are predictions about how we
think the needle’s vibrations must be changing as it moves through the patterns of bumps in the
grooves of the record. If we could scale up the size of the needle just a bit as it interacts with the
surface of the record, it might be easier for us to visualize the predicted motion of the needle.”

Hold up a coffee stirrer fland ask students to talk with their partner about question 6 on their
Student Activity Sheets as you pass out a coffee stirrer to each student.

5. (10 min) Pause student conversations and ask them to turn to the procedure for Investigation 2
on their Student Activity Sheets. Direct them to conduct this investigation with a partner. When
they are done with Investigation 2, send one of the partners up to the front of the room to get two
copies of the photograph of the surface of the record they looked at in an earlier lesson to use in
Investigation 3 with the partner. Hold up the photograph to show them. Point out to students that
Investigation 3 asks them to annotate and draw on this photograph, so they can prepare to share
their findings with the whole group. Students should now conduct Investigation 3.

6. (5-7 min) Bring students back together and have them turn to the Making Sense section of their
Student Activity Sheets. Emphasize that they should take the remaining time to plan with their
partner about what they want to share with the whole class next time that would help support
these two claims in that section:
e Different sections of grooves could force the needle to deform different distances, and
therefore move back and forth at different amplitudes as the record is spun.
o Different sections of grooves could force the needle to move or bend back and forth at

them to try to show or explain those key
ideas in a different way or build off of those
ideas and add to them. This is at the heart
of the arguing from evidence indicator that
was used to build the lesson level
performance expectation for this lesson.

ﬁ( Alternate Activities

Any one of the data sources will be
useful to look at. Push students to look at
only one rather than look through all these
data sources again. The goal in this lesson
is to map existing ideas onto an old
phenomenon, so any one of the sources of
data should suffice.

If students pick the slow-motion video
(microscopic view) of the needle on the
record to look at, then skip the first prompt
about differences in pitch or loudness and
go straight to the next two questions about
the motion of the needle.

A Alternate Activities

If you don’t have coffee stirrers
available, you could give students a straw
or a paper clip.
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different frequencies as the record is spun. QEI Classroom Artifact

Day 2 Having students go to the board to

. . . L. report out what they notice and
7. (4 min) Have students return to the Making Sense section of the Student Activity Sheets.

Emphasize that they should take a few minutes to review with their partner about what they want
to share with the whole class now that would help support the two claims in this section:
e Different sections of grooves could force the needle to deform different distances, and
therefore move back and forth at different amplitudes as the record is spun.
e Different sections of grooves could force the needle to move or bend back and forth at
different frequencies as the record is spun.

encouraging them to call on other students
who want to build off of the ideas they
shared, is a powerful way to build a sense of
community where students feel as if they
are in the driver’s seat of figuring out the
science ideas. Examples shown here are

from www.ngsx.org:

Project the L7 Record Surface Student Handout for students to reference in preparation for the
next step.

8. (10 min) Ask for a student volunteer to come up to the board to show what parts of the L7
Record Surace Student Handout support the claims. Encourage students to use a meter stick ﬂas
arepresentation of the needle to show how it would be vibrating differently as different parts of
the record groove move under the needle. Encourage other students to link to, build off of, and add
to the claims that they hear each student make to the class. Suggest that students call on other
students to pass the meter stick to, so they are orchestrating the exchange of taking turns at
presenting ideas in this discussion.

Listen for student responses such as:

=> Some changes in the bumps and ridges are really close together. Those are probably where the
needle is forced to vibrate more frequently as it follows the pattern in that groove.

=> Some places in the grooves are smoother or are gradually sloping. Those are probably where the Additional Guidance
needle is forced to vibrate less frequently as it follows the pattern in that groove.

= Some places in the grooves move very far to the left or right. Those are probably where the needle is

forced to deform a larger distance, making it vibrate at a greater amplitude. The meter stick is a durable pointer to
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=> Some places in the grooves move very little to the left or right. Those are probably where the needle use here and serves as a sort of “talking
is forced to deform a smaller distance, making it vibrate at a lesser amplitude. stick” to pass from one presenter to the

next. And it is more durable than the
thinner piece of wood you used with the
motion detector to measure vibrations.

9. (7 min) Have students add these conclusions to their Incremental Model Tracker sheets.

Lesson Date Part of the What We Figured Out That We Added to Our Model

Model

7 A e Repeatedly applying a push or pull to an object over time and changing how much

The and/or how often that push or pull is applied can force the object to vibrate at
needle different amplitudes and different frequencies.
and the
record e This is how the record forces the needle to produce quieter and louder sounds and
high and low pitch sounds as it moves through different patterns in the grooves.

10. (5-7 min) Ask students questions about how spinning the record faster would affect the sounds
produced in light of the claims they are making about the bumps and other places in the grooves
forcing the needle to vibrate.

Suggested Prompts:

=> Ifitis really that the patterns in these bumps are what is forcing the needle to vibrate at certain
frequencies and amplitudes as the record is spun, then would spinning it faster affect how often
these bumps hit the needle?

How would that affect the frequency at which the needle is vibrating back and forth?

How would that affect the pitch of the sounds produced?

Wait, are you saying it would produce higher pitch sounds? We could test that. Should we test
that?

vy

Listen for student responses such as:

=> Spinning the record faster would make the bumps hit the needle more often.
=> Spinning the record faster would make the needle vibrate back and forth more quickly.
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= That would lead the needle to produce higher pitch sounds than if you spun the record more slowly.
=> We should test that. Can I try and spin the record?

Have students come up and stand around the record to work together to test this prediction.

11. (10-12 min) Emphasize that it seems like we have figured out a lot of stuff and that tomorrow
you want to gauge students’ ability to apply all of what we figured out to some additional
sound-related phenomena, and so you will ask students to individually demonstrate how they can
apply the ideas we figured out and the science practices we have been using. Point out that the
time we spent the last two days really helped us identify the important pieces that we figured out
so far, and we’ve reviewed many different ways we can show these ideas at work.

Remind students that the major ideas we have developed are in the Incremental Model Tracker
sheets that they have been filling out, and these are the ideas they will need to apply on the
assessment.

Encourage students to review these ideas with a partner by summarizing the evidence we collected
and the arguments we made for each idea we had developed so far listed in each row of the
Incremental Model Tracker sheets. This will help them prepare further for the individual
assessment they will take tomorrow. Alternatively, encourage those students who are interested
(or prefer) in taking their Incremental Model Tracker sheets with them to look through the DQB
questions and identify some of the questions that they think we have developed answers to.

Day 3

12. (40 min) Remind students that we prepared for testing our ideas in a new context the last
couple of days, and that today we should be ready to try to apply this understanding individually to
some new phenomena. Pass out Lesson 7 - Assessment #1. As you are doing so, tell students that
they will need to watch a video of a new phenomenon in order to answer the questions on the
assessment before they get started, and that they will refer to what they saw in the video in their
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ﬁ& Alternate Activities

If you think of other ways to have
students review the big ideas they have
figured out, try to incorporate the use of
the Incremental Model Tracker sheets
and/or the DQB questions. Integrating
these artifacts into such reviews and
assessment preparations, helps emphasize
the role that the students play in the
knowledge building process. Taking stock
of questions answered on the DQB helps
emphasize that those questions are the
joint mission of the class, and the class is
making progress on their joint mission. The
students are deciding where they are going
at each step in the larger mission. The
Incremental Model Tracker emphasizes
that the class is figuring out important
science ideas and putting those ideas
together piece by piece over time.
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assessment. A leferentlatlo_n _S.trategles and
Alternate Activities

Show students the video of someone playing a harp at either of these URLs. Replay the video again: Providing students a choice to pick

e http://200.51/aEzNmZ supplemental inve‘stigatif')ns or readings to
learn more about, is one important way to
differentiate instruction without
compromising coherence of the storyline
for the class. When you do this, the key is to
make sure the structure of the
investigation or information in the reading

Supplemental Investigation 7A doesn’t give away the punchline of
Supplemental Investigation 7B upcoming lessons. Rather, it should extend
and/or the application of ideas the class figured

A reading on how humans produce sounds: out together. Make sure you provide

tudents si d ffee sti if th
http://www.npr.org/templates/story/story.php?storyld=129083762 Students six wooden cofiee SUrrers it they
want to conduct Supplemental

Investigation 7A and provide a deflated
balloon if they want to do Supplemental
Investigation 7B. The activities in
Investigation 7B make a lot of noise.

e https://www.voutube.com/watch?v=emLXIFXieOk

Then have students individually complete Lesson 7 - Assessment #1. Once students have
completed this and turned this in, you may want to assign one of these supplemental resources to
work on in class or as home-learning.

The NPR reading is redundant with
Investigation 7B, but is an alternate
resource to use in place of it if you prefer.
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M Alignment With Standards

Building Toward Target NGSS PE(s) Building Toward Common Core Building Toward Common Core
Standard(s) ELA Standard(s) MATH

e 1-PS4-1. Plan and conduct
investigations to provide evidence Comprehension and Collaboration: e Leveraging this standard:
that vibrating materials can make CCSS.ELA-LITERACY.SL.6.1 CCSS.MATH.CONTENT.5.G.A.2
sound and that sound can make Engage effectively in a range of collaborative Represent real world and
materials vibrate. discussions (one-on-one, in groups, and mathematical problems by graphing

teacher-led) with diverse partners on grade 6 points in the first quadrant of the

e 4-PS4-1. Develop a model of waves topics, texts, and issues, building on others' coordinate plane, and interpret
to describe patterns in terms of ideas and expressing their own clearly. coordinate values of points in the
amplitude and wavelength and that context of the situation.
waves can cause objects to move. e (CCSS.ELA-LITERACY.SL.6.1.B Follow

rules for collegial discussions, set e Building toward this standard:

o MS-PS4-1. Use mathematical specific goals and deadlines, and define CCSS.MATH.CONTENT.8.F.B.5
representations to describe a individual roles as needed. Describe qualitatively the functional
simple model for waves that relationship between two quantities
includes how the amplitude of a e CCSS.ELA-LITERACY.SL.6.1.C Pose and by analyzing a graph (e.g., where the
wave is related to the energy in a respond to specific questions with function is increasing or decreasing,
wave. elaboration and detail by making linear or nonlinear). Sketch a graph

comments that contribute to the topic, that exhibits the qualitative features
text, or issue under discussion. of a function that has been described
verbally.
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Previous Lesson...Where we have been: The previous lesson marked the end of Bend 1. Students explained the anchoring phenomenon in greater depth than in lesson 4, by using previous data sources and
results from a simulation with manipulatives to argue that different patterns in the grooves could force the needle to deform different distances and vibrate at different frequencies, therefore producing a wide
range of sounds. Students took an embedded individual assessment, applying what they learned to explain new phenomena (how strings on harp should vibrate when they produce different sounds).s

3!

(]

This Lesson....What we are doing now: You will help students try to apply their ideas to explain a new phenomenon (movement of a window in a building caused by sound blasting from a truck
across the parking lot). You will help them realize that their existing model can make some predictions about what the stereo speaker must be doing (and this motivates wanting to eventually
dissect a stereo speaker to confirm this in Bend 4 of the storyline. You will help them identify some gaps in their current model, particularly related to what exactly is traveling from the sound
©  [source to the window to make it move.

Lesson
Question

Phenomena

Lesson Performance
Expectation(s)

What We Figured Out (CCCs & DCls), New Questions and Next Steps

L8: How does a
sound source
make something
like this happen?

1 period:
(40 min)

O

Building
toward

4
NGSS PEs:
1-PS4-1
4-PS4-1
MS-PS4-1
MS-PS4-2
MS-PS3-5

When music is played
very loudly from the
stereo of a truck, it
appears to cause a
window in a building
across the parking lot to
move.

Develop and use a model
to describe unobservable
mechanisms at work in
the space (traveling)
between a sound source (a
stereo speaker in a truck)
and another object at a
distance (a window in a
building across the
parking lot) that help
explain what is causing the
window to move (effect).

We argued that our model from Bend 1 should apply to any sound-related phenomenon. We tested that claim by looking at another
phenomenon of blasting music coming from a stereo in a truck and argued that it should predict and explain what is happening as the truck
speakers produce these different sounds.

We then looked at the second half of the video clip; as the camera panned out from the truck playing this loud music, we noticed some
interesting patterns:
e A window in a building across the parking lot from the truck appears to move.
® Some portions of the song appear to make these truck parts and the window move even
more.

WXLL’(DF

Sy
Sowd Soce Window
‘Q./ speaker” Gk W
Gomies = gy
We argued that the sound caused the window far away to move. We developed a model to try to

explain how this happens. This led us to realize that there was something we hadn’t explained in our model yet: What does it mean exactly
when we say “sound travels to”? What is it that travels from here to there? When we say the vibrating object produces sound, what does
that mean? How does a vibrating object produce a thing that travels from one place to another?

We wondered: What is going on between the sound source and the window that can help explain how it is possible that a wiggle or
vibration at the sound source could cause something (the window) far away to move? We individually created models to try to explain this
question.

We shared our models in a gallery walk and jotted down new ideas and questions that these models raised to help answer the question:
How does a vibration actually make something far away move? All of the differences we saw in the models raised more questions:

° Is sound its own essence and maybe the air is carrying it across?

° Is the air being pushed to the window? Is the air moving at all?

Next steps: Because we want to figure out, “Is the air being moved from the sound source to the window when sound is being produced?”
we started brainstorming ways to go about investigating that question.

These materials were developed through with support from the Michigan Department of Education; the Gordon and Bett) This work is licensed under a Creative Commons Attribution
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Next Lesson...Where we are going: You will help students test the idea that the air from the sound source is traveling to the window or their ears by placing a sound source in an airtight container and testing
whether you can still hear it as well as recording the mass of the container before and after it produces sound. The results from those investigations will provide evidence that no air moving all the way from near
the sound source to your ear (or window) when sounds are produced.

[Z] Getting Ready: Materials Preparation

Materials for Each Student Materials for Each Materials for the Whole Class
Group
e Lesson 8 Student Activity Sheets (1) e YouTube video of music in the truck causing a window to
e 0ld student models from Lesson 1 e Chart paper and move across the parking lot.
Student Activity Sheets markers https://www.youtube.com /watch?v=cedfX-gzHuM You will
e Tape play in two sections:

o Section 1: skip the titles in the first 12 seconds and stop
the video at 26 seconds. So you will only show from
00:00:12 to 00:00:26.

o Section 2: skip the titles in the first 12 seconds and play it
to the end.

((:‘2 nextgenstory“nesorg These materials were developed through with support from the Michigan Department of Education; the Gordon and Bett) This work is licensed under a Creative Cqmmons Attribution
BY
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<> Getting Ready: Teacher Preparation

Background Knowledge for the Teacher

e Sound is a pressure wave in air or any other material medium. Think of a can of hairspray under pressure.

Many particles are squashed together—they are under pressure. Then if those particles are allowed to be free,
they spread out from one another and bump into a bunch of their neighbors. Then those neighbors get squished
together, and then they are allowed to spread out hitting neighbors next to them and the chain continues. The
series of compressions and expansions of the particles is how a sound wave travels.

Sound is not a separate state of matter. The particles of the matter that already exists in the world around us
transmit the sound wave energy. So in this new phenomenon that the students experience, the speaker pushes
a bunch of particles of air close together, then those particles expand out together, hitting another group of air
particles next to them. This goes on until the group of particles right next to the window get pushed together,
and when they expand, they hit the particles that make up the window, causing the widow to get pushed. This
detailed model will only be put together by the students much later in the unit, and an explanation is here for
teacher background knowledge only.

The window moving may seem similar to another well-known phenomenon: the shattering of a wine glass from
the singing of an opera singer holding a high note. That phenomenon, however, seems very difficult to explain
with grade appropriate DCIs in middle school. The Framework for NGSS refers to this DCI in the 9-12 grade
band: Resonance is a phenomenon in which waves add up in phase in a structure, growing in amplitude due to
energy input near the natural vibration frequency. Structures have particular frequencies at which they
resonate. This phenomenon (e.g., waves in a stretched string, vibrating air in a pipe) is used in speech and in
the design of all musical instruments. To prevent delving into a phenomenon that would require understanding
what it means for a sound source to produces vibrations in phase with one of the natural resonant frequencies
of the object being shattered, not only seemed off grade band for this DCI, it would also require mathematical
concepts that the Common Core targets for high school. This window movement was picked because it
foregrounds the notion that something must be coming from the speaker to the window to make it move.
Ultimately students will come to understand in later lessons that the something is energy, rather than matter,
even though matter is the medium through which that energy is transferred.

These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty
Moore Foundation, and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern 4.0 License
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Alternative Student
Conceptions

Students may think that sound
is a separate state of matter
(particle or fluid) that has to
move in between air particles.
This conception should be left
unresolved at this lesson. In
fact, we encourage teachers to
bring out these alternate
conceptions from the students
into the public domain in this
lesson so that we have a reason
to investigate if air (or matter)
has anything to do with the
sound traveling at all.

This work is licensed under a Creative Commons Attribution
BY
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2 a
4

1 period:
(40-45 min)

Learning Plan: How does a sound source make
something like this happen?

1. (5 min) Emphasize that the assessment that students completed in the previous lesson helped us
realize that there is so much that we figured out and can explain. HAsk students whether we
should be able to use these ideas to explain any sound-related phenomenon and why.

Listen for student responses such as:

=> Yes, because every sound-related phenomenon involves a sound source somewhere in it that
produces the sound, so some of these ideas might be needed to explain what is happening there.

=> There might be more ideas we need to use, discover, or figure out too in order to explain all the
phenomena and questions we brought up on our Driving Question Board.

Suggest that we try and keep applying these ideas to new situations to help us decide what we need
to figure out next. Tell students that you will show them a video of an interesting new phenomenon
that we could try to apply our model to, and that you are going to show the video in two parts: the
first part may seem pretty familiar, but the second part really might lead them to think of lots of
additional questions.

Play the video from https://www.youtube.com/watch?v=cedfX-gzHuM but sKip the titles in the
first 12 seconds and stop the video at 26 seconds. This means you will only show from 00:00:12 to
00:00:26. Then ask students to talk in small groups, and then share these ideas with the whole
class to apply the ideas they figured out so far to this new phenomenon. Use these prompts to get
the discussion going:

Suggested Prompts:
=> What is the sound source in this phenomena?

=> Ifyou could zoom into the sound source, what would you expect to see it doing any time it

<> Teacher Supports & Notes

Formative Assessment
Opportunities

-.‘
Since students completed the individual
assessment in the previous lesson, this may
be the best time to review the individual
assessments from that lesson with
students. If you do this here, have students
help identify and (re)articulate the big
ideas they used to answer the questions on
the assessment. This may add
approximately 15-20 minutes to this
lesson, which then increases the total
lesson length to 1.5 periods.

These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty
Moore Foundation, and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern
University.
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produced a sound?

=> Ifyou could zoom into the sound source, what would you see it doing differently when it
produced a louder sound?

=> What would you see the sound source doing as it produced higher pitch sounds or notes?

Listen for student responses such as:

=> Something in the truck (e.g., speakers in the stereo or radio) must be the sound source.

= The speaker would be vibrating back and forth.

= When the sound gets louder, something in the speaker must be moving back and forth more (at a
greater amplitude).

= The speaker would be vibrating more quickly or frequently when a higher pitch note was playing

(higher frequency).

Summarize that it seems as if this is another phenomenon that we can now explain, even though as
a class we haven’t zoomed into a truck stereo speaker to see what it is doing firsthand.

2. (7 min) Tell students that you want to look at the second part of the video. Show the clip they
just looked at again (skipping the first 12 seconds), but play it all the way through to the end. This
will obviously show something else happening that they hadn’t see before.

Have students turn and talk with a partner for a moment to describe any patterns of change they
observe in the windows in the building across the parking lot from the truck as the music is
playing. Ask them to take note of any related phenomenon this makes them think of. Play the video
one more time if the students would like to watch it again.

Then ask students to share their noticings and wonderings with the whole class.

Suggested Prompts:

Additional Guidance

Students may raise the idea that we
need to look at a speaker more closely or
take one apart. If they do, have a student
add that to a piece of paper (bold and big)
and tape it to the poster titled, “Ideas for
Investigations,” which was created in
Lesson 1.

Students will pursue that investigation in
Bend 4 of the storyline.

Capturing the idea of looking at
speakers more closely now is a good way to
motivate Bend 4. But because we are in
Bend 2 of the storyline right now, don’t
worry if it doesn’t come up at this point.

The problematizing routine at the start of
Bend 4 will help motivate (or reignite) a
series of new questions and ideas for
investigations about speakers and
microphones when students get to that
point in the storyline.

‘\/@‘ nextgenstory“nesorg These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty This work is IicerTsed uqder a Creative Cqmmons Attribution
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=> What did you see the windows in the building doing in the second half of the video?
=> What do you think is causing the window to do that?

=> What other phenomenon does this make you think of?

=> What questions does this now raise (or reraise)?

Listen for student responses such as:

The windows were moving back and forth a lot. Maybe they are also vibrating?

The music from the truck caused the windows to move.

I've heard or felt loud music or sound making things move or vibrate.

Wait how does that work? Was the music from the truck actually causing the windows to move?
How could the speaker cause the windows to vibrate?

How does the sound make the window move (or anything move at a distance)?

How does the sound get to the window?

->
->
->
->
->
->
->

. .. . Classroom Artifact
As a class, co-construct a model of what we know is happening in this new phenomenon. H

Suggested Prompt: E Include this question with this model:
- This phenomenon really makes us think, what exactly is going on in between the speaker and the | Whatis causing the window to move?

window. Can we agree to leave this as a question mark for now? ]
Deechor
Windaw!
faving

. Sound SoNcL
Listen for student responses such as: (o Seker e

\)\hﬂj‘cs
= We can’t see what is happening between the truck and the window, so it make sense for us to leave it

as a question mark for now.

3. (10 min) Instruct students to work through the following steps. Emphasize that you will set the
timer for completion of each of these steps, so that students work efficiently through the 8 minutes

Moore Foundation, and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern 4.0 License

University. 1 02
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allotted.

1. (2 min) The first partner should get a piece of chart paper and markers to bring back for
the two students to use. The second partner should draw the same representation of the
things we agreed upon should be in the model using the boxes in our consensus model, but
replacing the question mark with a big circle showing a zoomed in spot for what is
happening in the air between the sound source and the window. H

2. (3 min) Both partners should look back and compare the ideas they had in their Lesson
1 model and brainstorm how they want to include these ideas, revise them, or add new
ideas to this new model to help show what they think is happening in that spot in the air
when sound is traveling from its source to the window.

3. (5 min) The first partner should now take a turn and draw a representation of those
ideas on the model in that circle for that spot in the air.

4. (8 min) Tell students the following:

e Take out your Student Activity Sheets. We are going to use these sheets to do a quick gallery
walk of the posters that groups made. In question 1, write down, “What is causing the
window to move?” so we can keep track of what question all of these posters are trying to
answer.

Get ready to bring the sheets with you, some tape, and your poster to an open spot around
the edge of the room where you can tape it up. Wait there until we are all ready to start.

Once the posters are up, tell students:

e When we do the gallery walk, do it quietly so that each person can organize their individual
thoughts about (a) What new ideas did this raise? and (b) What new questions did this lead

Feb. 2018
@I Classroom Artifact

E Here is an example of the model that
students should draw, but replace the
question mark with a big circle showing a
zoomed in view. The consensus model with
boxes as representation of these objects
helps students avoid getting caught up in
drawing detailed renditions of trucks or
windows in this step.

Include this question with this model:
What is causing the window to move?

T m™
Dkl
M Sowue Window/
(o Spaker 2 ——> mu'ms
\i\hl\ks

Additional Guidance

Having students look at their Lesson 1
models is optional. Instead, you could have
students just discuss ideas they now have.

These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty
Moore Foundation, and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern
University.
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you to wonder about? This is like taking a gallery walk through an art gallery.

e You will move clockwise around the room. Don’t worry about visiting more than a few
models. Other people will see models you didn’t visit.

e During the gallery walk take time to stop and jot your ideas down in the table on the
Student Activity Sheets.

5. (7 min) Have students bring their Student Activity Sheets and gather near the DQB to form a
Scientists Circle. i Have students share out the new ideas and new questions that this video clip
raised. Summarize the similarities by emphasizing two important ideas that were represented
across all the groups:

e Sound travels from a sound source to other objects.

e Sound can make other objects far away from the sound source move.

Then point out that, “We agree that something is going from the sound source to the window. But it
sounds as if we have lots of different ideas of what might be going on in between those two things.
That’s cool, because this raises lots of competing ideas of what is happening in this space where we
can’t see anything. This is something we need to investigate further.”

Suggested Prompt:
=> What is actually moving from the sound source to the window?

Refer back to the consensus model and the big question mark on it. Accept all student responses. At
the end of the discussion, some students will think sound is moving in the air to their ears and
others will not know or agree that sound is moving. This will lead to the investigations in the next
three lessons.

Listen for student responses such as:

=> Does the air carry the sound across the parking lot?

Additional Guidance

Because students were already
standing in the last step, it is most time
efficient to have them remaining standing
as they form this Scientists Circle instead of
bringing chairs with them.

Strategies for Supporting this Initial
Ideas Discussion

Q

Foregrounding and dwelling on
differences in competing ideas is a key goal
of what you are trying to do. This second
half of the lesson is a version of the
Problematizing Routine in which you are
helping students realize they have a major
new question to investigate further that is
more problematic than they may have
originally thought.

These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty
Moore Foundation, and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern
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=> [s the air being pushed from the sound source to the window?

- s the air moving at all? Q Strategies for Supporting the Next

Initial Ideas Discussion

n You can start the next lesson by having
6. (3 min) Tell students, “It sounds like we have lots of different ideas of what might be going on. It || Students sharing out their ideas for
doesn’t make sense to add anything to our Incremental Model Tracker yet. So let’s focus in on some || nvestigations we could pursue.

of those questions we have that we want to investigate and ho e might go about doing that.”
qu w v wew v & ww ghte " g Some ideas student will likely raise will be

related to blocking the air, replacing air
with something else (e.g., water), or
removing air. These are all ideas that you
will pursue in the next investigations with
students.

Under question 2 in their Student Activity Sheets, have students write down the questions about
air and what it’s doing that were raised in the discussion in the previous step. Make sure to record
this question as one of them: Is the air being pushed from the sound source to the window? Then

assign question 3 as home-learning. I

i These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty This work is licensed under a Creative Commons Attribution
nextgenstorylines.or ” 8 P - : . ! .
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M Alignment With Standards

Building Toward Target NGSS PE Building Toward Common Core Standards ELA
e 1-PS4-1. Plan and conduct investigations to provide evidence that vibrating Comprehension and Collaboration:
materials can make sound and that sound can make materials vibrate. CCSS.ELA-LITERACY.SL.6.1
Engage effectively in a range of collaborative discussions
e 4-PS4-1. Develop a model of waves to describe patterns in terms of (one-on-one, in groups, and teacher-led) with diverse
amplitude and wavelength and that waves can cause objects to move. partners on grade 6 topics, texts, and issues, building on

others' ideas and expressing their own clearly.
e MS-PS4-1. Use mathematical representations to describe a simple model for

waves that includes how the amplitude of a wave is related to the energy in a ® CCSS.ELA-LITERACY.SL.6.1.B Follow rules for
wave. collegial discussions, set specific goals and

deadlines, and define individual roles as needed.

e MS-PS4-2. Develop and use a model to describe that waves are reflected,

absorbed, or transmitted through various materials. o CCSS.ELA-LITERACY.SL.6.1.C Pose and respond to

specific questions with elaboration and detail by

e MS-PS3-5. (Partial) Construct, use, and present arguments to support the making comments that contribute to the topic, text,
claim that when the kinetic energy of an object changes, energy is transferred or issue under discussion.
to or from the object.

7‘ nextgenstory“nes Org These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty This work is licensed under a Creative Commons Attribution @ ®
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Lesson 9: When | hear a sound, is the air being moved all the way from

the sound source to my ear?
Middle School Unit: How Can We Sense So Many Different Sounds From a Distance?

Previous Lesson...Where we have been: You introduced a new phenomenon for students to try to explain (movement of a window in a building caused by sound blasting from a truck across the parking lot). You
helped them realize that although their existing model can make some predictions about what the stereo speaker must be doing (and this motivates wanting to eventually dissect a stereo speaker to confirm this in
Bend 4 of the storyline), there are some gaps in their current model related to what exactly is traveling from the sound source to the window to make it move.

<

This Lesson....What we are doing now: You will help students test the idea that the air from the sound source is traveling to the window or their ears by placing a sound source in an airtight
container and testing whether they can still hear it. They will also record the mass of the container before and after it produces sound. The results from these investigations will provide evidence
S, |thatnoairis moving all the way from near the sound source to our ears (or window) when sounds are produced.

Lesson
Question

Phenomena

Lesson Performance
Expectation(s)

What We Figured Out (CCCs & DCls), New Questions and Next Steps

L9: When | hear a
sound, is the air
being moved all
te way from the
sound source to
my ear?

1 period:
(40 min)

&

Building
toward

}
NGSS PEs:
1-PS4-1
MS-PS4-1
MS-PS4-2
MS-PS3-5

A cell phoneis putin a
container (ziplock bag or
a plastic container with a
tight-fitting lid).

The phone is called and a
sound is still heard. This
container (along with the
cell phone and the air
within the container) is
weighed before and
after the phone is called
and it makes ringing
sounds that we can hear
outside of the container.
The scale reveals no
change in mass.

Plan and Carry Out an
Investigation: Conduct an
investigation and revise the
experimental design to
produce data to serve as the
basis for evidence to test
whether air was moving from
the sound source to the sensor
(systems and system models).

Engage in Argument from
Evidence: Construct, use,
and/or present an oral and
written argument supported
by empirical evidence and
scientific reasoning to support
or refute that the air is not
being moved (cause) all the
way from the sound source to
my ears when | hear the sound
or when the window moves
(effect).

We had some ideas for testing whether the air was moving from the sound source to the window (or our ears). These ideas all included
some way of blocking the air.

So we put a cell phone in a container (a ziplock bag or a plastic container with a tight-fitting lid) and we played music and it seemed as if
we could still hear it.

We started to argue that this shows air isn’t moving from the sound source all the way to our ears when we hear it, because the air is
trapped in the container. But that seemed weird. How were we able to hear it then? Are we sure no air came out? How do we really
know that no air or stuff came in or out? Some students suggested maybe there was a small leak.

That raised an interesting issue regarding how we know whether a container has or hasn’t leaked any air from it. We thought of some
possible ways to test whether any air got in or out of the container. One idea that we came up with was to put a sound source in a
tightly sealed container and mass it before and after it makes a sound.

We conducted that investigation and we noticed patterns:
e No air appeared to escape from the container, but we still could hear a sound.
® The mass of the container and cell phone didn’t change after it made a sound.

We updated our model to show that no air was moving out of the container. As we looked at the model further, we wondered if the air
was even needed inside the container because the sound was moving, but the air wasn’t. This led to some different predictions as well
as some ways we could test those.

Next steps: We want to try to remove the air from the container and we want to try to replace the air in the container with
something else (like water).

@ nextgenstorylines.org

These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty
Moore Foundation, and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern

University.

This work is licensed under a Creative Commons Attribution
4.0 License i i

107



http://creativecommons.org/licenses/by/4.0/

Lesson 9: When | hear a sound, is the air being moved all the ay from the sound source to my ear? Teacher Guide v2.1
Middle School Unit: How Can We Sense So Many Different Sounds From a Distance? Feb. 2018

Next Lesson...Where we are going: You will help students test whether air is even needed to hear a sound through two investigations. One investigation you will do with the class will provide evidence that sound
will move through any type of matter, while the other investigation will provide evidence that it can’t move across empty space that has no matter in it (a vacuum). These findings will support the claim that sound

needs a medium (gas, liquid, or solid] to travel through.

[5] Getting Ready: Materials Preparation

Materials for Each Student Materials for Each Class Materials for the Whole Class

Plastic container with a tight-fitting lid and/or Ziplock bag
Cell phone that is charged
Electronic scale (500 g range)
Sealed can of food (e.g., a can of corn or beans) from a grocery store
Optional (if students don’t have a prior experience with thinking about
air as matter and having mass):

o Air pump with ball needle, ball inflation needle and volleyball

o Lessons 9 and 10 Student e Unopened soda bottle
Activity Sheets (1) (so for six classes this
would be six bottles)
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<> Getting Ready: Teacher Preparation
Background Knowledge Alternative Student Linking Our
Conceptions Understanding to

Make sure to mass the sealed sound source in its container only before and after
it plays music. That will ensure that there is no fluctuation in the reading
recorded on the scale. If you continuously mass the sealed sound source while
it is playing music, you may see fluctuations in the reading on the scale. This is
due to the sound source jumping up and down on the scale as it is vibrating
within the container.

If students come up with different ways to convince themselves that air isn’t
moving all the way from the sound source to our ears, go with their
investigation design plans where possible.

If students haven’t developed
lines of evidence from previous
grades (PS1 in grade 5) that air
is matter and therefore air has
mass, you may need to conduct
the recommended additional
investigation in Step 3.

Scientific Terminology

e Mass
o (losed system
e (Open system

University.
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& 4  Learning Plan: When | hear a sound, is the air il &€ Teacher Supports & Notes
) being moved all the ay from the sound sourceto (40 min)
my ear?

1. (13 min) Have students take out their Student Activity Sheets from Lesson 8. Ask them to share
out some of the questions the class had written down in question 3 on those sheets.

Ask students to help us recall how we developed some of these questions from the last
phenomenon we investigated.

Suggested Prompts:
=> During our last class one of the questions we were wondering about was if air was moving from

the sound source to the window. Can someone help us recall why we were wondering if that
might help explain the window phenomenon?

=> Ifthis question came out of one of the ideas that were brought up in the models we looked at in
our gallery walk, what were some of the other competing ideas?

Listen for student responses such as:

= We thought maybe the vibrating speaker was pushing the air like you do when you wave a fan, and
then that air was like wind and it pushed into the window.

= We had other ideas too, like maybe it isn’t like wind, maybe it’s more like the air carries the sound to
the window and the window then moves when the sound reaches it.

= We weren'’t really sure which of the ideas we came up with represents what was happening, which is
why we formed these questions.

Ask students to share out any ideas for investigations that they came up with from their last
home-learning (question 4 in the Lesson 8 Student Activity Sheets) for how we test to see if the air

H These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty This work is licensed under a Creative Commons Attribution
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was actually moving from the sound source to the window.

= We could try to see if there is some sort of wind happening between the sound source and the
window.

= Maybe we could put something (like a pinwheel, a streamer, a wind sock, a feather, or some dust) in
the air to see if there is something like wind coming from the sound source.

Suggested Prompt:
=> These are great ideas for detecting air movement. So what are some ways we could prevent any

air from moving from the sound source to somewhere farther away like our ears or a window?

Listen for student responses such as:

= Maybe we could block or trap the air around the sound source and see if we can still hear a sound.

After you have talked through a few of the students’ ideas related to blocking the air, emphasize
the need to block all the air around the sound source. Ask students for ideas for containers we
could put a sound source like a cell phone into, so we could see if we could hear sound coming from
it. Also ask how we would trigger the cell phone to make a sound without opening the container
once we seal it in there.

Point out the objects we have in the room that might be able to do that for us like a ziplock bag or a
plastic container with a tight-fitting lid. (Note: From this point on in the lessons, both of these

objects will be referred to as containers unless it is necessary to make the distinction.) Suggest we
can try to use one of them to see what happens when we trap air from moving out of the container.

Once students have agreed that one of the objects available can be used to keep the air trapped in
that container, have students record this question in box A for Investigation 1 on their Student
Activity Sheets for Lesson 9:

Strategies for this Initial Ideas
Discussion

Q

If students don’t raise the idea of
trapping the air around the sound source,
here are some suggested prompts about
why you can feel wind outside, but not
inside a building or house that will help
them raise the idea of making a sealed
barrier to prevent any air from moving.

Suggested Prompts:
=> So how do we prevent moving air
outside from getting inside?

=>Why in some buildings do you still feel
the wind coming from the outside into
the building?

Listen for student responses such as:

=> The inside of a room in a building has
barriers that keep the air from getting
in unless there are openings like open
doors, windows, or cracks.

Additional Guidance

If a student has an idea for a different
sealed container to use, swap that in if it is
doable.

These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty
Moore Foundation, and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern
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e Is air moving all the way from the sound source to our ears or the window when sounds are

produced?

Have students relocate to move their chairs around a demo station to start collecting data.
Emphasize that we are going to do a lot of brainstorming and conducting investigations, so they
should bring a writing utensil and the Student Activity Sheets with them.

Have them sketch and label the plan the class comes up with in box B for Investigation 1. Then
ask students the following question to come up with a class hypothesis:

Suggested Prompt:
=> Soif the air near the sound source needs to be moved all the way to our ears in order to hear the

sound, and we block the air, what should happen?

Listen for student responses such as:

- Then we shouldn’t be able to hear the sound.

Have students record this hypothesis in box C:

e If the air near the sound source needs to be moved all the way to our ears in order to hear
the sound, and we block the air, then we shouldn’t be able to hear the sound.

2. (5 min) Turn the music from a cell phone on first (or plan to call it once it is in the container).
Place that cell phone in the container and fill it with air. The class can hear it playing music or
playing a ringtone.

Suggested Prompts:
=> Talk to the person next to you. What claim can we now make based on these results?

Differentiation Strategies
and Alternate Activities

The lesson guides for this lesson and
the next are written so that students are
recording everything in boxes A, B, C, and D
for four separate investigations.

Writing out each of these can help students
see similar structure in the thinking about
how to design and conduct investigations,
particularly related to
e what question we are trying to
answer;
what we could do to test that;
what the results might tell us; and
what the results did tell us.

But that is a lot of writing. For some
students this is beneficial and for others it
is burdensome. More important than the
writing is the sense-making that students
are doing in a discussion.

Therefore if students are highly engaged in
the discussions, you might choose to skip
filling out all (or some) of the boxes in each
table. Or as an exit slip, you might ask
students to complete one of the tables for
either of the two investigations you
conduct that day.

Use the space on the Student Activity

‘\/@‘ nethenStOFy| | nes. Org These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty
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-> Are you convinced that the air was blocked by the container? Sheets flexibly to optimize student
- How could we make sure air is really being blocked and that no air is getting in or out? sense-making and engagement.
Listen for student responses and accept all ideas such as: w Supporting Students in Using
Cross-cutting Concepts
=> Maybe the container is leaky. [5] If students haven’t used the idea of
= We're not totally convinced that the air was blocked. closed systems vs. open systems before,
here is a good opportunity to introduce it.
Say something like, “If we aren’t convinced we have enough evidence, then let’s not make a claim If they have used it before, then emphasize
yet. Let’s skip filling in box D for Investigation 1 for now.” the distinction. Systems thinking is a

cross-cutting concept in the NGSS.

Emphasize that in a closed system no
3. (12 min) Have a short Initial Ideas Discussion about how we could make sure air is really being matter can get in or out (no pieces of stuff
blocked and that no air is getting in or out of the container. If students do not suggest weighing the | canenter orexit). Hold up an unopened

cell phone and container before and after sound is played, ask questions about what students can of beans or corn and ask students if it is
a closed or open system. Hold up a soda

bottle and ask students if it is a closed or
open system (students will probably say it
depends if you open the cap or not).

predict would happen to the mass of the container plus the phone in various scenarios. ﬂ

Suggested Prompts:

=> What if we put the sealed container and cell phone on a scale? If air leaves the container when
sound is being played, how should the mass of the entire system of the sound source plus air plus
container afterwards compare to the mass of the entire system beforehand?
If air enters the sealed container when sound is being played, how should the mass of the entire
system of the sound source plus air plus container afterwards compare to the mass of the entire
system beforehand? grade 5) that air is matter and therefore air
If air doesn’t move in or out of the sealed container when sound is being played, how should the has mass, you may need to conduct these
mass of the entire system of the sound source plus air plus container afterwards compare to the additional investigations first.
mass of the entire system beforehand?

ﬁ{ An Additional Activity May or May
Not Be Needed at This Point

E If students haven’t developed lines of
evidence from previous grades (PS1 in

A quick demonstration would be to mass a
soda bottle before opening it. Then ask
students what will happen when the bottle

H These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty This work is licensed under a Creative Commons Attribution
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Listen for student responses such as: cap is opened and why. And then remass
the bottle and cap after opening it (the
=> Ifair escapes, the mass should decrease. mass will decrease because some of the gas
=> If air enters, the mass should increase. escapes upon opening). Another suggestion

is to test an inflated volleyball. Mass it and
then pump it up a little bit more, and mass
it again. In both cases, you may need to use
a piece of tape to keep it on the scale. If so,
use the same piece of tape throughout the
box C: massing.

= Ifno air moves in or out of the container, the mass shouldn’t change.

In box A for Investigation 2, have students write “Same question as Investigation 1.” Have them
sketch and label the setup for box B. Start the first part of a hypothesis for them to complete for

e If the air near the sound source needed to be moved all the way to our ears in order to hear . .
Additional Guidance
the sound, then... @

Then conduct the investigation. The vibration of the speaker in the
phone may cause it to jump up and down.
1. Putthe cell phone in the container. Mass the phone and the sealed container on the scale. That would lead to fluctuations in the
Record the mass of the phone and container and write the mass on the board. weight detected on the scale. This is why
2. Remove the container and phone from the scale. j Call the phone so that it rings. you are taking the container off the scale

after the initial massing and then playing

3. Once the ringing is done, place the container and phone back on the scale. Record the mass
the sound. Then put it back on the scale.

of the phone and container and write the mass on the board.

Have students commit to making a claim now based on the results of both investigations in box D This is similar to the effect you would see if

for Investigation 2 on their Student Activity Sheets. you were to bounce up and and down on a
bathroom scale and watched what

happened to the weight value displayed.

4. (5 min) Lead students into a discussion to make sense of what they observed and what they can Additional Guidance
now conclude related to the original question.
Example claim: No air moves all the

way from the sound source to our ears (or
the window) when sounds are produced.

Listen for student responses such as:

=> No air appeared to escape from the container, but we still could hear a sound.
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= Yet somehow the sound is still moving to our ears (or to a window).

Tell students that we will record these ideas in our Incremental Model Tracker later, but that we
should keep working through the new questions that this raises to figure out how we might
investigate them.

Ask students to talk with their partner about these two questions:

e Ifthe air from near the sound source isn’t moving all the way to our ears or the window, then what
is moving?
e [sthe air inside the container even needed for sound to travel to our ears?

5. (5 min) After talking with a partner, have students write down the following question in box A
for Investigation 3 (for the next lesson) on their Student Activity Sheets: Do we even need air to
hear sound?

Tell students that we need to try to think of some ways we could investigate this question further.
Encourage students to brainstorm ideas about what we could do the next time we meet to explore
this. They should jot these down (including a labeled diagram of a possible setup) in box B for
Investigation 3. Collect brainstorming ideas to look at before the next time the class meets. ﬂ

Q Strategies for Supporting the Next
Initial Ideas Discussion

m If time is short, you could have students
do this as home-learning or at the start of
the next lesson.

You may see two themes in the ideas that
students come up with. One of these is that
you could replace the air in the container
with something else (like a liquid). The
other is that you could remove the air from
the container somehow (like with a pump).

Both of these types of investigations are
ones you will pursue with students next
time.
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W Alignment With Standards

Building Toward Target NGSS PE Building Toward Common Core Standards ELA
e 1-PS4-1. Plan and conduct investigations to provide Comprehension and Collaboration: CCSS.ELA-LITERACY.SL.6.1
evidence that vibrating materials can make sound and Engage effectively in a range of collaborative discussions (one-on-one, in
that sound can make materials vibrate. groups, and teacher-led) with diverse partners on grade 6 topics, texts, and

issues, building on others' ideas and expressing their own clearly.
e MS-PS4-1. Use mathematical representations to
describe a simple model for waves that includes how
the amplitude of a wave is related to the energy in a
wave.

e (CCSS.ELA-LITERACY.SL.6.1.B Follow rules for collegial discussions, set
specific goals and deadlines, and define individual roles as needed.

e (CCSS.ELA-LITERACY.SL.6.1.C Pose and respond to specific questions
e MS-PS4-2. Develop and use a model to describe that with elaboration and detail by making comments that contribute to the

waves are reflected, absorbed, or transmitted through topic, text, or issue under discussion.

various materials.

e MS-PS3-5. (Partial) Construct, use, and present
arguments to support the claim that when the kinetic
energy of an object changes, energy is transferred to or
from the object.
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Middle School Unit: How Can We Sense So Many Different Sounds From a Distance?

Previous Lesson...Where we have been: You helped students test the idea that the air from the sound source is traveling to the window or their ears by placing a sound source in an airtight container and testing
whether you can still hear it as well as recording the mass of the container before and after it produced sound. The results from those investigations provided evidence that no air is moving all the way from near
the sound source to our ears (or window) when sounds are produced.

3!

(]

This Lesson....What we are doing now: You will help students test whether air is even needed to hear a sound through two investigations. One investigation you will do with the class will provide
evidence that sound will move through any type of matter, while the other investigation will provide evidence that it can't move across empty space that has no matter in it (a vacuum). These
> |findings will support the claim that sound needs a medium (gas, liquid or solid) to travel through.

Lesson
Question

Phenomena

Lesson Performance
Expectation(s)

What We Figured Out (CCCs & DCls), New Questions and Next Steps

L10: Do we even
need the air to
hear sound?

1 period:
(40 min)

O

Building
toward

4

NGSS PEs:
MS-PS4-1
MS-PS4-2

A video of a cell phone,
which is playing music and
is hung on a string inside an
airtight container (bell jar)
so it is touching nothing
(except the surrounding air
and string), shows that
music can be still heard on
the outside of the
container. When a vacuum
pump is hooked to the
container and turned on,
almost no sound is heard
after about 30 seconds.
When the valve to let the
air back in is opened, music
can be clearly heard from
the cell phone again on the
outside of the container.

When you strike two golf
balls or rocks together
underwater in a fish tank
and put your ear up to the
glass, you and the person
next to you can hear the
sound.

Plan and Carry Out an
Investigation: Conduct an
investigation and revise the
experimental design to
produce data to serve as
the basis for evidence to
test whether air was
moving from the sound
source to the sensor
(systems and system
models).

Engage in Argument from
Evidence: Construct, use,
and/or present an oral and
written argument
supported by empirical
evidence and scientific
reasoning to support or
refute that the air is not
being moved (cause) all the
way from the sound source
to my ears when | hear the
sound or when the window
moves (effect).

We had two sets of ideas for investigations that could help answer our question. One idea we came up with was to use something to
take all the air out of the container (suck it all out). The other idea was to fill the container that the sound source was in with something
other than air (like water).

For the first idea, we realized we needed some kind of special pump or something to make sure we got all the air out. So we wanted to
see what would happen if we used something like this when we put the cell phone in a container and pumped out all the air and called
the phone. For the second idea, we realized we could put the sound source in a container of water. Even though some of us had
waterproof phones, we didn’t want to risk damaging those phones. So we decided to collide two objects together in a container filled
with water (e.g., two golf balls or rocks in water in a fish tank) and put our ears up against the side of the tank.

Based on the results of our our two investigations (or from analyzing a video of students doing one of them), we noticed patterns:
. As we took air out of the container, the sound got really hard to hear.
° When we let air back into the container, the sound got easier to hear.
®  We could hear the collision of the golf balls or rocks underwater, even though we were
outside the water.

Seand Source De+
. . Any MAH’er

This led us to argue from evidence that you need matter to move the sound across the space that 1A -betuee %\%
matter occupies, and sound can move through any state of matter: solids, liquids, and gases. We v.‘br.+;ns (Golid, liguid, Se

showed this in our revised model pictured here: fgas)
mg“f‘t A'\y Matter inbekuen [e n
This raised a new question for us: Why would vibrations from a sound source be able to send sound vv&tn';fi.ﬁ i 7 7 ?—) o
traveling through a solid, liquid, or gas, but not through empty space? Epmragen C:"'J' "b:"' sl
o 7 0 matier Wi
Veby | . n beben S5
Next steps: We decided we needed to try to model what makes something a gas, liquid, or solid and T \::“:x

how that is different from empty space.

Next Lesson...Where we are going: Students will develop a model of what all states of matter have in common. This model will include particles, empty space, and motion. Students will simulate what happens in
such matter as a vibrating object is interacting with it. This model will suggest that motion (or energy) might be transmitted through the medium from one end to another through particle collisions.
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Getting Ready: Materials Preparation

EEXY
|

Materials for Each Student Materials for the Whole Class
e Lesson9 and 10 Student e Lesson 10 Vacuum Pump investigation video
Activity Sheets from last e 10 gallon fish tank filled with water that you can reach into and students can place their ears against
lesson the sides. If you don’t have a fish tank, a clear plastic storage tub or container can work as well. It

doesn’t have to be clear, but it’s helpful for observations.
e Two golf balls or rocks
e Poster paper and markers for an updated Class Consensus Model
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<D Getting Ready: Teacher Preparation

Background Knowledge Alternative Student Conceptions Linking Our
Understanding to
If students come up with different ways to investigate if sound travels Students may think that the reason you Scientific Termmology
through liquids and solids, go with their ideas rather than the ones can hear through water is because it
outlined in this lesson. You may want to even make this a investigation has air in it. While much water (e.g. in e Mass
that all groups try to design and conduct. .fISl.’l tanks and ponds).has dissolved gas e Closed system
in it, we want to convince students that e O
. . o pen system

If you have a vacuum pump, you could do a live demonstration of sound can travel through a liquid.
pumping the air out of the container with a cell phone in it rather than Consider using vegetable oil as another
the video. If you do this, hang the cell phone from fishing wire and liquid if this idea comes up.

packing tape from the inside of the bell jar, so that students are convinced
that it is relatively “suspended in empty space”

The video of the cell phone in the bell jar doesn’t get completely quiet
when air is pumped out. But it does get very quiet. And it gets much
louder when air is let back in. This is because the vacuum pump used in
the video can’t achieve a complete vacuum in the bell jar (some gas
particles are still in there) and vibrations can still travel through the
string that is suspending the phone to the bell jar.

7‘ nextgenstory“nes Org These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty This work is licensed under a Creative Commons Attribution @ ®
@ : Moore Foundation, and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern 4.0 License N i It o 1 1 9

University


http://creativecommons.org/licenses/by/4.0/

Lesson 10: Do we even need the air to hear sound?
Middle School Unit: How Can We Sense So Many Different Sounds From a Distance?

Teacher Guide v2.1
Feb. 2018

&' 4« Learning Plan: Do we even need the air to hear

sound?

1 period:
(40 min)

1. (7 min) Ask students to take out their Student Activity Sheets from the last lesson. In small

groups, have students share their ideas about ways we could investigate the question we had at the

end of the last lesson: Do we even need the air to hear sound?
Listen to group discussions.

Have students share out some of the ideas that were raised in these discussions. Two ideas (or at
least one of them) should emerge: ﬁ

e We could try to take the air out the container.
e We could try to replace the air in the container with something else (like water).

At this point emphasize that we might need additional materials and different types of equipment
to help us do this.

2. (8-9 min) Show the first 40 seconds of the video of the bell jar, phone and the vacuum pump.

If students did not have a chance to record the following question in Box A of Investigation 3 on
their Student Activity Sheets at the end of the previous lesson, ask them to do so now: Do we even
need air to hear sound? In addition, if they did not have time to finish entering their ideas along
with a labeled diagram of the setup in Box B, ask them to do so now.

Start the first part of a hypothesis for them to complete in Box C:

e Ifairis needed inside the container for sound to travel to our ears, then...

<> Teacher Supports & Notes

Strategies for this Initial Ideas
Discussion

Q

If time was short in the previous
lesson, you can ask students to work on
brainstorming ideas now with a small

group.

Giving groups a few minutes to discuss will
help you eavesdrop on conversations to
find a few different ideas. Take notes as
needed.

Then when you come back together, you
can call on those groups to share or you can
summarize some of the themes you heard.

Additional Guidance

B Questions such as “Why can you hear
underwater?” or “Can you hear in space?”
or “Why can’t you hear the sun sizzling if it
is so hot?” are typical of the type of
questions that are often on the DQB
connected to this lesson. Look for
opportunities to reference those questions
on the DQB or ideas for investigations by
asking students how the questions we are

These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty
Moore Foundation, and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern
University.
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Have students share what they wrote in Box C with the whole group. Once this is complete, show
the entire video. Then proceed with the next prompts.

Suggested Prompts:

> Talk to the person next to you. What claim can we now make based on these results?
=> Do we need air for the sound to travel?

=> So by removing the gas, we removed the matter in the container. We were left with empty space.

[s there something we could replace the air with?

Listen for student responses such as:
= The sound gets quieter as we remove more air. So this means that we do need air to hear a sound.
= But wait, what if you replace the air with something else like water? Do you need air or can you
replace it with a liquid?

Say something like, “It sounds like we have one more investigation we want to try before we have
enough evidence to make a claim that answers our original question. Let’s skip filling in Box D of
Investigation 3 for now.”

3. (8 min) Bring students over to an aquarium tank or container filled with water. HAsk students
what we could fill the tank with (instead of air) to see if sound travels through it.

Listen for student responses such as:
=> Water

Ask a student to demonstrate the sound that two golf balls or two rocks make when they are
knocked together in the air.

Ask students how we could test whether sound travels through water using this tank or container.

trying to answer today could connect to
those posted questions and ideas for
investigations.

Alternate Activity Order

You can switch the order of the video
and the second investigation if you wish.
This lesson assumes that you will do the
vacuum pump video first and the water
container or aquarium investigation
second.

Additional Guidance

m Make sure students bring chairs over
to this demonstration area, so that you can
keep them there to work through the next
step (creating a consensus model). And
make sure you have a piece of chart paper
near this area to draw out the class
consensus model when complete.

@ nextgenstory“nes Org These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty
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Students will likely suggest banging the materials together while they are held underwater. They
may suggest putting their ears underwater. If they do, you could ask a volunteer to try this 5| or
you could ask them for ideas of other places we could put our ears that would still let us hear if the
sound is traveling through the water.

Before conducting this investigation, ask students to fill in boxes A, B, and C for Investigation 4 on
their Student Activity Sheets.

Then have a student gently lower the rocks or golf balls into the tank of water while holding onto
them. Direct the student to knock the rocks or golf balls together. Repeat this if some students ask
to observe it again or if they would like to put their ears against the tank this time. Ask them to
report what they heard. Then have students make a claim in Box D that helps answer the original
questions we had for Investigations 3 and 4.

4. (12 min) Have a Building Understanding Discussion about the claims they made so far.

Suggested Prompts:
What have we figured out?

>

=> Other than gases such as air and liquids such as water, what else do we know sound can travel
through based on the materials that the container is made of?

=> So if we know that the sound can go through water, and through air, and through the container
wall (which is a solid), why can’t it go through the container when the air is removed?

Listen for student responses such as:

=> If'there is nothing in the space that sound would travel through, sound cannot be heard.
= Sound can travel through gases, liquids, and solids (like the container walls).
= [t seems as if sound needs matter (gas, liquid, or solid) to travel through.

ﬁ( Alternate activities

This class decided to swap the
location of the sound source and the
detector. They asked their principal to help
their science class out. So he did. He put his
head underwater to see if he could hear

Moore Foundation, and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern 4.0 License
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Ask students whether they have heard the claim that you can’t hear sound in outer space and how
this experiment helps provide evidence for that claim.

Then introduce a way of summarizing what we found out by saying, “Scientists refer to any matter
that is needed for sound to travel through as a medium. Gases, liquids, and solids are all media
(plural of medium) that can convey sound. That means that sound can travel through them. Sound
cannot travel through any empty space that is devoid of matter. We also know that the medium
doesn’t move all the way from the source to our ears, nor does it move all the way from the stereo
speaker (the source) to the window that moved in response to it.”

After they have summarized the main points from this investigation, refer to the consensus model Q Classroom Artifact

from the previous lesson on the board and ask students what changed in the model. Once the class

agrees on the new model, 7| have them summarize the key ideas they figured out from Lessons 8

Here is an example model of how we
can hear different sounds from across the
room showing how it should now look at
the end of this lesson:

through 10 in their Incremental Model Tracker:

Part of the Model What We Figured Out That We Added to Our Model

B ' When sound travgls from a sound source tq other things Stwnd Sewree De\‘eck
Sound traveling from someplace else, it can make those other things move back and ny MaH‘er —_—

the sound source forth (vibrate). Matten Car
i€ heare
B The matter itself isn’t traveling all the way from the sound Vi bl’A'HnS <§°f fd. l iﬂm’d, Sound
Sound traveling from source to our ears or the window. eygs)
the sound source But matter is needed for sound to travel through. e
Sound can travel through any state of matter (a medium). M‘ﬁ# Source Am, Matter inbebyean De(-ed-o,-
G iS o
L
(SoI;J & (1W<
s liguid, gas) Sound
Sood Spuvee
Makker MQ M”‘H@f_ Debecko—
m/’_ 0 brvesn - EM dues
5. (3-4 min) Emphasize that the part of the model with question marks seems even more L

mysterious now. Ask students the following questions to motivate ideas of what we will need to

H These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty This work is licensed under a Creative Commons Attribution
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investigate next time. Have students turn and talk to their partner about these questions:

=> Why would vibrations from a sound source be able to send sound traveling through a gas, liquid,
or solid, but not through empty space?

=> How might figuring out what makes something a gas, a liquid, or a solid and how that is different
from empty space itself, help us figure out what is going on in this part of our model?

W Alignment With Standards

Building Toward Target NGSS PE Building Toward Common Core Standards ELA
e MS-PS4-1. Use mathematical representations Comprehension and Collaboration: CCSS.ELA-LITERACY.SL.6.1
to describe a simple model for waves that Engage effectively in a range of collaborative discussions (one-on-one, in groups,
includes how the amplitude of a wave is related and teacher-led) with diverse partners on grade 6 topics, texts, and issues, building
to the energy in a wave. on others' ideas and expressing their own clearly.
e MS-PS4-2. Develop and use a model to e CCSS.ELA-LITERACY.SL.6.1.B Follow rules for collegial discussions, set
describe that waves are reflected, absorbed, or specific goals and deadlines, and define individual roles as needed.

transmitted through various materials.
e (CCSS.ELA-LITERACY.SL.6.1.C Pose and respond to specific questions with

elaboration and detail by making comments that contribute to the topic,
text, or issue under discussion.
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Middle School Unit: How Can We Sense So Many Different Sounds From a Distance?

Previous Lesson...Where we have been: In two investigations, you helped students test whether air is even needed to hear a sound. One investigation the class did provided evidence that sound will move
through any state of matter, while the other investigation provided evidence that it can't move across empty space that has no matter in it (a vacuum). These findings supported the claim that sound needs a
medium (gas, liquid, or solid) to travel through.

<

(]

This Lesson....What we are doing now: Students will develop a model of what all states of matter have in common. This model will include particles, empty space, and motion. You will help
students simulate what happens in the surrounding matter as a vibrating object is interacting with it. . This model will suggest that motion (or energy) might be transferred through the medium
from one end to another through particle collisions. This model will motivate the need to explore a simulation of this system where the frequency and amplitude of the sound source can be

© [changed, and the particle collisions across the medium can be inspected more closely.

Lesson
Question

Phenomena

Lesson Performance
Expectation(s)

What We Figured Out (CCCs & DCls), New Questions and Next Steps

L11: How can we
model the matter
that sound
travels through?

2 periods:
(40 min each)

&

Building
toward

4
NGSS PEs:
1-PS4-1
5-PS1-1
MS-PS4-2
MS-PS3-5

Previous phenomena
related to sound
traveling through a tank
of water, a glass window,
and air

Develop and use a model
to describe unobservable
parts (particles) of the
system and how they
would interact with each
other in any state of
matter to transfer energy
through collisions between
one another across a
medium from a vibrating
sound source.

We developed models of the things that sound can travel through: water, glass, and the air. And we agreed on the characteristics that
things like solids, liquids, and gases have in common:
e  Solids, liquids, and gases are made of particles moving through empty space, with different spacing in each state of matter. There is
a great deal of space between particles in a gas, less space between particles in a liquid, and even less space in a solid.
. Particles can bump into and off each other in a solid, liquid, or gas.

With these elements of the model agreed upon, we then wondered: What happens to particles that the

L . . . . . . SonSoxe Detecto-
sound source is vibrating back and forth against (e.g., water or air)? We wanted to simulate this using people iy, -
as particles of the medium to try to figure this out. \‘“\*i"' > :.gf-ng—o’%z‘ e
e
vibntile o, 2 ¢

When we simulated this, we further developed the model to reflect our current thinking:

e  Avibrating source could push particles in the medium it is next to. 0-0
. Those particles transfer energy to other particles when they collide or bump into them. ?,’.:‘f.&;,’,\ﬁ
e Ifapush is transferred into the particles at one end of the medium, it might result in a cascading ey

series of collisions between neighboring bands of particles across the medium.

We decided we could use this model to explain the results from our earlier investigations: Why can we hear a sound through a gas, liquid,
or solid even though the matter doesn’t move all the way from the source to our ears, and why can’t we hear a sound through empty space?

Next steps: We brainstormed what it was we wanted to include from our discoveries in a computer simulation to use next time to help
us investigate further how sound travels across a medium such as

° things we want to be able to adjust about the sound source;

° the sort of particle interactions we want to include; and

° the sort of things we want to be able to visualize.

Next Lesson...Where we are going: Students will run a computational simulation exploring how particle collisions propagate across a medium from a vibrating sound source. Their investigations will help them
develop complementary models for the nature of the wave traveling across the medium, including a particle density model (bands of dense and less dense batches of matter), a transverse wave model (density vs.
time at a given location), and a ray model (showing the direction of energy transfer across the medium).

@\‘ nextgenstorylines.org
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[5] Getting Ready: Materials Preparation

Materials for Each Student Materials for the Whole Class

e Lesson 11 Student Activity Sheets e Large flat piece of cardboard (e.g., the back of a pad of poster paper)
labeled “Sound Source”
e Project this image in Step 5 of the lesson:
o Lesson 11 - PI - Modeling the medium around the tuning fork

<> Getting Ready: Teacher Preparation

Background Knowledge Alternative Student Conceptions Linking Our
Understanding to
The particulate nature of matter is key in understanding If students haven’t developed lines of evidence from Scientific TermmOIOgy
how sound moves across a medium. Sound waves rely on previous grades (PS1 in grade 5) that solids, liquids,
particles and the springy nature of matter to move energy and gases are made of particles and that the spacing e States of matter
from a source to a detector. Regardless of its state, matter between those particles is different for a solid and e Liquid
is a necessary component for sound energy to travel. liquid vs. a gas, and that the particles in liquid or gas e Solid
_ _ ' can move, you may need to add additional e Gas

If the class has recently investigated the particulate supplemental lessons before this one. -
nature of matter in different states of matter, you should .
be able to compact this lesson down to a 10 minute For this lesson, students don’t need to know how the ° Sprlr.lgy
review and include it in the start of lesson 11. spacing of particles in liquids vs. solids differ. And they : Il\D/Iaerctllifllrils

don’t need to know that particles in solids are always
moving back and forth randomly.
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&' 4« Learning Plan: How can we model the 2 periods: > Teacher Supports & Notes
matter that sound travels through? 40 min each

|

Day 1

Additional guidance
1. (7 min) Ask students what are some of the big ideas we figured out since last time that we

recorded in our Incremental Model Tracker. If these were not recorded at the end

of last lesson, you can use the start of this
e Vibrating matter (like a needle, an instrument, or a speaker) produces sound, and the same | lesson to do that with the class.

piece of matter can be forced to vibrate at different frequencies and amplitudes to produce
many different sounds.
Sound is not matter, but it needs matter (a medium) to move through the space that matter
is in—and that can be any type of matter (gases, liquids, or solids).

e When the sound moves through matter, the matter doesn’t move all the way from the sound
source to an ear or detector.

Ask students what questions this raised for us.

Suggested Prompts:
=> This made us wonder why or how vibrations are moving across matter, and why they would
move across matter, but not across empty space.

=> This brought us to our question: What do all states of matter (solids, liquids, and gases) have in
common that is different than empty space?

Ask students to explain what they mean by matter, what we know that all states of matter share in
common, and what makes something matter.

Listen for student responses such as:

= Everything that has mass is made of matter.

i These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty This work is licensed under a Creative Commons Attribution
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=> Matter is made of little particles separated by some amount of empty space.
=> Everything is made of little particles—even air.
= Everything is made from small parts, like atoms or molecules.

2. (5 min) Establish purpose for the day’s lesson which is to begin investigating the lesson
question: How can we model the medium that sound travels through? Remind students we need a

common understanding of what different states of matter (gases, liquids, and solids) have in Alternate Activity Order
common.

E Students should have developed a
Suggested Prompts: particle model of matter in grade 5 for

=> We all agree that matter is are made of particles. E But it's important for us to understand how things like air and mixtures such as salt
that idea applies to the different states of matter we are thinking about: gases, liquids, and solids. dissolved in water.
Are all of these made of particles?

- What, if anything, is different when we are thinking about how to represent the particles that If students have explored particles of
make up a liquid water versus water that has been boiled into the air (water vapor)? matter further in the middle school grades,

=> How about liquid water vs. ice? then they may be referring to these
particles as molecules or atoms.

Listen for student responses such as:

=> (Gas particles are spaced very far apart, but particles in solids and liquids are not.
=> Liquid water particles and solid water (ice) particles are spaced close together, but water vapor
particles are spread very far apart.

3. (10 min) Have students work in pairs to complete Matter Models in their Student Activity Sheets.
To do this, assign each group two states of matter to represent: solid water (ice) vs. water as a gas
(water vapor) or liquid water vs. water as a gas (water vapor).

H These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty This work is licensed under a Creative Commons Attribution
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4. (10-12 min) Once complete, have partners present their models to the class. During sharing, ask
the class if we agree on three important representations that need to be included across our
models:

Particles of matter are included in any state of matter model. @ Alternate Activity Order
There are different amounts of space between the particles of matter—gases have more
space between the particles than liquids or solids.
e The space between particles is empty space.

Students in middle school will at
some point have explored the relationship
between temperature and speed of
particles. They may have encountered the
relationship between temperature, particle
motion, and states of matter related to
phase changes.

5. (6 min) Tell students that we are going to try to use these ideas to develop a model to show what
we think is happening to the matter in the state of matter around a sound source that is vibrating.
Tell students that when there is matter that sound can travel through, that matter is referred to as

a medium. If students are familiar with this idea, then
it should be included in the particle

Project Lesson 11 - PI - Modeling the medium around the tuning fork onto a whiteboard or onto a representations (particles in gases are

computer screen. Point to the top of the image showing the drum and tuning fork. Have students moving faster than particles in liquids or

turn to the corresponding image for their home-learning assignment in the Student Activity Sheets. | solids).

Ask students to imagine the motion of a very tiny spot on the surface of the drum or the tuning fork
after it was struck. Point to the orange rectangle on the drum and on the tuning fork. Have them
hold their hand up to show how the surface would move back and forth if they could zoom in very
close.

Orient students to the three frames shown below the two images of the drum and the tuning fork.
Show how these close-up frames are similar to how we modeled the instrument motion in past
lessons. This time we won’t show any shape changes, because we are looking at a very small
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section of the surface of the vibrating sound source in each close-up frame.

Read through the directions for the home-learning with the students and ask them if they have any
questions.

Day 2

6. (5-7 min) Remind students of the lesson question: How can we model the medium that sound
travels through? Then have students share their models from home-learning with their teams, and
encourage team members to share interesting pieces that they heard from their peers, or pieces
from their peers’ models that helped them better understand how sound moves across matter.

7. (12 min) Establish the need to work with the students’ models further by simulating what types
of interactions we think are happening between the particles of matter. Refer to yesterday’s
student models of air (which should have included the spacing of the particles) and any student
work that shows how students think the sound moves through the air.

Have students bring their Student Activity Sheets with them and set themselves up around the
room (with a bit of space between them) to represent liquid particles. The teacher will hold the
sound source (a large sheet of cardboard labeled “Sound Source”).

Ask students for ideas of how they could represent what is happening as sound moves across the
room from the sound source. Reintroduce the idea of what we know the sound source is doing
when it produces a sound.

Suggested Prompts:
=> What do we know the sound source is doing when it produces sounds?
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=> What would that action do to the particles in the air or particles in a liquid it is up against (like the
golf balls or rocks in the fish tank)?

=> Let’s imagine this sheet of paper is the sound source, and it is vibrating back and forth. What
would that do to the neighboring particles in the medium?

Listen for student responses such as:

=> The sound source is vibrating back and forth.
=> [t would bump into the particles that are in the medium it is up against.

Tell the students (representing particles) nearest the sound source to prepare to slowly simulate
what would happen to them as the sound source vibrated. Holding the large labeled piece of
cardboard vertically, move it back and forth (like a door opening and closing). Ask what this would
do when it touches a particle of the medium.

Listen for student responses such as:

= The particle would be pushed or hit.
= The particle would move away from the thing that hit it.

Have the student who was the particle that was first hit keep moving until coming up against
another particle. Right before bumping into the next person have them “freeze frame” and ask the
class what will happen when this moving particle hits the next particle.

Listen for student responses such as:

=> The next particle would move or fly away from the thing that hit it.
=> Maybe the particle that hit it would slow down or stop moving.

Then ask students to resume the simulation by having the new particle that was hit start moving
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toward the next particle. Repeat this process a few times.

Suggested Prompts:
-> How were we passing the sound in this model? What thing in real life does that remind you of?

=> What might we call that when we’re passing a movement along by pushing or hitting each other?

Listen for student responses such as:

We were bumping into each other.

That reminds me of when we bump into each other in the hallway.

That reminds me of when dominoes fall over or when you are playing pool.
We could call that bumping or colliding.

We could call that a collision force between the particles.

We could call that movement to the next particle a vibration or energy.

T A A P

If time permits, repeat the simulation with simulating a smaller amplitude vibration at the sound
source by asking students (a) how we would show that, (b) what effect it would have on particle
motion in the medium, and (c) how simulating this effect can help us visualize it.

Ask students why trying to simulate the effects of changing frequency and amplitude of the
vibrations at the sound source is kind of tricky using people. Raise the ideas that we might need to
use a different way to simulate and visualize how those sorts of changes in the vibrations at the
sound source propagate across the medium.

8. (15 min) Tell students to return to their seats. Have students discuss the two conclusion
questions on their Student Activity Sheets with a partner for a few minutes. Following this, ask
students to contribute these ideas to a whole class discussion. The class should come to consensus
regarding how the simulation we did with people as particles can help us explain the results from
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our earlier investigation when we removed the air from the container and when we used water in
place of air.

Suggested Prompts:

=> Today we modeled what the system looks like with water particles in it. Would we see similar

interactions between particles if we simulated sound traveling through a gas? Or a solid? How

would those compare?

=> How does this model help us understand why we couldn’t hear any sound when we sucked the air
out of the system?

Listen for student responses such as:

vl

With a gas, the particles would move a greater distance before bumping into another particle.

With a solid, there still would be particles bumping into each other, but they would be spaced more
closely together.
In any state of matter, particle collisions between neighboring particles would occur.
Our model for Lesson 10 wouldn’t have any particles at all—it would just be empty.
With no particles, there’s nothing to pass the sound from the source to our ears.

Now direct students to list these main points from this lesson in their Incremental Model Tracker:

@\‘ nextgenstorylines.org

Moore Foundation, and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern

University.

Lesson | Date Part of the What We Figured Out That We Added to Our Model
Model
11 B e Gases are made of particles moving through empty space.
Sound e Liquids are made of particles that bump into and move past each other.
traveling from e Solids are made of particles that vibrate back and forth in place.
the sound e Particles can collide with other particles in a gas and bump into neighboring
source particles in a solid or a liquid.

e If a push is transferred into the particles at one end of the medium (any state
of matter that sound travels through), it might result in a cascading series of
collisions between neighboring bands of particles across the medium.

These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty This work is licensed under a Creative Commons Attribution

4.0 License
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9. (8-10 min) Read through the introductory text in the Next Steps section of the Student Activity
Sheets with students. Ask them to work in small groups to discuss the questions 3, 4, and 5. Have
one person in the group record those ideas to share out with the whole class next time we meet.

M Alignment With Standards

Building Toward Target NGSS PE

e 1-PS4-1. Plan and conduct investigations to provide evidence
that vibrating materials can make sound and that sound can
make materials vibrate.

e 5-PS1-1. Develop a model to describe that matter is made of

Building Toward Common Core Standards ELA

Feb. 2018

Comprehension and Collaboration: CCSS.ELA-LITERACY.SL.6.1
Engage effectively in a range of collaborative discussions
(one-on-one, in groups, and teacher-led) with diverse partners on

grade 6 topics, texts, and issues, building on others' ideas and

particles too small to be seen.

e MS-PS4-2. Develop and use a model to describe that waves
are reflected, absorbed, or transmitted through various

materials.

e MS-PS3-5. (Partial) Construct, use, and present arguments to
support the claim that when the kinetic energy of an object
changes, energy is transferred to or from the object.

@\v nextgenstorylines.org

expressing their own clearly.

e (CCSS.ELA-LITERACY.SL.6.1.B Follow rules for collegial

discussions, set specific goals and deadlines, and define
individual roles as needed.

e (CCSS.ELA-LITERACY.SL.6.1.C Pose and respond to specific

These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty
Moore Foundation, and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern
University
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Middle School Unit: How Can We Sense So Many Different Sounds From a Distance?

Previous Lesson...Where we have been: Students developed a model of what all states of matter have in common. This model included particles, empty space, and motion. Students simulated what happens in
the surrounding matter as a vibrating object is interacting with it. This model will suggested that motion (or energy) might be transferred through the medium from one end to another through particle collisions.
This model also motivated the need to explore a simulation of this system where the amplitude and frequency of the sound source can be changed, and the particle collisions across the medium can be inspected

more closely.

<

This Lesson....What we are doing now: Students will run a computational simulation exploring how particle collisions propagate across a medium from a vibrating sound source. Their
investigations will help them develop complementary models for the nature of the wave traveling across the medium, including a particle density model (bands of dense and less dense batches of
Q, | matter), a transverse wave model (density vs. time at a given location), and a ray model (showing the direction of energy transfer across the medium).

2 periods:

url.com/SoundAcross

Medium ] provides a

(40-45 min each)

O

Building
toward

4
NGSS PEs:
1-PS4-1
4-PS4-1
MS-PS4-1
MS-PS4-2
MS-PS3-5

way to visualize and
collect data on
particle packing
(density) at a point in
space over time as
sound travels
through it, as well as
on what happens
across a region of
space over time.

unobservable mechanisms
(propagation of sound
waves across a medium to
investigate and describe
the patterns in the motion
(energy) of each single
particle (matter) in the
medium, the changes in
particle density in a given
space (pressure) over
time, and the changes in
particle density bands
(pressure) across the
medium (system) that
result from changing the
frequency and amplitude
of vibrations at the sound
source.)

Lesson Phenomena Lesson Performance What We Figured Out (CCCs & DCls), New Questions and Next Steps

Question Expectation(s)
L12: What exactly | A computer Use mathematical and We brainstormed things we wanted to see included in a computer simulation to help us better understand how sound travels across a medium.
is traveling across | simulation (Netlogo) | computational thinking to | These included the sort of things we would want to be able to adjust about the motion of the sound source in that simulation and the sort of
the medium? [https://preview.tin generate data for particle interactions in the medium we thought would need to be included. We argued that such a simulation would help us better visualize,

explore, and understand what is going on.

So we conducted two investigations using a computational simulation (NetLogo) that had the objects and interactions that we defined were
necessary parts of the model. Based on the data we collected during these investigations, we determined the following:
o When an object moved back and forth, it produced bands of compressed and expanded particles that traveled through the medium.
e The density of compression got greater when the amplitude of vibration at the sound source increased.
e The distance between compression bands appeared to change when we changed the frequency of vibration.
e After the wave passed through a region in the medium, the density of particles in that region returned to what it was before the wave got
there.

We produced a three-frame, time-lapse model to make arguments for evidence to answer the original question: What exactly is traveling across
the medium? We made these points:

An object that is vibrating pushes into and pulls away from the medium next to it.

This leads to a pattern of bands of “more/less densely packed particles” being produced in the medium.

e Collisions between the particles in the medium result in these bands moving away from a sound source.

e We can represent the direction of the resulting energy transfer across the medium using rays (or arrows).

Next steps: We think we can apply what we know to any new phenomena where sound is being produced to explain things like (a) how you
can hear sound through water and (b) what makes the window shake when the stereo speaker is playing. We try and apply the ideas we
developed in this lesson to revising our model for explaining the stereo speaker phenomenon again.

Next Lesson...Where we are going: The next lesson marks the end of Bend 2. You will help student develop a “Gotta Have It” checklist to use for models and explanations related to phenomena where a sound
source causes something far away to move. Students will take what they've learned from the unit thus far, and in small groups construct a model and explanation for a new phenomena: why salt on plastic wrap
over a bowl jumps up and down when a drum is hit far away. They will then apply this same checklist to revising their model and explanation for why the window across the parking lot moved when the truck

stereo was blasting music.

@\‘ nextgenstorylines.org
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[Z] Getting Ready: Materials Preparation

Materials for the Class Preparation of Materials (15 min)
e Lesson 12 - PI of NetLogo Simulation Results to display e Test the simulation following the directions
e Lesson 12 - PI - Representations used in the simulation in the Student Activity Sheets for running the
e Project and computer to display the image above onto a whiteboard simulation in a web browser at this address:
e YouTube video of music in the truck causing a window to move across the parking lot http://tinyurl.com/SoundAcrossMedium
https://www.youtube.com/watch?v=cedfX-gzHuM You will replay the whole video at e Ifyour school blocks this address, then use
the end of this lesson. this longer one:
e Whiteboard markers http://modelingcommons.org/browse/one
e Optional: Glass syringe to show that air is springy (an economical option can be found model/5282#model tabs browse nlw

by searching “glass syringe mimaki” on Amazon.com)

Materials for Each Student

e Lesson 12 Student Activity Sheets
e A laptop or chromebook with a web browser and access to the internet.

{/‘ nextgenstoryl | nes. Org These HH‘[I(’I'I'(I/‘V.H ere developed f(ﬂ'(?ll\‘.{/} lx'if[z ,vs'up/wr"r from rfw ."11(‘/11:[1(177 {)L’[{({f‘f{]l(’/7f of E(/f{(‘(lff()/l,' r/zf* Gordon and Betty This yvork is Iicen.sed unger a Creative Commons Attribution @ @
N\ Moore Foundation, and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern 4.0 License o 1 36

University.


https://www.youtube.com/watch?v=cedfX-gzHuM
http://tinyurl.com/SoundAcrossMedium
http://modelingcommons.org/browse/one_model/5282#model_tabs_browse_nlw
http://modelingcommons.org/browse/one_model/5282#model_tabs_browse_nlw
http://creativecommons.org/licenses/by/4.0/

Lesson 12: What exactly Is traveling across the medium? Teacher Guide v2.1
Middle School Unit: How Can We Sense So Many Different Sounds From a Distance? Feb. 2018

<> Getting Ready: Teacher Preparation

Background Knowledge Linking Our Understanding to Scientific Terminology

e NetLogo web (http://www.netlogoweb.org/) is freely available. e Compression wave
It was developed by the Center for Connected Learning and e Wavelength
Computer-Based Modeling at Northwestern University. e Density

® Pressure
e Energy
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& 4 Learning Plan: What exactly is 2 periods: ¢ Teacher Supports & Notes
s traveling across the medium? (40-45 min each)

Day 1

1. (5 min) Begin with a Sharing Initial Ideas discussion to have students look back at their
responses to the Next Steps questions from the end of the last lesson. Then ask for some volunteers
to share out their responses.

Suggested Prompts:

=> At the end of the last lesson, your groups brainstormed things you would want to see included in
a computer simulation to help us better understand how sound travels across a medium. Let’s
share some of those. What sort of things would you want to be able to adjust about the motion of
the sound source in that simulation? Q Strategies for this
What sort of particle interactions in the medium would need to be included in the simulation? Sharing Initial Ideas Discussion
How might running a computer simulation, which includes all the things you listed above, help us The goal of this discussion is to
better visualize and understand what exactly is traveling across the medium when a sound is
produced from a sound source?

remind ourselves of what it is we wanted
in the simulation that we will be using
today and why, justifying what needs to
be in the simulation based on what we
know so far about sound.

Listen for student responses |3 such as:

We wanted to be able to adjust the frequency and amplitude of the sound source.

We wanted to be able to see particles colliding with each other.

We could see the particles moving across the entire medium, and we could watch the sound moving
across the medium and pause it (freeze frame the simulation) like we did when we were simulating
it with people as particles.

This discussion will help students orient
themselves to what will be in the
simulation before they ever run it and will
increase the sense of coherency for
students, because it will feel like outlined
the specifications for the simulation they
2. (7 min) Project the Lesson 12 - PI - Representations Used in the Simulation. wanted to be able to work with, making it
feel like they had a hand in
co-constructing it.

Help student map the elements shown

i These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty This work is licensed under a Creative Commons Attribution
nextgenstorylines.or pecirons s - ; : . . . (o)
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below to the representations we will see in the computer simulation of these systems.

Then ask for some volunteers to share out their responses.

Suggested Prompt:
=> Let’s think back to this image of the drum and the tuning fork. Can you remind us what we were

trying to visualize in the previous home-learning we did for one of these systems?

Listen for student responses such as:

=> We were trying to visualize how the back-and-forth motion of the surface of the sound source would
interact with the surrounding particles in the medium.

Point to this portion of the image from the computer simulation.

before the sound source starts vibrating
(particles in the medium are not visible)

Orange sound scurce

Tell students that this is how the small section of a vibrating object will be represented in the
computer simulation we are going to use.

Emphasize that though the simulation will allow you to change the vibration of the small section in
terms of amplitude, frequency, and the number of vibrations, it won’t show the initial force that
pushed or pulled on the object to start it vibrating, nor will it show shape changes.

Have students visualize what they expect to see the orange object doing if they change the
amplitude, frequency, or number of the vibrations it does in the simulation.

i These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty This work is licensed under a Creative Commons Attribution
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Suggested Prompts:
> In each of the photos, a small portion of the object that is a sound source after it is struck or

plucked is highlighted in orange. Take your pencil or pen in your hand to show how that portion
of the object would move if we could see a slow-motion video of it vibrate back and forth three
times.

=> Show how that motion would change if it vibrated at a slow frequency.

=> Show how that motion would change if it vibrated with higher frequency, but less amplitude.

Listen for student responses such as:

We wanted to be able to adjust the frequency and amplitude of the sound source.

We wanted to be able to see particles colliding with each other.

We could see the particles across the entire medium, and we could watch the sound move across the
medium and pause it (freeze frame the simulation) like we did when we were simulating it with
people as particles.

Then point to this portion of the image:

before the sound source starts vibrating
{particles in the medium are visible)

Tell students that this is what the surrounding medium will look like in the computer simulation
before they start the simulation and before the sound source starts vibrating. Point out that this
visualization of the particles in a medium is probably a better representation of a liquid or solid
than a gas. But remind students that we argued that the type of particle interactions (collisions vs.
bumping vs. shoving) in each seemed really similar, and we thought that much of what we were
simulating in the last lesson could be applied to any medium, so let’s use this simulation to explore

H These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty This work is licensed under a Creative Commons Attribution
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these two questions:

1. What, if anything, do you expect to see moving across the medium as sound travels away
from a sound source?

2. Ifyou could watch the motion of a single particle in the medium, what would you expect to
see it doing as sound travels across the medium?

Have student write their predictions down in questions 1 and 2 on their Student Activity Sheets,
and then tell them to follow the directions for Investigations 1 and 2.

3. (15 min) Tell students that directions on how to download the simulation and two investigations
for them to conduct are on their Student Activity Sheets, and that Investigation 1 is one for them to
try individually, but Investigation 2 requires them to work with an elbow partner, using two
computer screens to compare results.

After students complete their predictions, check to see if students are getting the model running.
Encourage people sitting near each other to check in with their elbow partners to make sure they
can get the uploaded model running.

4. (10 min) Have students start to share their findings from the first two investigations.
Listen for student responses such as:

=> There are bands of compressed and expanded particles traveling through the medium.
=> The density of particle packing or compression gets higher when the amplitude of vibration at the
sound source increases.

Another possible student response you might hear is:

=> The distance between compression bands appears to change when you change the frequency of
vibration.

’v nethenStOFy“neS Ol’g These materials were developed through with support from the Michigan Department of Education; the Gordon and Bett) This work is licensed under a Creative Commons Attribution @ ®
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Have all students complete question 5 as home-learning.

Day 2

5. (5 min) Ask a few remaining students who didn’t share last time to share their findings today.

6. (5 min) Project the PI of NetLogo Simulation Results as a space to co-construct a simplified
representation of what is happening to the particles in the medium over time as sound travels
through it. Tell students that Frame 1 is from the start of the simulation, Frame 2 is later, and
Frame 3 is toward the end of the simulation run. Ask students to describe what these images from
the simulation help us understand about what is happening to the matter in the medium after a
sound source vibrates back and forth a couple of times.

Suggested Prompts:
What are these darker bands showing?

What are these lighter bands showing?

How did the vibrating sound source cause the particles in the surrounding medium to get
squished together?

Why did the particles spread back apart after the sound source moved away from it?

vy J

¥

Listen for student responses such as:

=> The darker bands are where the particles are compressed together.

> Between the darker bands are where the particles are more spread apart.

=> The vibrating sound source pushed into the particles in the surrounding medium at some points in
time. This squished the particles in the medium together.

=> When the sound source moved back away from the medium, the particles in the medium could
spread back out into the space left behind.

Remind students that we know that the particles don’t move all the way from the sound source to
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the window or our ears, but they do move. Ask students what the motion looked like in the
simulation when they were getting compressed together and when they were spreading apart.

Listen for student responses such as:

=> They move back and forth.
=> They go one direction and then back and then back again.

7. (5 min) Project the image of the PI of NetLogo Simulation Results for students to see.
Co-construct annotations for these images to describe what is happening to particles in the
surrounding medium with students. Have students make a record of these annotations also in
their Conclusions section of their Student Activity Sheets. Tell students that we will add these
annotations to our Incremental Model Tracker sheets later.

Frame 1

An object that is vibrating back and forth pushes
into and pulls away from the medium next to it.

This leads to bands of "densely packed”
particles and less densely packed

band of nore particles being produced in the medium.
are

densely densely
packed packed
particles particles

i These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty This work is licensed under a Creative Commons Attribution
nextgenstorylines.or ’ © € - : . . . @O
@ e tge StO y es.0 g Moore Foundation, and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern 4.0 License N ~ 1 4 3

University.


http://creativecommons.org/licenses/by/4.0/

Lesson 12: What exactly Is traveling across the medium? Teacher Guide v2.1
Middle School Unit: How Can We Sense So Many Different Sounds From a Distance? Feb. 2018

8. (15 min) In Frame 2, add the arrow representation shown below. Remind students, “We used an
arrow to represent the movement of sound before. Now we know that the particles aren’t traveling
all the way along the arrow, but that collisions between particles are transferring something. One
way that scientists describe that ‘something’ is to refer to it as energy (or Kinetic energy).
Collisions are one way that motion energy is transferred between different objects. For our
purposes we can say that the arrows are showing the direction that energy is being transferred.”

Frame 2
Collisions between the particles in the medium results in these bands

moving away from a sound source.

$
o
-

We can represent the direction of the resulting energy
transfer across the medium using a ray (or arrow)

In Frame 3, emphasize that the arrow is also showing the direction that the compression waves are
traveling through the matter. Add a representation of the particles in the medium after the wave
moves through, showing that all the particles in the matter still return to the space they were in
after the energy has transferred through them.

i These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty This work is licensed under a Creative Commons Attribution
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wavelength

After the wave passes through a region in the medium, the density of
particles in that region returns to what it was before the wave got there.

Point out that the distance between two neighboring compression bands (band of high density)
doesn’t change. Tell students that this distance is another way that scientists describe

characteristics of this type of wave, which they refer to as the wavelength of the wave. ﬁ Show that
the wavelength can be visualized as the distance from where the particle density is highest at one
spot in the medium to the next spot where the particle density is highest.

Emphasize that though it looks like bands are moving, the movement of the bands is a sort of
optical illusion that arises from the domino effect of collisions or shoves between neighboring
particles and due to the fact that all matter is springy (up to a point). | Tell students that this
springy behavior of all matter (gases, liquids, and solids) is due to how their particles interact with
each other when they collide or bump into one another.

9. (5 min) Review the following ideas, prompting students to show where in the diagrams we have
annotated these ideas:

e An object that is vibrating pushes into and pulls away from the medium next to it.
e This leads to a pattern of bands of “denser packed” particles vs. “less densely packed

Additional guidance

B Wavelength is an emergent property
of two things: the frequency in the pattern
of vibration that started the waves and the
properties of the medium. Different media
(oil vs. water) will exhibit different
wavelengths for a vibrating object placed
in them even if the frequency remains
constant between the different media.

ﬁ{ Alternate Activities

Some students may want additional
evidence that air is springy. One way to
demonstrate the springiness of air is using
an air-filled balloon. This object, however,
may not convince students that it is the air
in the balloon (and not the latex skin) that
makes it springy. To address this
argument, a glass syringe can provide
stronger evidence. Take a glass syringe
with air it and set the plunger halfway into
it. Then cap the cover of it (with your
finger). When you lightly pull or pluck on
the top of the plunger it will vibrate up

These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty
Moore Foundation, and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern
University.
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particles” being produced in the medium. and down for a bit. This doesn’t work with
Collisions between the particles in the medium result in these bands moving away from a plastic syringes due to the high friction
sound source. between the walls of the syringe and the

e We can represent the direction of the resulting energy transfer across the medium using plunger.
rays (or arrows).

Formative Assessment
F — 3 Opportunities

10. (5 min) Ask students if we think we can apply this model to explain things such as how we can

hear sound through water and what makes the window shake when the stereo speaker is playing. IEF Itis expected that this may be
difficult for some students. That struggle
Tell students that we are going to give this a try and see if we can use these ideas to explain the will be helpful in motivating a group

phenomenon of the truck stereo that causes the windows of a building across a parking lot to
move.

modeling activity in the next lesson. When
students bring their ideas together from
this home-learning assignment in the next
lesson, they will help advance the
understanding of the whole group, even if
the application of the ideas from this

Assign the Next Steps section of the Student Activity Sheets as home-learning. H lesson is only partially developed.

Show the video from Lesson 8 again of the truck stereo and the window, telling students to observe
the phenomenon again, so they can think about how they would apply the ideas we developed in
this lesson to explain it.

Checking on students’ individual models
the next day as they work on their group
models can help you quickly identify some
students who you can engage in
discussion with their groups to restate
what their models are showing and how
those could be used to explain the truck
stereo and the window.

Moore Foundation, and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern 4.0 License hitp://creativecommons.org/licenses/by/4.0/
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W Alignment With Standards

Building Toward Target NGSS PE

e 1-PS4-1.Plan and conduct investigations to provide evidence
that vibrating materials can make sound and that sound can
make materials vibrate.

® 4-PS4-1. Develop a model of waves to describe patterns in

Teacher Guide v2.1

Building Toward Common Core Standards ELA

Feb. 2018

Comprehension and Collaboration: CCSS.ELA-LITERACY.SL.6.1
Engage effectively in a range of collaborative discussions
(one-on-one, in groups, and teacher-led) with diverse partners on

grade 6 topics, texts, and issues, building on others' ideas and

terms of amplitude and wavelength and that waves can cause

objects to move.

e MS-PS4-1. Use mathematical representations to describe a

expressing their own clearly.

e (CSS.ELA-LITERACY.SL.6.1.B Follow rules for collegial
discussions, set specific goals and deadlines, and define

simple model for waves that includes how the amplitude of a
wave is related to the energy in a wave. e (CCSS.ELA-LITERACY.SL.6.1.C Pose and respond to specific
questions with elaboration and detail by making

e MS-PS4-2. Develop and use a model to describe that waves are
reflected, absorbed, or transmitted through various materials.

e MS-PS3-5. (Partial) Construct, use, and present arguments to
support the claim that when the kinetic energy of an object
changes, energy is transferred to or from the object.
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Previous Lesson...Where we have been: Students ran a computational simulation exploring how particle collisions propagate across a medium from a vibrating sound source. Their investigations helped them
develop models for the nature of the wave traveling across the medium.

<>

This Lesson....What we are doing now: This lesson marks the end of Bend 2. You will help students develop a Gotta-Have-It checklist to use for models and explanations related to phenomena
where a sound source causes something far away to move. Students will take what they've learned from the unit thus far, and in small groups, develop a model to explain a new phenomenon:
why salt on plastic wrap stretched over a bowl jumps up and down when a drum far away is hit. They will then apply this same checklist to revising their model and explanation for why the

make sound move?
(Includes Embedded
Assessment #3)

2 periods:
(40-45 min each)

)

oO

Building toward

NGSS PEs:
MS-PS4-1
MS-PS4-2

When a drum was
struck, a sound was
made, and then the
salt on a piece of
plastic wrap stretched
over a bowl jumped
up and down.

mechanisms for how banging on a
drum causes vibrations on it that lead
it to produce sound, which causes
particles of matter in the surrounding
medium to be compressed and
expanded together, which then
collide with neighbors to transfer
energy across the medium to result in
(effect) making salt on plastic wrap
stretched over a bowl far away move.

Develop and use a model to describe
phenomena using unobservable
mechanisms for how a stereo
speaker playing music could cause
vibrations that produce sound
(effect), which causes particles of
matter in the surrounding medium to
be compressed and expanded
together, which then collide with
neighbors to transfer energy across
the medium to result in (effect)
making a window far away move.

% [window across the parking lot moved when the truck stereo was blasting music.
Lesson Phenomena Lesson Performance What We Figured Out
Question Expectation(s) (CCCs & DCls), New Questions and Next Steps
L13: How does All previous Develop a model to describe We shared what was tricky about trying to develop a model to explain how the music from the truck stereo traveled to the
matter around us phenomena phenomena using unobservable windows and made them move, and we shared where we were still stuck. In order to help us out, we brainstormed some other

experiences we’'ve had where it seemed like sound was making something move far away from the sound source.

We argued that whatever explanation we develop for the more general question, “How does a sound source cause sound to be
produced AND how can that sound then cause something far away to move?” needs to explain the truck stereo and window as
well as many of these other related phenomena. We explored another example of this happening—banging on a drum caused
salt sitting on plastic wrap stretched over a bowl to jump up and down.

We took stock of which ideas would be needed to explain both (a) the drum and the salt phenomenon and (b) the truck speaker
and the window phenomenon and made a Gotta-Have-It checklist out of these.

In small groups, we then used this list to help us develop a model to explain the drum and salt phenomenon. Comparing our
models led us to identify some additional ideas that were common among the models:
. Energy is put into the system by a force applied to the sound source.
. Larger forces lead to further deformation of the sound source, which leads to vibrations of bigger amplitude.
®  These cause matter in the medium to go through bigger changes in the amount it is compressed and expanded (bigger
changes in density).
e  This leads to more energy being transferred across the medium through the subsequent chain of particle collisions that
occur through the back-and-forth motion of the particles in the medium.

Next steps: We took our Gotta-Have-It checklist and went back to try to apply it the question, “How did the stereo speaker
make a sound, and how did that sound make the window move?” as our end of Bend 2 assessment.

Next Lesson...Where we are going: This lesson will mark the start of Bend 3. You will help student identify a gap in our Consensus Model related to how our ears detect sounds. Students will gather additional
information about the structure and function of the ear from experts (ENT doctors). After watching a video tour through the human ear and reading some information, they reconstruct the pathway a sound wave
travels inside the ear sending a nerve impulse to the brain where this information is decoded. They also gather information about what causes hearing loss through additional readings.
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[Z] Getting Ready: Materials Preparation

Materials for Each Student Materials for Each Group
e Lesson 13 Student Activity Sheets (1) e Poster paper and
e Student Reading 13 (1) [to be assigned at any markers

point after this lesson]

e All Incremental Model Tracker sheets and the
Student Activity Sheets from Lesson 12 that
each student should already have

Materials for the Teacher

Poster paper and markers

A differentiation for Assessment #3 is available to
use if you wish: Lesson 13 - Alternate Student
Assessment. This resource may be useful to use
for review and remediation for students who need
additional guidance after completing the first
version of the embedded assessment in this lesson.
Use Lesson 13 - Alternate Assessment #3
(Teacher key) to guide assessment of student
understanding.

\/:‘ nethenStOrw | nes. Org These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty
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<> Getting Ready: Teacher Preparation

Background Knowledge for the Teacher Only Alternative Student Conceptions

The key here is to help students use the model Some students may think that the wave that travels through the medium is a transverse wave

built in Lessons 3 and 4 for the deformation of the rather than a longitudinal one. An additional NetLogo model (Sound Waves Through a Medium and
drum during vibration as the structure that causes Graph) is provided to demonstrate that a transverse wave is only a graphical representation that is
the particles around the drum to get pushed an artifact of keeping track of particle density in a region in the medium over time. Go to this
together (compressed). address to run it:

http://modelingcommons.org/browse/one model/5321#model tabs browse nlw

Another important idea is to help students

develop the idea that the energy put into the This model will plot a count of the _

system by louder sounds results in greater number of particles in a rectangle in a '

amplitude vibrations, which results in greater medium as the model runs over time. e

particle density changes. This, in turn, transfers Use this model if you wish to dig deeper Ohgmldﬂ a

more energy through the wave that results in a into these different type of patterns in ] =

greater amount of energy that is moving the what is seen moving across the medium e e U

particles that eventually bump into the plastic (alongitudinal wave) vs. what is T ’

wrap. happening at a single point or in a small |/

region in the medium vs. time.

Help students connect this to the idea that the
particles don’t move from the sound source to the
plastic wrap—just the energy. That is the basic
definition of a mechanical wave—a repeating
pattern of motion where energy moves from point
A to point B, but the matter itself does not. It
simply moves back and forth.

Linking our Understanding to Scientific Terminology

e Sound wave
e Pressure
e Density

‘/‘ nextgenstory“nesorg These tm‘//w'iu/\ were developed through w il/vz support from lfw \r’lu‘/u:g(m »/)L'[?v(I‘I'HW’IH of I;'(lf{c‘(/liz)/z. //1%’ Gordon and Betty This Work is Iicen§ed unger a Creative Commons Attribution @ @
N\ Moore Foundation, and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern 4.0 License oy

University.

150


http://modelingcommons.org/browse/one_model/5321#model_tabs_browse_nlw
http://creativecommons.org/licenses/by/4.0/

Lesson 13: How does matter around us make sound move? Teacher Guide v2.1
Middle School Unit: How Can We Sense So Many Different Sounds From a Distance? Feb. 2018

&' 4 Learning Plan: How does matter around us 2 periods: > Teacher Supports & Notes
make sound move? (40-45 min each)

1. (5 min) Have students take out their models from the Next Steps section of their Student Activity
Sheets from Lesson 12. Engage students in a Sharing Initial Ideas discussion using the suggested
prompts to work with students to set the trajectory for today’s class.

Suggested Prompts:
=> How did it go last night trying to come up with a model to explain how the music from the truck
traveled to the windows?
=> What parts of your model came easy for you?
=> Which parts of trying to figure out your model were challenging?

Listen for student responses such as:

= Oh man! This was tricky. I've seen sound make stuff move like windows, but it’s really hard to
explain what’s going on.

=> [ felt like the sound source must be the speakers in the truck, and something in the speakers must be
moving back and forth—vibrating. There must be particles moving—maybe in the air.

= I'm having trouble putting the pieces together. I don’t really know what’s in the speaker and I don’t
know what'’s actually hitting the window—because something must be hitting it, right? How does
the moving or vibrating speaker actually push the window? They’re not even touching.

Suggested Prompt:
=> Some of your brought up other phenomena that are similar to this. What were some of those other
experiences where it seemed like sound was making something move far away from the sound
source?

Listen for student responses such as:

= ['ve felt my body shake at a concert.
= ['ve seen water in a cup shake when my brother blasts the stereo.

i These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty This work is licensed under a Creative Commons Attribution  f§ /
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Tell students, “So it seems like we have more than just the speaker and the window as an example
of phenomena connected to a broader question, “How does a sound source cause sound to be

produced AND how can that sound then cause something far away to move?” Write this question
on the board.

2. (5 min) Then ask this question, “How could developing a model that answers this broader

question be helpful to us in answering the question about the stereo speaker and the window
phenomenon from last night’s home-learning?”

Listen for student responses such as:

= Ifwe developed a more general model that answers this question, then it should apply to any

phenomenon where something far away is moving due to sound that reaches it. The stereo and
window would just be one case we could apply our model to.

As students write this question down on their Student Activity Sheets as the goal of what we are
going to try to answer.

Question A = How does a sound source cause sound to be produced AND how can that sound then cause
something far away move?

Suggested Prompts:

=> Why might we consider more than just the stereo and the speaker phenomenon when we start
trying to develop an answer to this question?

=> How would comparing more than one phenomenon be similar to what we did when we tried to

develop a model to explain, “What causes different instruments to move the way they do after they
are struck or plucked?”

Listen for student responses such as:

=> The question is a general one that applies to more than one example. So, we need multiple examples.

@ nextgenstory“nes Org These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty
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= Modeling the drum, tuning fork, and guitar string vibrations and comparing them helped develop a
model for what was similar across all objects that vibrate.

3. (10 min) Tell students that you will briefly introduce a new phenomenon to help them develop
this more general model. Below is an example of how one might set up this phenomenon. |

Suggested Prompts:
=> While [ was cleaning up from dinner last night, I noticed something strange that made me think of

all these pieces we’ve been figuring out from out sound unit. I was putting away leftovers and my
kids were playing with drums around the kitchen. Things were messy still so there were spices
and stuff out, and while I was placing plastic wrap over a bowl I noticed something really weird.
tried to recreate what happened so we could all see it together. Let’s check it out and maybe we
could use what we’ve been figured out to explain what's happening.

Gather students around a bowl with plastic wrap stretched across it ﬁ and some salt on top. Hit a

drum and ask students to describe what they see happening. Ask students if they want to try

hitting the drum.

Suggested Prompts:
What do you notice happening?
Does the outcome change if you change how hard you hit the drum?
Do you think this is similar to the video of the truck speaker making the windows move? Why or
why not?
So I wonder if figuring out this phenomenon will, in turn, help us figure out the speaker and
window phenomenon. What do you think?

Listen for student responses such as:

= The salt is jumping every time someone hits the drum. This is weird—the drums aren’t even touching
the bowl.
=> The harder you hit the drum, the more the salt jumps.

Additional Guidance

Adapt as needed so that it reflects an
actual scenario you set up and
experienced even if you pre-planned it, so
that you can tell what you observed in the
accurate context you observed it.

E Be sure to stretch the plastic wrap
tightly over the bowl. Use tape to secure
the sides if needed. Check to make sure
there are no holes. The bowl can be made

Additional Guidance

out of various materials. It will even work
with stretching plastic wrap over a paper
or plastic cup, although the effect might
not be as dramatic.

ﬁ( Differentiation Opportunity

If time in your class allows, you can
have setups for each small group and allow
students to explore the phenomenon more
in depth. For example, they may try various
permutations (hitting the drum under the
table, turning the drum different directions,
etc.). If the top of the drum is hit with the
bottom of the drum head facing the bowl,
you can get a large distance away from the

These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty
Moore Foundation, and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern
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=> Yeah, it is kind of similar. The window is like the salt or the plastic wrap, and instead of a speaker bowl and still see the salt moving.
there is a drum as a sound source. In both cases, there was some sound making something else
farther away move.

Suggested Prompts:
=> Let’s take everything we've learned so far to explain this phenomenon.
=> What would be helpful for working on this together?
=> Where have we been keeping track of what we figured out so far?

Listen for student responses such as:

= We could maybe work with more people to try to figure this out.
= We've been keeping track of what we figured out in our Incremental Model Tracker sheets, Student
Activity Sheets, and we have a summary table we’ve been working on together on a poster in the

room. ﬂ

Additional Guidance
Suggested Prompts:
=> Those are some great ideas. Maybe we can use all the resources we have available to work
together in small groups or as a class. 58 Remind students that in addition to
- We could look at our notes, models, summary tables and take stock of everything we've figured out || the Incremental Model Tracker sheets, we
so far. But let’s keep in mind that we now have two specific phenomena that our ideas should be had some really helpful annotations we
able to explain: (a) the drum and the salt, and (b) the truck speaker and the window. Let’s write made to the images from NetLogo in the
those two specific phenomena in the form of a question that connects to our larger question on our || 12stlesson that we may want to reference.
Student Activity Sheets. What is a specific form of the broader question that we already wrote
down that we could ask about the drum and the salt? You may want to ask students to remove
that sheet from the previous lesson and
Listen for student responses such as: staple it to the Incremental Model Tracker
sheets, along with a note in those sheets
=> How did hitting the drum cause it to make a sound, and how did that sound cause the salt to move? that says, “see attached annotations from
the computer simulation.”
Have students add this as question B to their Student Activity Sheets.

Question B = How did hitting the drum cause it to make a sound, and how did that sound cause the salt to

H These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty This work is licensed under a Creative Commons Attribution
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move?

Remind students that the answer we develop for this question will use the same model as the
answer to a similar question we will write about the truck speaker and the window. Ask students
to come up with a question we could ask about the truck and the window that is also based on that
broader question asked at the end of Step 1 (and is written on the board).

Listen for student responses such as:

= How did the stereo speaker make a sound, and how did that sound make the window move?

Have students add this as question C to their Student Activity Sheets.

Question C = How did the stereo speaker make a sound, and how did that sound make the window move?

4. (5 min) Review with students what our plan will be on the next page of the Student Activity
Sheets through the lens of these three questions. Say something like, “We are going to try to
develop a model to answer question B, but when we do so we want to be using ideas that we think
apply to C as well. In that way, we are more likely to be using the key ideas needed to answer A for
many more phenomena like this. On the next page your group will keep track of all the ideas that
you think apply to both B and C before you develop a visual representation of how these ideas are
interconnected together. This means you will need to be thinking through everything in your
Incremental Model Tracker sheets and other notes that you think are the big, key ideas you will
need to explain both B and C. We have a LOT of ideas on those sheets, so we need to figure out
which ones we don’t need, as well as the ones we do, to explain this kind of phenomenon. Let’s try
to do a couple together.” Have students pull annotated diagrams from the last lesson and their
Incremental Model Tracker sheets.

Ask students to suggest ideas from Lessons 1 through 4 that they think we DO NOT need to explain
questions B and C. And then ask them to suggest one they think we DO need.

Suggested Prompts:

7 H These materials were developed through with support from the Michigan Department of Education; the Gordon and Bett) This work is licensed under a Creative Commons Attribution
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=> (an someone nominate an idea from Lessons 1 through 4 that you think we don’t need to explain
both questions B and C and why?

=> (Can someone else suggest an idea from Lessons 1 through 4 that you think we do need to explain
both questions B and C and why?

Listen for student responses such as:

=> We really don’t need anything about the structure of the record for this explanation.
-> We do need the idea that the sound source moves back and forth (vibrates) past it original starting
position for a while.

Have students write the idea that they suggested is needed to answer both questions B and C in the
first line of the Gotta-Have-It checklist on their Student Activity Sheets. H

5. (15-20 min) Tell students to
work in small groups to
summarize the rest of the ideas
that they need to answer both B
and C. Instruct students to make
sure everyone has a copy of X ) : Q ‘
these ideas on their checklist. A e OO TR R OLO Vet ﬁ( Alternate Activities

Instruct students to work in A (2" 2 & &0 OC 5 g B=8 You could make a Google document
groups and use this checklist to A 2 N OIS ) | ) X O . ( version of this checklist available to one
create a model to explain \ b= O O e ISEH S & 7 person in the group and have that person
question C (from the front of 5 "”L g0 M0 Ry 4 (or two people) be a recorder. When all the
their student activity sheets: 2 E E‘:ﬂ"ﬁéﬁ?ﬁr" R ).m A . ideas are summarized, have them share the
How did the stereo speaker make a = “ * - | checklist with all group members.

sound, and how did that sound empiy space ‘ ;

make the window move?). Have

them write that question on the
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top of a piece of chart paper and give them markers to use as they work together building their QEI Classroom Artifacts

model. While students are drawing these models, encourage them to use the model the class built

for the drum with the sound source on its side in Lesson 4 as a starting point. Here is another example model for
“How did hitting the drum make the salt
move?”

Day 2
6. (15 min) Give additional time for students to complete their group models as needed. \ 2 \\

7. (10 min) Tell students to put their models up around the room and allow them to do a short
gallery walk to view each other’s work. You may choose to have students write questions or
comments on sticky notes as they walk around to view the models.

8. (10-15 min) Form a Scientists Circle for a Consensus Discussion about the question, “How did
hitting the drum make the salt move?” Have students bring over their Gotta-Have-It checklists to
the discussion circle. In this discussion, there are two purposes:

e Put pieces together about what we've figured out from Bends 1 and 2.

e Problematize needing to know more about sound detectors.

The class should now be able to build and apply a model to describe how hitting the drum moves
the drum and how that affects the particles of air in between the drum and the plastic wrap. These
are all the pieces students have been working on in Bends 1 and 2. The goal of this discussion is to
connect what we know from Bend 1 (model of drum head from Lessons 3 and 4) to Bend 2 (model
from NetLogo).

After coming up with a consensus model that connects the models from Bend 1 to Bend 2, ask
students to think about where the energy came from to move the salt. “

Suggested Prompts:
=> Using our Consensus Model, where did the energy to move the salt on the plastic wrap originally

‘/‘ nethenStory“nesorg These tm‘//w'iu/\ were developed through w il/vz ,v\'up/m/'/ from lfw \r’lu‘/u:g(m »/)L'[?v(I‘I'HW’IH of I;'(lf{c‘(/liz)/z. //1%’ Gordon and Betty This Work is Iicen§ed unger a Creative Commons Attribution @ @
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vl

come from?

If we had to trace back the energy starting with the salt and going backwards, where would we end
up?

If we wanted to move the salt more, what would we do to the drum?

How is this related to the amount the drum deforms and the amplitude of its vibrations?

How is this related to how much the particles in the surrounding medium change in density (are
smooshed and expand)?

(Refer to model while asking this.) So what is moving from the sound source to over here to the
plastic wrap and salt?

So how does the energy move again? What causes it to move?

Is anything physical moving—Ilike any actual matter?

This pattern of energy transfers across the medium. This is the sound wave.

Listen for student responses such as:

-
->

-

We’re not exactly sure where the energy originally came from. Did it come from the air?
Somehow the salt moved and what moved before that were the particles in the air bumping into
each other. Then what bumped the particles of the air? Well if we trace those back, we get back to
the surface of the drum—the surface of the drum pushed the air particles. Then what made the
surface of the drum move? The force from our hand pushing the mallet into the drum head, so the
energy originally came from the force of us hitting the drum.

The energy is moving from the sound source to the bowl.

The pieces pushing each other cause the energy to travel. Like the mallet pushes the drum and the
drum skin pushes the air and the air particles push into each other until they get to the salt.
No—only the energy moves and all the matter goes back to basically its original starting position.

Have students add these ideas to their checklist (if they aren’t on there already):

Energy is put into the system by a force applied to the sound source.

Larger forces lead to further deformation of the sound source, which leads to vibrations of
bigger amplitude.

These cause the matter in the medium to go through bigger changes in the amount it is
compressed and expanded (bigger changes in density).

This leads to more energy being transferred across the medium through the subsequent

Additional Guidance

One way to provide feedback is to say
things like, “I noticed (x). That made me
wonder (y),” where x and y are things that
you want to provide guidance to students
on. For example, “I noticed in part G that
your sound source appears to not be
moving. That made me wonder whether
sound can be produced without vibration
and [ was wondering what you were trying
to represent at this point. Can you tell me
more?”

ll We want students to make the
connection that the original energy put
into the system from a hand holding a
mallet pushing into the drum head as the
cause that put energy into the
system—that’s the same energy that
moves the salt. We also are trying to see
that the energy is being transferred from
the drum to the salt, but the physical
matter of the drum and the particles
between the drum and the salt do travel
that same path. Last of all, we are helping
students connect the amount of

Additional Guidance
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chain of particle collisions that occur through the back and forth motion of the particles in
the medium.

9. (5 min) Summarize this end of bend assessment point with students by saying something like,
“Are we happy with our checklist? Great! So your individual assessment for this point in the unit is
to take your checklist and apply it to the model you made for question C related to the truck
speaker and the window. Because we agree all of these need to be represented in the model, assign
a number or letter to each item in this Gotta-Have-It checklist and put the corresponding number
or letter on your model to show where this idea is being represented. I If it is not represented on
the model, then you know you need to add it. You are welcome to redraw your model if you wish
and take poster paper home if you want to in order to work on this. This is a key assessment for
ourselves in terms of whether the ideas we developed for the drum and salt phenomenon also
worKk for explaining the truck and the window. But it is also an excellent individual assessment for
you and me to evaluate your own understanding of the ideas we have developed together so far as
aclass.”

Assign the revision of the model that explains question C, “How did the stereo speaker make a
sound, and how did that sound make the window move?” and the corresponding alignment to the
Gotta-Have-It checklist as a take-home assessment.

Also assign the Lesson Student Reading 13 could be also assigned now, or saved as a reading for a
day when you have a substitute. It makes connections to earthquakes and isn’t critical for building
coherence to the next lesson.

deformation to the amount of force
applied, which affects the amplitude of
vibrations at the sound source. This, in
turn, affects the density changes in the
particles in the medium, and this affects
how much energy is transferred across the
medium.

® ‘z] Providing Feedback on this
F = Summative Assessment

You can use the Gotta-Have-It
checklist as a way to give students
feedback, and ask them guiding questions
by referring to the letters or numbers they
used in their keys.

ﬁ( Differentiation Opportunities

An alternate form of Student
Assessment #3 is available to use if you
wish for students who made additional
scaffolding. A Lesson 13 - Differentiated
Assessment #3 (Teacher key) is provided.

H These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty This work is licensed under a Creative Commons Attribution
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M Alignment With Standards

Building Toward Target NGSS PE

e MS-PS4-1. Use mathematical representations to describe a
simple model for waves that includes how the amplitude of a
wave is related to the energy in a wave.

e MS-PS4-2. Develop and use a model to describe that waves
are reflected, absorbed, or transmitted through various
materials.

Building Toward Common Core Standards ELA

Comprehension and Collaboration: CCSS.ELA-LITERACY.SL.6.1
Engage effectively in a range of collaborative discussions (one-on-one,
in groups, and teacher-led) with diverse partners on grade 6 topics,
texts, and issues, building on others' ideas and expressing their own
clearly.

e (CCSS.ELA-LITERACY.SL.6.1.B Follow rules for collegial
discussions, set specific goals and deadlines, and define
individual roles as needed

@\‘ nextgenstorylines.org
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Previous Lesson...Where we have been: This lesson marked the end of Bend 2. You helped students develop a “Gotta Have It” checklist to use for models and explanations related to phenomena where a sound
source caused something far away to move. They used this list to construct a model and explanation for a new phenomenon: why salt on plastic wrap over a bowl jumps up and down when a drumiis hit far away.
Individually students applied this same checklist to revising their models and explanations for why the window across the parking lot moved when the truck stereo was blasting music.

<>

O

This Lesson....What we are doing now: This lesson marks the start of Bend 3. Students will have unanswered questions regarding how our ears detect sounds. After watching a video tour through
the human ear and reading some information, they reconstruct the pathway that energy is transferred through the ear to the nerve cells that send signals to the brain. They also gather information,
> |through an out-of-class reading, about what causes hearing loss.

Lesson
Question

Phenomena

Lesson Performance
Expectation(s)

What We Figured Out (CCCs & DCls), New Questions and Next Steps

L14: What is going
on inside my ear
that can explain
how we can detect
certain sounds?

1 period:
(40-45 min)

(82

oO

Building toward

4
NGSS PEs:
1-PS4-1
MS-PS4-1
MS-PS4-2
MS-PS3-5
MS-LS1-8

An otoscope video of an
eardrum examination by a

doctor shows structures in
the ear canal.

Information from the

experts about the inner ear

describing functions of the

cochlea and hair cells is

provided through a

adapted reading. Other

media sources are as

follows:

® Animated diagram of
vibrations entering the
inner ear

e Video of Cochlear
Animation with
narration that explains
tonotopic arrangement
and vibration of basilar
membrane

e Video of Deafening
Sound—How Hearing
Works showing
stereocilia vibrating

Obtain and communicate
information integrated
from written text and
video into visual displays
showing how the
structures in the ear
interact with each other to
transfer vibrations (cause
and effect) from the
eardrum to fluid in the
cochlea and to a series of
sensory cells along this
structure that then vibrate
(more or less) in response
to vibrations of particular
frequencies, thereby
sending signals along
different nerve cells to the
brain in response to
different pitch sounds.

We brainstormed possible things that might be happening inside our ears, and we have heard that there is an eardrum inside the
human ear. Maybe there is a structure that moves like the window moves. We wanted to check this out.

We explored this by watching a video taken through an otoscope by an ear, nose, and throat (ENT) doctor, and we discovered that the
eardrum looks like a drum membrane and also moves and is pulled tight when it works.

This led us to claim that the eardrum would move like a real drum would if sound reached it. But this led us to wonder what happens
next to these vibrations after they reach the eardrum and whether there is anything else behind this eardrum that might help explain
how sound is detected. We gathered evidence from a reading (and video clips) developed with support from an ENT doctor and a
neurobiologist, which we organized into an annotated diagram of the inner ear structures showing the following:
e Vibrations are transmitted from the eardrum to tiny bones in the ear and then to a structure called the cochlea.
® The cochlea contains fluid that transfers vibrations along the basilar membrane, which has different areas that correspond to
where different pitch sounds are detected.
e All of these areas contain stereocilia (hairs attached to sensory cells) that deform and vibrate more or less in response to
different pitch sounds.
e When a stereocilia is bent far enough, the cell it is attached to sends a signal to a nerve cell that relays it to the brain.
® Hearing loss is caused when one of the structures in the ear is damaged. This damage can be irreversible if the hair cells or their
detectors, the stereocilia, are permanently damaged.

One thing this made us wonder (for classes that will be doing Lesson 15) was: What types of sounds might be the most dangerous to the
structures in our ears—Ilouder sounds (greater amplitude) or sounds of a higher pitch (greater frequency)?

Next steps (in home-learning reading): We want to gather additional information related to how other creatures hear and why some
creatures can hear things we can’t (different structures).

Next Lesson...Where we are going: Optional lesson 15: Students will plan an investigation to answer the question: What transfers more energy to an object, doubling the amplitude or doubling the frequency of a
sound wave? Then students take the results of their investigations to develop a mathematical model to argue that the amount of energy in a wave is directly proportional to the frequency, and the amount of

@m nextgenstorylines.org
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energy in a wave is proportional to the square of the amplitude. Lesson 16: Students collect data about the patterns they find when standing at different points around a sound source. You will guide your students

to draw a model to represent their findings as a class. The model will have an issue to resolve: How can we use our model to explain why the sounds are getting quieter and the amplitude is decreasing? After

revising their models to answer this question, students will start to wonder if spreading out sound causes the amplitude to decrease and if there is a way to scoop it back together.

[Z] Getting Ready: Materials Preparation

Materials for Each Student Preparation for Class
(5 min)

e Computer and headphones (1)

e Lesson 14 - Student Activity e Posta digital version of
Sheets the Lesson 14 Reading for

o Lesson 14 - Information from students, so that they can
the Experts (1) (see click on the links in the
preparation notes) reading and access the

e Reading 14 - Animal Hearing videos in that resource to
and Hearing Loss view themselves.

e Alternate Reading 14:
https://www.learner.org/jnort
h/tm/hwhale/SingingHumpbac

Materials for the Whole Class

Web link to animated diagram:

http://www.neuroreille.com/promenade/english /ear/fear.htm

3 videos to play:

o Video 1: https://www.youtube.com /watch?v=ilbaq15t1L0

o Video 2: Lesson 14 - Video 2-Cochlear Animation with
Narration.mp4

o Video 3:
https://www.youtube.com/watch?v=MGj-cdn2M90

k.html
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<> Getting Ready: Teacher Preparation

Background Knowledge for the Teacher Only Linking our Understanding to
Scientific Terminology

There are lots of options for having student synthesize the information they gather across the latter two steps of

this lesson. The target NGSS performance expectation that this activity is designed to partially address is e Eardrum
MS-LS1-8: “Gather and synthesize information that sensory receptors respond to stimuli by sending messages to e Cochlea
the brain ...” Because the science practice for this PE is to gather and synthesize information, feel free to e Basilar membrane
structure this assignment in a way that suits your needs: as individuals, partners, small groups, or as a whole e Stereocilia
class. e Sensory cells

e Nerve cells
This lesson ends with suggestions for how to build coherence to Lesson 15. Lesson 15 is optional and is a e Brain
mathematics intensive lesson. It requires familiarity with Common Core Mathematics Standards related to linear e Vibrations

vs. nonlinear relationships that are at the seventh and eighth grade level. It provides an opportunity for students
to investigate the relationship between amplitude, frequency, and energy transferred by waves in the context of
sound. During this investigation, students discover a linear relationship between frequency and energy and an
exponential relationship between amplitude and energy.
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24

Learning Plan: What is going on inside my ear B S Teacher Supports & Notes
|

that can explain how we can detect certain (40-45 min)
sounds?

1. (4 min) Start off the lesson by asking students
which three parts of the consensus model we :
developed over the last lessons and which parts of | (- T crem, ahel <The $oun) Source
the model we still have more questions about. Mo del

V')JMLQ KINPR

Mak
Suggested Prompts: g:::je Dekechr . :wf> mjf:i:( c (1f
-> When we look at our consensus model and _/_> ‘ l ) vibrake
think about the three parts—the source, the 2 l wt’, hear H\L Sova)

T\m(’ PmrLd(’g

medium, and the detector or sensor—where F
have we made the most progress? ~ ey \»w,, @ Wy ;m by So ing
n

W}lle're do we §t111 have questions on our egmf o faside My gar?2?
Driving Question Board that we have to =
answer? (If any new questions were added to

the DQB, review the new questions that arose as well.)

& Alternate Activity

At the beginning of the Student
Activity Sheet, direct students to draw and
label a model that helps explain what is
going on inside the human ear that allows
2. (3-5 min) Shift to framing questions about what might be going on inside our ears that allows it to detect different sounds.

them to detect sounds. H

Listen for student responses such as:

= We have questions about how sounds are sensed or detected.

You could have students draw their models
Suggested Prompt: (3 min) and share them out (2 min) to
=> What happens when these particle compression waves reach our ears? What do you picture is motivate this step.
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going on inside our ears that allows them to detect different sounds?

Listen for student responses such as:

=> [think there is something called an eardrum in our ears. Maybe it vibrates too.
= ['ve heard you can damage your eardrum.
= [don’t know what is going on inside of ears for sure.

3. (3 min) Ask students to turn and talk with a partner for a minute about how we might

investigate these questions (or gather evidence to support some of the ideas we have). Then have
students share out their ideas.

Suggested Prompts:

=> So what we're really curious about now is how the detector (in this case, our ears) works. All of
our questions are related directly to the structure and function of the ear, so it makes sense to
start there.

=> When we look at the ear to try to figure out how that detector helps us hear sounds, what do we
want to look at? Where should we start?

Listen for student responses such as:

=> Maybe we need to look at the ear to see if it’s vibrating when we hear a sound.
= Maybe we should look for a video that shows what happens in our brain when we hear something.
=> We should look inside the ear to see what structures are inside.

= We need to look in the ear. We know that there’s an eardrum in there, and maybe that’s related to
how we hear.

Suggested Prompt:

=> Okay, now this is really exciting. It seems like you might already know a little bit about what’s
going on with our ears that lets us hear sound. So [ was gathering materials after our last class to
start trying to answer the questions we came up with, and I found a video that an ear, nose, and

Vs . These materials were developed through with support from the Gordon and Betty Moore Foundation to This work is licensed under a Creative Commons Attribution @ ®
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throat (ENT) doctor made. This will show us what she can see inside the ear when she does a

check-up. I think that will be a good place to start. Let’s watch the video and see where that leads
us.

4. (5 min) Play the Lesson 14 - Video 1 resource for the students.

Regroup for discussion. Ask students to share what they noticed during the video, and what
structure or structures they saw in there that reminds them of a similar structure we already saw
vibrate when sound reached it.

Listen for student responses such as:

- [saw the eardrum at the end—the eardrum has to be how we hear sound.
=> [ think the sound hits the eardrum and that’s how we detect sound.

Suggested Prompt:

> So there were a few interesting structures in there. One that you all mentioned before and are
now saying that the ENT also pointed out was the eardrum—that’s what we saw at the end of the
video when they got inside the ear. And we’ve seen that drum-like shaped surface vibrate when
bands of particle density change in the medium, or sound waves reach them. But we still haven’t
answered how that makes me detect or hear a sound. And we can’t see anything else in the ear
behind the eardrum. So who or what could we consult to get more information about what goes
on inside our ears even if we can’t look directly behind the eardrum?

Listen for student responses such as:

=> Maybe we could find a video of the inside, or look on the internet for a diagram.
= We could talk to some doctors to see what they know about our ears.
= We could talk to a scientist who studies the body to see how it works.

Suggested Prompt:

7 i These materials were developed through with support from the Gordon and Betty Moore Foundation to This work is licensed under a Creative Commons Attribution ®
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=> Okay, [ was actually thinking the same thing—we would probably need some help from a
specialist here. I found an article from a specialist that might help.

5. (10 min) Give students time to read through Lesson 14 - Information from the Experts. They
should take notes on their reading in their Student Activity Sheets, as necessary. Allow students to
access the embedded videos and animations using individual computers and headphones, or you
could show them to the whole class.

6. (12-15 min) After reading, project the animation of the vibrations traveling in the inner ear, and
annotate the diagram together as a whole class (or in small groups) using the Student Activity
Sheets. Tell students that we will use this annotated diagram in place of our Incremental Model
Tracker sheets to keep track of our big ideas for this lesson. Tell students we will remove this
sheet and attach it to our Incremental Model Tracker sheets in a later lesson.

Suggested Prompts:

=> ['m going to project the animation of the inner ear. Who can talk us through how energy is
transferred from one structure to another through this system?

=> What structures behind the eardrum touch that membrane? If the eardrum vibrates, what would

that do to the structures behind it? After that, where would the energy in these vibrations get

transferred to next?

How can we hear different pitches at the same time?

What did you learn about hearing loss?

->
->
Listen for student responses such as:

=> When the eardrum vibrates, it transfers the vibration to the bones, which vibrate the fluid in the
cochlea. That sends the vibrations to the different areas of the basilar membrane, which makes the
hair cells vibrate and sends a signal to the brain.

Suggested Prompts:

A Differentiation Strategies and
Alternate Activities

There are lots of options for having
student synthesize the information they
gather across the next two steps.

The target NGSS performance expectation
that this activity is designed to partially
address is MS-LS1-8: “Gather and
synthesize information that sensory
receptors respond to stimuli by sending
messages to the brain...”

Because the science practice for this PE is
to gather and synthesize information, feel
free to structure this assignment in a way
that suits your needs: as individuals,
partners, small groups, or as a whole class.

The remainder of this step outlines the
option for doing a whole class discussion
and joint annotation around this diagram.
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=> Which parts of the basilar membrane vibrate in response to lower frequency vibrations?
=> Which parts vibrate in response to higher frequency vibrations?

=> So how can we hear many different pitches at the same time?

=> How is all of this related to what you figured out about hearing loss?

Listen for student responses such as:

=> There are different areas of the cochlea that detect different pitches—so we can hear a high pitch
sound at the same time as a low pitch sound—because the basilar membrane has a different area
for each sound.

=> Hearing loss can be caused when the structures in the inner ear are damaged. This can be caused by
sounds with a high volume (amplitude) or a high pitch (frequency) over a long period of time. It can
also be caused by old age.

Suggested Prompt:
-> Considering what we’ve learned about volume (amplitude) and pitch (frequency) and what we've

just read about how our hearing can be damaged, who can share an experience they’ve had with
either an extremely loud sound, or an extremely high pitch sound that hurt or seemed to affect
how your ears functioned afterward?

Listen for student responses such as:

=> [ was at a concert and the music was really loud. Afterwards I could barely hear for a day.
=> Whenever the fire alarm in the school goes off, my ears ring afterwards.
=> My friend has a ringtone that has a really high pitch, and it makes my ears ring.

Suggested Prompt:
=> Okay, so maybe there’s something to this. We learned from the reading and we know from our

own experience that sounds with a great amplitude can cause hearing damage. We also know that
sounds with a high frequency can cause hearing damage. That is interesting—waves of larger
amplitude and waves of higher frequencies can cause more damage than waves of smaller
amplitude and lower frequencies. ! What new questions do we have about these ideas?

Differentiation Strategies and
Alternate Activities

.

The line of questioning surrounding
whether differences in amplitude or
frequency of sounds has anything to do
with hearing loss will be partially
answered in the reading. If you are
planning on doing the optional Lesson 15
with students, then you will want to
foreground the need to investigate some of
these questions further in class and some
of it through the reading that you will
assign tonight.
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Listen for student responses such as:

=> (an loud sounds make you go deaf?
=> Do high pitch ringing sounds make your ears ring? Additional Guidance
= What does more damage—higher volume or higher pitch?

Suggested Prompt: m You can use student responses to the

=> These are very interesting questions related to many that we have on our DQB. This is a great prompts in the reading about hearing loss
opportunity to apply what we’ve been learning. When we get together again, let’s dive into these to motivate the Lesson 15 question at the
questions related to damage and how they relate to amplitude and to frequency. [if Let’s think start of that lesson: What transfers more
about how we might figure out what transfers more energy—waves with greater amplitude or energy—waves with greater amplitude or
waves with greater frequency. waves with greater frequency?

7. (2 min) Pass out the Lesson 14 Reading - Animal Hearing and Hearing Loss E H, asking students K‘\ Differentiation Strategies and
if they think other animals can hear the same pitch sounds that we can. Then ask students to turn Alternate Activities
and talk briefly with a partner about how the hearing of elephants, dogs, and humans compares to

. . E An additional reading on how
one another based on the graphic at the top of the reading.

humpback whales produce and hear
sounds is provided to use as a
differentiation option.

Tell students that they will figure out more regarding how the hearing of different animals
compares to one another. They will also find information in this home-learning reading
assignment for tonight about apps to download to test their own hearing and the hearing of adults
in their family.
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M Alignment With Standards

Building Toward Target NGSS PE

1-PS4-1. Plan and conduct investigations to provide evidence that vibrating materials can make sound and that sound can make materials
vibrate. [Clarification Statement: Examples of vibrating materials that make sound could include tuning forks and plucking a stretched string.
Examples of how sound can make matter vibrate could include holding a piece of paper near a speaker making sound and holding an object

near a vibrating tuning fork.]

MS-PS4-1. Use mathematical representations to describe a simple model for waves that includes how the amplitude of a wave is related to the
energy in a wave. [Clarification Statement: Emphasis is on describing waves with both qualitative and quantitative thinking.]

MS-PS4-2. Develop and use a model to describe that waves are reflected, absorbed, or transmitted through various materials. [Clarification
Statement: Emphasis is on both light and mechanical waves. Examples of models could include drawings, simulations, and written

descriptions.]

MS-PS3-5. (Partial) Construct, use, and present arguments to support the claim that when the kinetic energy of an object changes, energy is
transferred to or from the object. [Clarification Statement: Examples of empirical evidence used in arguments could include an inventory or
other representation of the energy before and after the transfer in the form of temperature changes or motion of object.]

MS-LS1-8. (Partial) Gather and synthesize information that sensory receptors respond to stimuli by sending messages to the brain for
immediate behavior or storage as memories. [Assessment Boundary: Assessment does not include mechanisms for the transmission of this

information.]

p i These materials were developed through with support from the Gordon and Betty Moore Foundation to This work is licensed under a Creative Commons Attribution @ ®
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Previous Lesson...Where we have been: This lesson marked the start of Bend 3. Students had unanswered questions how our ears detect sounds. After watching a video tour through the human ear and reading
some information, they reconstructed the pathway that energy is transferred through the ear to the nerve cells that send send signals to the brain, and they also gathered information about what causes hearing
loss through an out-of-class reading.

<3

This Lesson...What we are doing now: Students plan an investigation to answer the question: What transfers more energy to an object—doubling the amplitude or doubling the frequency of a
sound wave? Then students take the results of their investigations to develop a mathematical model to argue that the amount of energy in a wave is directly proportional to the frequency, and the
Q| amount of energy in a wave is proportional to the square of the amplitude.

transfers more
energy—waves of
bigger amplitude
or waves of
greater
frequency?

2 periods:
(40 min each)

&

used to simulate
vibrations from a sound
source, marble(s) used
to simulate particles in
the medium, and a
marker used as a target
for the vibrations to
push against provide
evidence of energy
transfer to the marker
(sled) based on how far
the sled is pushed
across the table.

Plan and Carry Out an
Investigation: Identify
what tools are needed to
do the gathering, how
measurements will be
recorded, and how much
data are needed to
determine what transfers
more energy—waves
with greater amplitude or
waves with greater
frequency.

Use Mathematical and

Lesson Phenomena Lesson Performance What We Figured Out (CCCs & DCls), New Questions and Next Steps
Question Expectation(s)
L15: What A bamboo skewer stick

We saw that stereocilia get knocked over when damaged. We learned in the previous reading that louder or higher frequency sounds can
be more damaging. We gave examples of when we have seen waves knock stuff over. One example we gave was sandcastles at the beach.
We argued that more frequent waves or higher amplitude waves would certainly transfer more energy to the sandcastles to wash them
away more quickly. This led us to wonder: What transfers more energy to things like sandcastles at the beach—waves that come at a
higher frequency (more often) or waves that come at a higher amplitude (bigger waves).

We argued that there is a similar question related to our compression wave model:

. Louder sounds are produced by sound sources that deform with a bigger amplitude in pressure, so if they deform more, they
are going to squash more particles closer together. Therefore the sound waves would have higher particle density in their band
peaks, which would lead to harder pushes on the eardrum, which would transfer more energy.

. Higher frequency sounds are produced by sound sources that deform back and forth a greater number of times in a given time
period. There would be more sound waves generated, and each sound wave would push on the eardrum, which would transfer
more energy because of more pushes.

But this raised a question: What would transfer more energy to our eardrum or to the storefront window—doubling the amplitude of a

o Computational Thinking: | sound wave or doubling the frequency? We made some predictions and had different ideas.
Apply mathematical
concepts and processes We identified parts of the system that we wanted to include from our previous models as well as a way to measure the energy transferred
Building to scientific questions to an object. This included:
toward about what transfers . a sound source that we can pull back a different amount each time (to simulate creating different amplitude waves);
‘ more energy—waves . a medium of particles we can transfer the energy into; and
NGSS PEs: with greater amplitude or (] a device to absorb the energy transfer and measure it.
1-PS4-1 waves with greater ] ] - . ) )
4-PS4-1 We mapped these elements to the objects in the experimental setup that the teacher provided. We began by trying out the device to see
MS-PS4-1 frequency. how we could pull the stick back and launch a marble to represent a single back-and-forth vibration of the sound source pushing on the
MS-PS4-2 particles in the medium and to see the effects on how far the marker (sled) is pushed. We tried it three times to see how reliable the
MS-LS1-8 results were from one trial to the next. Based on these results, we argued that we should try to do three to five trials for each level we test
in each investigation.
y v A These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @
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As a class, we planned how we could use this device to conduct the first investigation on the effects of more compression waves in a given
time period.

We collected data from our first investigation, calculated averages, compared our results, and noticed some patterns:
. Doubling the number of waves produced in a time period pushes the sled about twice as far.
e  Tripling the number of waves produced in a time period pushes the sled about 3 times as far.
. Quadrupling the number of waves produced in a time period pushes the sled about 4 times as far.

We argued that this makes sense. Because each wave in the series has the same frequency, it would transfer the same amount of energy,
and this relationship should be directly proportional. We then made predictions regarding whether the same relationship would hold true
for doubling, tripling, or quadrupling the amplitude of the wave we produced.

We modified our procedure to conduct this second investigation. After we collected our data and made our calculations, we noticed some
patterns:

. Doubling the amplitude of waves produced pushes the sled about 4 times as far.

®  Tripling the amplitude of waves produced pushes the sled about 9 times as far.

. Quadrupling the amplitude of waves produced pushes the sled about 16 times as far.

We developed a mathematical model to argue that the amount of energy in a wave is directly proportional to the frequency of the wave,
and the amount of energy in a wave is related to the square of the amplitude of the wave.

In our home-learning for Lesson 15, we have figured out:
o  how hearing works in general (L14);
. how other creatures hear different things than we do (L14 home-learning); and
. how energy transfer from louder and higher frequency sounds can lead to hearing loss (L15).

We also know that when there’s been damage to certain portions of the cochlea, the structures in that region can no longer convert
movement energy to electrical energy (impulses) in order to send signals along nerve cells to the brain. This damage leads to hearing loss.

Next steps: We are now wondering if things like hearing aids and microphones have similar structures and functions as a working ear.
We want to investigate that during our home-learning.

Next Lesson...Where we are going: Students will collect data about the patterns they find when standing at different points around a sound source. You will guide your students to draw a model to represent
their findings as a class. The model will raise an issue to resolve: How can we use our model to explain why the sounds are getting quieter and the amplitude is decreasing? Revisions to the model will raise new
questions about whether there a way to scoop it (the sound energy) back together.

/7 A These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @ @
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[Z] Getting Ready: Materials Preparation

Materials for Each Student

Materials Preparation (60 min)

Lesson 15 - Student Activity Sheets
Calculator

Materials for the Whole Class

Use one of the student setups to
demonstrate the equipment.

Lesson 15 - PI class results to project OR
poster paper and markers to remake this
same table

Materials for Each Group

Timer (or wall clock to reference)

2 wooden meter sticks taped down to the
lab table with duct tape or packing tape

1 wooden block with a plastic ruler taped
to it

1 C-clamp to clamp down the wooden block

Four % in. (1.6 cm) diameter glass marbles
A marker that is a smooth cylinder (see
photo to the right) that is % in. (1.6 cm)
diameter

Duct tape a plastic ruler to a wooden block so that when you
lay the block on a table, the bottom of the plastic ruler is just
higher than the thickness of a wooden meter stick. Make
sure you can pull the end of the plastic ruler back 4 cm and
release it, and it vibrates without the tape coming off the
wooden block and getting loose.

Clamp the wooden block to the table (see image to the right).
Place 2 wooden
meter sticks parallel
to each other with
abouta 1.9 cm gap
between them and
slide them just under
the end of the plastic
ruler, so that the
ruler is lined up over
the 10 cm mark on
the farthest ruler.
Tape the rulers to the table. Make sure that the marker and
marbles can travel between the two rulers without getting stuck.
Adjust the spacing on the ruler if you find that they aren’t
parallel or the marker and marbles don’t have room to move.
Test the demonstration you will do at this station (see Step 2 in
the Learning Plan).

Repeat this process to build one station for every group of three
students.

L 8L Lot gp gy g
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<D Getting Ready: Teacher Preparation

Background Knowledge for the Teacher Linking Our
Understanding to

: . L : Scientific Terminolo
In grade 6, Common Core Mathematics standards have students giving quantitative measures of center (median and/or 8y

mean) and variability (interquartile range and/or mean absolute deviation) for data sets, as well as describing any overall
pattern and any striking deviations from the overall pattern with reference to the context in which the data were gathered.

e Directly proportional
. : o . . e Mean
Students will use methods for calculating mean and/or median in this lesson. Some students may need a review of how to e Median
calculate these. Consider asking elbow partners to demonstrate to you a sample data set of numbers. e Outlier
. . . . . . . . e Energy transfer
Directly proportional refers to linear relationships that increase at a constant rate and have a y-intercept of zero. This is an e Independent
idea developed in Common Core Mathematics Standards in grade 6: variables

e For example, if you are paid an hourly wage, how much you earn is directly proportional to how many hours you o Digpenderitvarlles

work.
e I[fyou drive at a constant speed, how far you travel (distance) is directly proportional to the length of time you have
been driving.

You will help students gather evidence for why energy transfer from waves is directly proportional to the frequency of the
wave, but that the energy transfer from waves is not proportional to the amplitude of the wave.

The data in this investigation may come close to, but not exactly matching, the theoretical relationship between amplitude
and energy of a wave. (Energy is related to amplitude squared.) Students use their simple mathematical wave models to
identify patterns, including that the energy of the wave is proportional to the square of the amplitude (e.g., if the height of a
water wave is doubled, each wave will have 4 times the energy). This mathematical relationship is part of what is targeted
in the evidence statements for MS-PS4-1. This non-proportional relationship appears to be one that isn’t targeted in the
Common Core Mathematics standards until grade 8: Describe qualitatively the functional relationship between two quantities
by analyzing a graph (e.g., where the function is increasing or decreasing, linear or nonlinear). For this reason, you may want
to treat this lesson as optional in classrooms that are at grade 6 or grade 7.

/ v ) These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @ @
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&' 4 Learning Plan: What transfers more Al il 58 € Teacher Supports & Notes
) energy—waves of bigger amplitude or waves of (40 min each)
greater frequency?

1. (7 min) Summarize two ideas from a prior lesson and reading, “In a previous lesson we learned
from an ENT doctor that stereocilia in a person’s inner ear can get damaged by being knocked
over. And in one of our readings, we found out that louder sounds are more damaging than quieter

sounds and that higher frequency sounds are more damaging than lower frequency sounds.” Strategies for the Sharing Initial
Ideas Discussion

Have students turn and talk with a partner about Q1 and Q2 on their Student Activity Sheets.
After a couple minutes, have a few students share out the ideas they talked about with their
partners.

Encourage students to use ideas
related to what is happening to the
particles in the medium in each case and
Listen for student responses such as: how that would relate to the amount of

energy transferred in each case.
= Louder sounds are produced by sound sources that deform with a greater amplitude in pressure, so if

they deform more, they are going to squash more particles closer together. Therefore the sound
waves would have higher particle density in their band peaks, which would lead to harder pushes on
the eardrum, which would transfer more energy.

Higher frequency sounds are produced by sound sources that deform back and forth a greater
number of times in a given time period. There would be more sound waves generated, and each sound
wave would push on the eardrum, which would transfer more energy due to more pushes.

Then have students independently complete their predictions in Q3.

2. (8 min) Have students bring their Student Activity Sheets with them to a lab station. Introduce
the setup they will be using today to explore Q3 further. Have students point to each of the three
columns on their table in Q4 as you point to the corresponding part of the consensus model to
emphasize that we know we are going to need to include a representation of a vibrating source, a

G 2 . These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution e @
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medium, and an object to transfer the energy to in order to investigate this question.

Show students the plastic ruler taped to the wooden block. Pluck the end of the ruler.

Suggested Prompt:
=> Does this object vibrate when we pull it back and release it?

Listen for student responses such as:

= Yes

Tell students that we will pull back the stick and release it to
simulate a sound source producing a vibration. In order to
simulate the production of a sound wave, we also need particles
surrounding the sound source. Introduce the following setup and
then ask students to make some predictions: (a) four marbles with
one against the stick as you pull it back 1 cm, (b) the other three
marbles spaced out a bit (see photo to the right), and (c) add a
marker to the track.

Suggested Prompts:
=> What do you think we will see the marbles doing after the stick

is pulled back and released (with one marble against it)?
=> What will happen to the marker?

Accept all student responses.

Release the stick and ask students how what they observed in this demonstration compared to
what they saw the particles in the medium doing in the NetLogo computer simulation. Also ask
them what in this setup represents the medium and what represents the detector or sensor.
Repeat the demonstration.

Suggested Prompts:
=> How do the motion and interactions of marble particles in this setup compare to what we saw the

Ve . These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @
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microscopic particles in matter doing in the NetLogo computer simulation?
=> What represents the sound source in this setup? What represents the medium? What represents
the detector or sensor?

Listen for student responses such as:

=> Energy is transferred through particle collisions in both.

=> [In the simulation, the sound source moved back and forth and pushed on the particles in the

surrounding medium more than once. In this setup, it just springs back on the marble once.

In this setup, the particles don’t spring all the way back to their original position.

In this setup, the last particle in the series doesn’t have another particle to run into.

A band of high density particle packing propagates through the medium in both even though the

particles in between just move back and forth.

=> The ruler represents the sound source, the marbles represent the medium, and the marker represents
the detector or sensor.

iy

Help students reason out how the movement of the marker can help us measure how much energy
was transferred to it.

Suggested Prompts:
=> Did anyone notice how much the marker moved?

=> If we could transfer twice as much energy to the marker, what should we see happen to it
compared to what happened to it this time?
=> What would happen to the marker if we transferred 3 times as much energy to it?

Listen for student responses such as:

=> The marker would move twice as far if twice as much energy was transferred to it.
=> The marker would move 3 times as far if 3 times as much energy was transferred to it.

Emphasize that in order to figure out if twice as much energy was transferred to it, we would need
to measure the distance that the marker moved each time, which means we need to record where
it starts and where it ends. Tell students that the directions to both investigations will have them

y v A These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @ @
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line up the left side of the marker with the 20 cm mark on the meter stick, and that after recording
where it ends up, they will still have to calculate the difference. So for example, if it ends up at 23.5
cm, then it only moved 3.5 cm, because 23.5 minus 20 is 3.5.

3. (5 min) Have students record the following information in their tables in Q4.

A vibrating source A medium Something to transfer the energy into and
measure

A wooden stick we will pull back One of four marbles placed against | How far a marker is moved
and release the side of the stick, which will
collide with the other marbles

Remind students that, “In our predictions, we were wondering if changing the amplitude of a wave
or changing the frequency of the wave had a bigger effect on the energy it would transfer to an

object like our ears or the window (or even a sandcastle on a beach). And while it is easy to
visualize amplitude and frequency for something like a water wave, it is harder to visualize and
simulate that with sound waves, which are compression waves.”

Tell students that, “One limitation of our setup is that the marble doesn’t return all the way back to
touch the ruler again as it is vibrating like particles do in the medium. This means that we can’t get
more than one compression wave off of the ruler after we pull it back. And to simulate more than
one compression wave, we will have to manually pull it back and reload it multiple times to

simulate a repeated series of vibrations going into the medium.”
Supporting Students in Planning

Show students how to do this by placing the marble against the stick again and pulling it back and and Conducting Investigations
pretending to launch it again. Tell students that in order to simulate the production of three
compression waves, we have to repeat it yet another time, allowing the marker to be pushed
farther and farther with each wave. Have students complete the table below with you now and
record it on their Student Activity Sheets:ﬂ

E An opportunity exists here to use the
table to talk about independent vs.
dependent variables in the experiment.
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To simulate one wave per time period, we will pull the stick back 1
cm and launch the marble once in a 1 minute time period. To
simulate more frequent waves, we will relaunch the first marble
from the stick pulled back again, but more than once during the 1
minute period of time.

Investigation 1: How will you
use this setup to change the

frequency (number per time
period) of a compression wave?

To simulate this, we will pull the stick back 1 cm and launch the
marble once during the 1 minute time period. To simulate
producing waves of greater amplitude, we will pull the stick back
farther for each new test (2 cm, 3 cm).

Investigation 2: How will you
use this setup to change the

amplitude of a compression
wave?

Show students how to pull the stick back 2 cm by pulling it back from a starting position of 10 cm
to a launching position of 8 cm (a difference of 2 cm).

4. (20 min) Tell students, “You will work in groups of three. Everyone should wear goggles the
entire time you are at your stations. You will need one person to make sure the base of the plastic
ruler stays in place and hold it in place if it is slipping, another person to make sure the marble is
lined up against the ruler as it is pulled back, and a third person to pull the ruler back. When you
have collected all your data, you may return to your seats.”

Remind students to check off each step in their procedure as they complete it. They should bring a
calculator with them, because they need to calculate some things after Investigations 1 and 2. We
will share out these calculations as a class next time we meet.

Have students complete Investigations 1 and 2 in groups of three.

Day 2

5. (10 min) Project the PI table on the board or build a version of this on poster paper. | Tell
students that we will use this table to organize everyone’s results from the investigations we did
yesterday. Read the headings of the first three columns. Point out that these will be the results of

Additional Guidance

The advantage of using poster paper
is that it generates an artifact to post in the
room to keep as a reference point and
historical artifact to refer to in later
lessons. Building the summary table on
poster paper also lends itself to meeting in
a Scientists Circle as students report out.
Scientists Circles are a good recurring
format for meeting after an investigation to
report out group discoveries. It helps
reinforce the message that this
sense-making is a group effort and that
progress of the group hinges on
contributions of all group members.
Reporting out results from an investigation
is a low risk way of contributing to this.

The advantage of using a google sheet
instead is speed of calculation.
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the calculations they did in Q6, Q7, and Q8 from the first investigation. Then read the headings of
the next three columns of the table. These are the results of the calculations they did in Q9, Q10,

and Q11. Ask one or two students

from each group to report out the group’s numbers and record

them on the chart. Remind the rest of the students to look for patterns as the numbers are posted,
as well as any outliers that might indicate a possible source of error in that particular trial.

6. (5 min) Once all the numbers are posted, discuss ways we might describe what a typical value is
for each column.

Suggested Prompts:

N
>
N

->
->

How could we find a typical value for each column?

[s there an advantage to finding a mean vs. a median for each column?

Are there any values that look like they are extreme outliers? How should we identify those?
Should we include them in our calculation of a mean or median?

Why is it important for scientists to try to identify outliers in their data?

Why is it important for scientists to keep a record of their outliers, even if they have a reason to
believe they might be due to a source of error in their investigation?

Listen for student responses such as:

-

->
->
->

2

We could look for a mean or median.

We could put an asterisk next to any numbers that look like they might be outliers.

We don’t have to include the outliers in our calculation of the mean or median.

It’s important to keep a record of the outliers in case the outliers are actually the more accurate
results, and the other more common values are due to a more common source of error.

Identifying possible sources of error are useful results too. It helps us identify a need to redesign the
equipment, procedure, or to gather more data before drawing conclusions about patterns in the data.

7. (10 min) Have students work with the group members they are sitting with to calculate one of
these measures of center (median or mean) for each column of data and summarize the patterns

Additional Guidance

Have group members sit next to each
other. You may want to give 1 minute for
groups to coordinate the following three
roles: one member to double check all
members’ calculations; one member to
report out the results for Q6, Q7, and Q8;
and another to report out the results for
Q9, Q10, and Q11. This helps ensure that
everyone has a role in contributing to this
class data consolidation.

Alternately, you could have students add
this data to a class google sheet.

w Supporting Students in Using
Mathematical and Computational

Thinking

In grade 6, Common Core Mathematics
standards students give quantitative
measures of center (median and/or mean)
and variability (interquartile range and/or
mean absolute deviation) for data sets, as
well as describing any overall pattern and
any striking deviations from the overall
pattern. Question 12 is a natural place to
ask students to use these mathematical
tools to draw conclusions related to this
data set, but make sure to frame and
motivate the need to use something like
median or mean first before having groups

(@\v nextgenstorylines.org
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they notice through doing these calculations. One way to jigsaw this work in each group is
described in the teacher support box to the right.

8. (10 min) In this consensus building discussion, have volunteers share out some of their
discoveries from Q12.

Listen for student responses such as:

=> Increasing the frequency of the waves, increases the amount of energy transferred.

= Every additional wave of the same amplitude seems to transfer about the same amount of energy,
which makes sense.

=> Two times as many waves in a time period (doubling the frequency) seems to double the amount of

energy transferred; 3 times as many waves seems to triple the energy transferred.

Increasing the amplitude of the waves, increases the amount of energy transferred.

But doubling or tripling the amplitude has a much bigger effect on increasing the amount of energy

transferred than doubling or tripling the frequency.

-
-

Summarize the students’ discoveries on a “What We Figured Out” chart. Have students record a
copy of these discoveries in their Incremental Model Tracker.

=> Increasing the amplitude or the frequency of a wave increases the amount of energy it can
transfer.

=> The energy of a wave seems to be directly proportional | to its frequency (2 times as many
waves in a time period — 2 times as much energy transferred in that time period, 3 times as
many waves a time period — 3 times as much energy transferred in that time period).

=> The energy of a wave does not seem to be directly proportional to its amplitude (2 times the
amplitude— 4 times as much energy transferred in that time period, 3 times as many waves
a time period — 9 times as much energy transferred in that time period).

=> Amplitude increases had a much bigger effect than did frequency increases. Doubling
amplitude does more than doubling frequency.

y ‘o A These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @ @
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work on Q12 in this discussion.

#ﬁ Supporting Students in Using
Mathematical and Computational

Thinking

A copy of the Class Results table is
provided for students. It is not
recommended that students copy the
whole table. Instead you could have each
group member copy two of the columns to
do calculations on. For example, one
member copies and calculates the mean of
the values in the column for Q6 and the
mean of the values in the column for Q9.
Another student copies and calculates this
for the columns for Q7 and Q10. And the
third student calculates this for the
columns for Q8 and Q11. Then have
students in each group pool their findings
together and summarize them in Q12.

m Supporting Students in Using
Mathematical and Computational

Thinking

In grade 6 CCMS, students will learn to
identify relationships that are proportional.
In later grades (seventh and eighth), they
work with data that has non-proportional
relationships such as: area vs. length of a
square, and volume vs. length of a side of
cube. If your students have had these
experiences AND the data comes out with a
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clear pattern where 2 times the amplitude
= 4 times the energy, 3 times the amplitude
. . ] . ] =9 times the energy, and 4 times the

9. (5 min) Question 14 provides three sub-questions that are a good opportunity to connect the

. : . ) amplitude = 16 times the energy, it may be
discoveries of this lesson back to sound-related phenomena as well as formatively assess student
understanding. ﬂ

useful trying to describe that relationship
(energy is related to amplitude squared).

@ Formative Assessment

F — Opportunities

You may want to assign these
questions as an individual exit slip for
students to complete back at their seats
before leaving today.

. These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern
nextgenstorylines.org
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M Alignment With Standards

Building Toward Target NGSS PE Building Toward Common Core Building Toward Common Core

C@\v nextgenstorylines.org

1-PS4-1. Plan and conduct investigations to
provide evidence that vibrating materials can
make sound and that sound can make materials
vibrate.

4-PS4-1. Develop a model of waves to describe
patterns in terms of amplitude and wavelength

and that waves can cause objects to move.

MS-PS4-1. Use mathematical representations to

Standards Mathematics

CCSS.MATH.CONTENT.6.SP.B.5.B
Describing the nature of the
attribute under investigation,
including how it was measured
and its units of measurement.

CCSS.MATH.CONTENT.6.SP.B.5.C
Giving quantitative measures of
center (median and/or mean) and
variability (interquartile range

Standards ELA

Comprehension and Collaboration:
CCSS.ELA-LITERACY.SL.6.1

Engage effectively in a range of
collaborative discussions (one-on-one, in
groups, and teacher-led) with diverse
partners on grade 6 topics, texts, and
issues, building on others' ideas and
expressing their own clearly.

describe a simple model for waves that includes e (CCSS.ELA-LITERACY.SL.6.1.B

how the amplitude of a wave is related to the and/or mean absolute deviation), Follow rules for collegial

energy in a wave. as well as describing any overall discussions, set specific goals and
pattern and any striking deviations deadlines, and define individual

MS-PS4-2. Develop and use a model to describe from the overall pattern with roles as needed.

that waves are reflected, absorbed, or reference to the context in which

transmitted through various materials. the data were gathered. e CCSS.ELA-LITERACY.SL.6.1.C Pose

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

These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern
University and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern University
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and respond to specific questions
with elaboration and detail by
making comments that contribute
to the topic, text, or issue under
discussion.
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Previous Lesson...Where we have been: Students planned an investigation to answer the question: What transfers more energy to an object, doubling the amplitude or doubling the frequency of a sound wave?
Then students developed a mathematical model from the results of that investigation to argue that the amount of energy in a wave is directly proportional to the frequency, and the amount of energy in a wave is
proportional to the square of the amplitude.

3!

This Lesson...What we are doing now: Students collect data about the patterns they find when standing at different points around a sound source. You will guide your students to draw a model
to represent their findings as a class. The model has an issue to resolve: How can we use our model to explain why the sounds are getting quieter and the amplitude is decreasing? We revise our
9, | models to answer this question. This makes us start to wonder if spreading out sound causes the amplitude to decrease, is there a way to scoop it back together?

(40 min each)

Option B:

1.5 periods:
(45 min + 15 min)

(53

%

Building
toward

4

NGSS PEs:
1-PS4-1
4-PS4-1
5-PS1-1

MS-PS4-1

computer or phone
playing a tone via an
online tone generator.)

(optional) Dropping a
single marble into a
tightly packed cluster of
marbles shows how
collisions spread
outward from a single
point over a greater
number of particles
(marbles) so that
particles near the edge
get pushed barely at all
compared to marbles

near the point of impact.

sound source affects the
amplitude and frequency
of a sound detected at a

microphone.

Develop and use a model
to show the relationships
among variables (patterns
of particle density and
energy/amplitude of a
sound wave) including
those that are not
observable but predict
observable phenomena.

Lesson Phenomena Lesson Performance What We Figured Out (CCCs & DCls), New Questions and Next Steps

Question Expectation(s)
L16: Why do Our ears (and a sound Plan and Carry Out an We checked our Driving Question Board and our initial patterns in the phenomena, and we realized we still had some questions about why
sounds get harder | detection app) provide Investigation identifying sounds seem louder the closer we are to the sound source. We decided we wanted to investigate this further. We collected data on this
to hear the evidence of whether the | what tools are needed to | using our ears with our eyes closed.
farther away they | volume and/or do the gathering, how
are from their frequency of a sound measurements will be We noticed some patterns:
source? changes based on how recorded, and how much e  The farther away we got from the sound source the quieter that sound got, but the tone/pitch didn’t seem to change. We then

far away from the sound | data are needed to verified this using a sound detection app.
Option A: source we are. (The determine patterns in . We could hear the sound in any direction from the sound source (and it seemed to remain the same volume) as long as we
2 periods: sound source is a how the distance from a stayed at the same distance from it.

. We could get far enough away from the sound source that we
couldn’t hear the sound anymore.

We developed a class model representing what we know from the
evidence:

. We know the sound travels in all directions, so the compression
bands in the medium must travel outward in all directions from
the sound source (we showed this with arrows and dark circular
bands).

®  This meant that the sound waves and energy radiate away from
a source (we showed this with arrows and dark circular bands).

e  The frequency of the wave wasn’t changing as we got farther
away from the sound source (we showed this by keeping the
dark circular bands equidistant from one another).

| oy each®

Ll

Cuibveding ‘Y S
muhe 3ags “f Lo

But we realized a limitation in our initial radiative model. It didn’t have a ok

way of representing that the amplitude of the wave is decreasing the LG )

farther away we got from the sound source. We thought this must be

C@\v nextgenstorylines.org

These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern
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MS-PS4-2 happening, because that is the only way to account for the decrease in volume with distance.
We revised our radiation model to represent this by showing a lighter and lighter semi-circle the farther we were from the sound source,
and this represented a compression band of less and less particle density (less amplitude). This represented what the matter was doing. We
also still included arrows showing the direction of the energy of the wave. We evaluated this model and summarized that
e asthe number of rays decreased in a given area, the amount of energy in that area decreased; and
o when we drew this and counted the number of rays in “squares” farther from the sound source, we realized there must be less sound
energy reaching each square farther away.

The amplitude of those waves got smaller the farther away they radiated from the sound source. We think that waves of lower amplitude
have lower energy, which is why the sounds became quieter the farther we were from their sources.

We revised our consensus model from Lesson 11 to simplify it a bit more:
. We represented the direction of energy transfer across the medium and how the amount of energy that reached a spot decreased
with distance by using rays (or arrows).
. We represented the amplitude changes as pressure bands that were becoming less dark (less dense) the farther away they radiated
from a sound source (but this seemed rather hard to draw, so we thought we might try sticking with the ray model more and only
come back to this other representation if we need it).

We thought back to our anchoring phenomenon of the record and needle, and ways to hear people talking from far away.

This led us to wonder:
° Does the orientation of our hands near our ears affect these waves?
®  Are there ways to channel or redirect the energy of a wave so that it doesn’t spread out as much?

Next steps: We think maybe certain barriers (like a cone) or your hand cupped a certain way can redirect waves, and we want to
investigate the idea that there may be different materials and different structures we could use to redirect, amplify, or dampen the
energy of waves.

Next Lesson...Where we are going: Students will design a device to channel sound using various shapes made with paper and tape. They will use their findings from testing this device to explain why some shapes
work better than others, arguing that sound bounces off walls of the object. They conduct an investigation to determine that sound waves bounce off objects with smooth surfaces at predictable angles.

7 A These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @ @
A\ nethenStOFy“neS.Org University and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern University 4.0 License hitp://creativecommons.org/licenses/by/4.0/ 7
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[5] Getting Ready: Materials Preparation Options to Two Different Lesson Options

Option A is a two period version of the lesson that requires each group of four students have two internet enabled computers:

o One computer with a speaker and web browser to produce a tone using this web page: http://www.szynalski.com/tone-generator/
e One computer with a microphone and web browser to detect the vibrations at the microphone using this web page:
https://academo.org/demos/virtual-oscilloscope/

If the software or computers are not working, or time is limited, then an abbreviated option B version of the learning plan is outlined in the second half of
this document. The steps of that learning plan will be on a pink background and have this symbol next to them: <>

Option B is a one and a half period lesson.

The materials for Option A and Option B are outlined separately below.

7 v . These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @ @
@ nether‘IStOI'y“nes.Org University and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern University 4.0 License mmmwﬂmmﬂm BY
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[5] Getting Ready: Materials Preparation for Option A

Materials for Each Group of 3-4 Students Materials for Each Student
e One computer with a speaker and web browser to produce a tone using this web e Lesson 16 - Student Activity Sheets (1)
page: http://www.szynalski.com/tone-generator/ e Cutout of index cards in 2.5 cm by 2.5 cm squares

e One computer with a microphone and web browser to detect the vibrations at the
microphone using this web page: https://academo.org/demos/virtual-oscilloscope/

e Protractor

e Measuring tape (If you don’t have a measuring tape, provide each group with: a 2
meter length of string, some pieces of masking tape, a marker, and a meter stick.)

Materials for every lab station = two groups at each lab station. Each group .
has 3-4 students (6-8 students total). Materials for Whole Class

o Show the Lesson 16 - Video tutorial - Using sound

® Place the two computers at each lab station, with each station widely dispersed
detection programs.

around the room (they should be 3+ meters from each other, so that
interference from neighboring computers is minimal—the more distance, the
better). Open the computer lid or screens up, so they are projecting the sound
they produce outward (the speaker is usually located at the hinge of where the
screen meets the base on a laptop). On an iPad or tablet it is on one edge of the
device). It is preferred that they are facing the outside of the room rather than
the inside to minimize interference between stations. You may need to use the
hallway for one setup.

e L16 - Using sound detection program video to play

e Poster paper and meter stick

e Square sticky notes or index cards cut into 5 cm by
5 cm squares

o Tape and markers

® Abox filled with a layer of marbles (optional)

y v A These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @ @
A\ nether‘IStOI’yhneS.Ol’g University and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern University 4.0 License hitp://creativecommons.org/licenses/by/4.0 By
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=] Getting Ready: Materials Preparation for Option B
Materials for Whole Class Materials for Each Student
e Show the Lesson 16 - Video tutorial - Using sound detection programs. ® Lesson 16 - Student Activity Sheets
e Cutout of index cards in 2.5 cm by 2.5 cm squares
® One computer with a speaker and web browser to produce a tone using this web
page: http://www.szynalski.com /tone-generator/
e Poster paper and meter stick
e Square sticky notes or index cards cut into 5 cm by 5 cm squares
e Tape and markers
e Abox filled with a layer of marbles (optional)
/7 A These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution
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<> Getting Ready: Teacher Preparation

Background Knowledge for the Teacher Only Alternative Student Conceptions
Radiation is often associated with light energy rather than sound energy or the Student may have developed a radiative model of light in fifth
energy in water waves. In physics, we often refers to the emission of energy as grade to explain why both size and distance of stars affects how
electromagnetic waves or as moving subatomic particles especially high-energy bright they seem to us.

particles that cause ionization.

In the broader sense, however, radiation refers to the emission and propagation of Linki Understanding to Scientific T inol
energy in the form of rays or waves from a point source. ez Uil e g W s il
The radiative properties of sound are analogous to the radiative properties of light.
But in the case of sound, there are also changes in the particle density across the
medium that correspond to these energy changes.

e Radiation
e Rays

When a sound of a given frequency radiates from a point source, its wavelength
(distance from one crest or peak in particle density to the next) doesn’t change as it
travels through the same medium it started in.

The oscilloscope wasn’t used in earlier lessons because an understanding of how
microphones work would have been needed to be convinced that they were
measuring the actual motion of a physical object. And even then the object whose
vibrations are being detected is at the sound detector, not at the sound source.

y ‘o A These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @ @
nether‘IStOI’yhneS.Ol’g University and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern University 4.0 License hitp://creativecommons.org/licenses/by/4.0 o
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&' 4« Option A Learning Plan: Why do sounds get 2 periods: > Teacher Supports & Notes
) harder to hear the farther away they are (40 min each)

from their source? (For labs/classrooms with

computer accessibility/compatibility for the sound
detection software)

Day 1

1. (5 min) Begin by revisiting the Driving Question Board (DQB) to motivate this lesson. Have
students gather around the board with their Student Activity Sheets.

Suggested Prompts:
=> In the last three lessons we’ve developed a very comprehensive answer regarding how our

hearing works. And we have figured out how sounds can be detected by other things like Q Strategies for this
microphones, as well as how they are recorded. Now that we’'ve figured out the phenomenon of Initial Ideas Discussion
hearing and how we detect sounds, let’s take stock of another area of questions on our DQB to see ¥ A quick individual stop and jot using
if there are other questions we need to answer. It looks like there were some questions related to the first box on the Student Activity Sheets,
how sounds change based on distance. (Highlight any related questions on the DQB.) followed by turn and talk with a partner is
Let’s recall some of the type of phenomena related to those questions. Take a minute to stop and a S_treamlin?d way to activate memories,
jot down on your Student Activity Sheets any experience you've had where the sound you sensed prior experiences, and related phenomena.
seemed to change when the distance you were from the sound source changed. H

Have students share their prior experience with a partner, emphasizing the things that change
about the sound and the things that stayed the same, using specific terms for describing sound.

Listen for student responses such as:

= [tdoesn’t really change, it just gets quieter—the amplitude decreases.

These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @

@ nethenStoryllneS.Ol'g University and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern University. 4.0 License http://creativecommons.org/licenses/by/4.0/
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=> The sounds are the same—the pitches or frequencies are the same.
=> Music or the TV sounds the same—the pitch or frequency is the same, but it’s just quieter—there’s a
decrease in amplitude.

Suggested Prompts:
=> During your partner talk I heard examples of when distance seems to affect the sounds you hear. A
lot of what [ heard you were saying was that the loudness of the sound is affected.
=> Have any of us ever actually tried to measure that to be sure? Do you think there is a way we could
prove that here in the classroom?

Ask students about how our computers could help us produce and detect sounds to investigate this
question.

=> How might we be able to use the microphones in our computer tablets to help us collect this data?

Listen for student responses such as:

= We could stand at different spots in the room and report how the sound is different. Additional Guidance
=> We could stand in different spots in the room and measure the sound to see if it’s different using a

device like an instrument tuner or an app on our phones. IE} Here is an opportunity to motivate

additional questions about how electronic
devices produce and detect sounds. You
can have students stop and jot additional
questions they have about related
phenomena on index cards to add to the

DQB. Have students note the date on the
app on a phone, tablet, or iPad because these all have a small microphone in them. H cards they formed these questions.

2. (5 min) Tell students that you have found some apps on the internet that produce graphs of the
vibrations that the computer microphone detects just like the motion sensor graphs that were
produced by the vibrating stick in a much earlier lesson. Explain to students that we can use the

Suggested Prompt:
=> The resources that [ have for you are http://www.szynalski.com/tone-generator/ and

/ . These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @
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https://academo.org/demos/virtual-oscilloscope/ The first one will produce sounds for us. The
second one will detect sounds for us.

Demonstrate the software for students using the sound software demonstration video.

Suggested Prompts:

=> How does this remind you of the wave model that we made in Lesson 57

=> What part of the graph represents the amplitude? What part represents the frequency?

-> Because we think that distance from a sound source affects how well a sound is heard, let’s collect
some evidence to support that claim. Turn to the first page of your Student Activity Sheets to make
some predictions as [ demonstrate the equipment that you will be using.

Tape a length of 2 meter string with a 0.75 meter position marked with a piece of tape and a letter
B on it to right in front of the speaker on a laptop. Hold the string all the way outward, and ask
students to make predictions in Q2 how the graph from the oscilloscope program will look if you
put the microphone at different distances, but keep the sound source volume turned up to the
highest volume. Don’t actually use the app to measure this. This is what the students will be doing
in lab.

Then ask students to make another set of predictions in Q3 about how the graph from the
oscilloscope program would compare if you kept the microphone at a constant distance, but
changed the angle of the string. Pull the end of the string in different directions, emphasizing that
you would keep the microphone at distance B each time. Don’t use the app to measure this.

3. (5 min) Ask a few students to share some predictions. Ask a few others to say how we could test
these predictions.

Emphasize that the procedure for testing each of the predictions is on the next two pages of the

Additional Guidance

Emphasize the graph is representing
the same sort of data on the same axis as
the motion detector did in previous
lessons. The y-axis is related to how much
the speaker has deformed the air particles
around it, and the x-axis is time.

Additional Guidance

Using a physical string to
demonstrate this helps student visualize
two important things: (a) how they will
control for distance and angle in the
investigation and (b) that lines and arrows
from the sound source to the detector
could help us picture which way the sound
energy is traveling (this will help prime
students to co-construct the ray-based
representations of sound energy radiating
away from the sound source in the
conclusion section of this lesson).

Differentiation Strategies
and Alternate Activities

.

These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern
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Student Activity Sheets. It is recommended that students get into groups of four. H Tell students,
“Before beginning the procedures, your groups will have to do the following things because once
we start collecting data other sounds may affect other groups’ results, so try to use hand signals
and whispers to coordinate your group work.

e Build a string with the distances marked on it using tape, a marker, and a ruler or meter
stick (this is only needed if you don’t have measuring tape).
e Coordinate with your team which person will be
o holding the string;
o recording the data;
o reading and checking off each step in the procedure (this is the same person who
needs to hold the protractor for the second part of the investigation); and
o holding or moving the computer with a microphone and running the app.
e Switch roles if time permits between changing distance and changing the angle.”

Have students complete the planning section and leave the ruler or meter stick behind before
going back to the lab stations. They should just take the string or measuring tape, a protractor, and

the computer/microphone with the app on it for their group back to their stations.

4. (15 min) While groups are working, prompt them to take note of important patterns that will
guide the coming conversations around the data collected.

Suggested Prompts:
=> What patterns are you noticing in the representation of the sound as you move around the source?
Closer? Further? Change position?
=> How does this remind you of the wave model that we made in Lesson 5? With that as your

reference, what conclusion can you draw about this pattern?
Which is the amplitude, and which is the frequency? Are they changing? How?

E If supplies, space, or time are limited,
you may choose to run the next two
investigations as a whole group. In this
case, use the teacher computer to project
the tone from onlinetonegenerator.com
and a teacher device to detect from
different areas of the room. If you do this,
involve multiple student volunteers to help.

Additional Guidance

E The computers will need to be situated
so that they’re not directing the sound in
only one direction. They will need to be as
open as possible.

And the computers should be 3+ meters
from each other, so that interference from
neighboring computers is minimal. More
distance is better. Even though the sound
source should be as open as possible, if
there is some shielding effect from
something like a laptop screen, then point
the speaker toward the outer edge of the
room rather than toward the center. Again,
this is to minimize interference with other
groups.

It is recommended that two groups of four
work with one sound source, each with
their own string and each with their own
tablet/iPad/Chromebook digital

/ . These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @
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oscilloscope. With eight students to a
station, this will allow you to keep the
number of sound sources relatively low
(e.g., four sound sources in your room for
32 students to use).

Tell students that we will plan to reconvene as a whole class to share the data collected as well as
to try to develop a model to explain the patterns in the data we noticed.

5. (5-7 min) Have a few students share the patterns in the data they noticed from each It is also recommended that you set a time
investigation. of no more than 10 minutes for students to

collect data from their stations and then
Suggested Prompts: turn off the sound sources, so they can

- What was the pattern you noticed in the graphs when you changed the distance from the sound return to their seats to summarize the
source to the microphone? patterns they noticed in the data and share

=> What was the pattern you noticed in the graphs when you changed the angle to the sound source, these out.
but not the distance that the microphone was from the sound source?
Listen for student responses such as:
= We noticed that the amplitude decreased the farther away we got from the sound source.
= We noticed that the frequency didn’t seem to change (or not very much) no matter where we went.
We noticed that the number of waves per time period (number of waves on the screen) didn’t
change in any of the conditions.
= We noticed that if we got too far away, we couldn’t get a reading.
=> We noticed that the amplitude didn’t really change much when the angle changed, but kept the
distance the same.
Frame the need to develop a model to explain these results.
Suggested Prompts:
=> So this really does seem to reflect our prior experience, doesn’t it? We said that we noticed in our
own lives that we think sounds get quieter, but don’t necessarily change their frequency, when we
ese materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern Thi kis li d und Ci ive Ci Attributi
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get far away.

How would we explain these interesting patterns in our data? We should see if we come up with a
way to think about what the waves are doing as they move away from the sound source that could
help us explain the two interesting patterns in our data: (a) why changing the distance causes
changes in the amplitude of the sound waves that are detected by the microphone; and (b) why
changing the angle, but keeping the distance from the sound source the same wouldn’t change the
amplitude of the sound waves that are detected by the microphone.

6. (3 min) Assign Q6 as home-learning and tell students that we will share out these models with
our groups at the start of the next class. We will see if we can use the ideas they developed in their
models to help us explain our results.

Day 2

7. (5 min) Emphasizing the goal of the model is to help explain what causes patterns (noted below
in the suggested prompts) in their results, ask students to take out their Student Activity Sheets
and share their models in Q6 with their lab group members.

Suggested Prompts:
=> Why does changing the distance cause changes in the amplitude of the sound waves that are

detected by the microphone?
=> Why would changing the angle, but keeping the distance from the sound source the same, not
change the amplitude of the sound waves that are detected by the microphone?

8. (20 min) Bring the class together to develop a consensus model to reflect the pattern in how the

Additional Guidance

. These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @ @
nethenStorylmeS-Org University and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern University. 4.0 License i I o
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sound data changed. Have them bring their Student Activity Sheets with them.

Suggested Prompts:
i A lot less densely packed
=> How can we develop a model using what we know peak 3

about how sound travels through a medium?
=> What might that look like? How would we show
) i G A little less densely b L
amplitude decreasing? l packed peak =
-> How can we include the density of the particles in our

. . . D I ked K %
model considering what we know about their scale? ensely packed peak g

Source
(Vibrating

- We need to make dark bands—Iots of particles el ;
together—for the peaks in the sound waves (and keep N
them the same wavelength apart). '

=> We need to show the bands going out from the middle

P
Listen for student responses such as: el 1‘

(source) like a rock in a pond. H

Suggested Prompts:
=> How can we show that amplitude is decreasing as it radiates outward?
=> Should the width of the band decrease, or should the darkness decrease? Which represents the
amplitude—how wide the band of particles is, or how many particles are packed into the band?

Listen for student responses such as:

=> The bands need to fade as they move farther and farther from the source.

=> The darkness of the bands represents the amplitude of the sound.

=> Just like in our screenshots, the width of the waves didn’t change. There was the same number each
time, but the intensity of the wave changes.

E Refer to the class’ models of the salt
and the drum to remind the class about
how we represented dense and less dense
particle bands in the medium.

Additional Guidance

m A supplemental resource of this
phenomenon in slow motion may help
provide evidence that amplitude is
decreasing as the wave radiates outward:
https://www.youtube.com/watch?v=6KKN
njFpGto

The tradeoff in using this phenomenon as
another related example of waves radiating
from a source is that water waves are
transverse waves (that vary in height up
and down), while sound waves are
pressure waves (that vary in particle
density across the medium). Students saw
transverse wave representations on the
digital oscilloscope—those are the
representations of the distance of a single
object (the cone of a microphone) vs. time.
The representation we are drawing now,
however, is at a fixed point in time (frozen)
across the distance in space.

An alternate representation (if needed)
that may be useful would be dropping a
single marble into a tightly packed cluster

Ve . These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @
nethenStOry“neS-org University and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern University. 4.0 License http://creativecommons.org/licenses/by/4.0/ @ —
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After working with students to develop a model that includes particle-dense compression waves, of marbles. This shows how collisions
update the model using rays to represent the flow spread outward from a_smgle pointovera
of sound energy through the system. (At this greater number of particles (marbles) so
. . . . . that particles near the edge get pushed

point you may want to simplify the differences in

icle band densitv as dark vs. lighter lines if barely at all compared to marbles near the
partlc-e an ty . - 118 ) point of impact. Keep in mind that neither
you wish.) Co-construct this model with students : of these supplemental phenomena may be
by building a version of it on poster paper as s v needed at this point.

students do the same on Q7 of their Student

Activity Sheets.l TP A e Additional Guidance

Suggested Prompts: p ) n If students have difficulty developing a
=> In addition to showing bands of particle ‘ ray model for sound energy, ask them to

density, why did we show an arrow in our k 4 think about what other energy sources
model in Lessons 13 and 14? What did that E : f radiate in the same way. Guide them to
show us? light as an example, and use this to simplify

If we had to pick one way of representing that the existing model.
the energy is spreading out as the sound

waves travel across the medium, what is an easier way to draw that—drawing changes in the \ /
bands of particle density in each band or drawing arrows?

—P—

Listen for student responses such as: / ? \
L 1

=> The arrows show us the direction the sound waves are traveling.
=> [t takes a long time to model all those bands radiating outwards. We could use arrows instead to

Have students add arrows to the lines on

show the energy moving out from the source. Q6 to show the direction that the sound
energy waves travel and the direction of
Help students see how we can use rays to visualize a decrease in amplitude. Pass out a 2.5 cm by energy transfer.
2.5 cm piece of index card to each student, and ask them to move it to different locations on their
model. Have them describe how many rays hit the square when they move it closer vs. farther from
@M nextgenstorylines.org Univeriy and uppert o he NS Froeet o ok Unversiy, Tiemark e Noresten Univrs 4.0 Licanse. b irsativecommans craficensesyisd . (RN
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the sound source. Ask them to describe the same thing when they move the square to two different
positions that are the same radius from the sound source (but make sure they tilt the edge of the
square so it is perpendicular to the rays reaching it). This correlates to the need to face the front of
the microphone toward the sound source. Demonstrate this with square sticky notes on the poster
you are making too.

9. (8 min) Press for understanding by asking students how we can use this representation of
arrows in the model to explain our observations.

Suggested Prompts:
=> What do the arrows help us see regarding the direction of energy transfer across a medium?

=> How do the arrows help us describe what is happening to the energy as it gets farther away from
the source?

=> How does comparing the number of arrows that reach one spot in space vs. another help us
describe differences in the amount of energy at those spots?

=> If one spot has 10 arrows that reach it, and another spot of the same size farther away has only
two that reach it, what does that tell us about how loud the sound is at each spot? What can we say
about the amplitude?

Listen for student responses such as:

=> The arrows show us which way the energy is being transferred across a medium.

=> They help show how it spreads out as it travels away from the sound source over more and more )
Formative Assessment

space. F — 3 Opportunities
=> Counting the number of arrows that reach a spot helps us see the amount of energy that reaches

different spots. This is related to differences in the amplitude of the wave that reaches that spot.
=> The number of arrows that hit the square doesn’t change when you move positions, but stays the

You may want to assign these
questions as individual exit slips for
students to complete back at their seats

same radius (distance) from the sound source. before leaving. If you do that, make sure to
y v A These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @
@ nether‘IStOI'y“neS.Ol’g University and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern University 4.0 License m&mmwﬂmﬂsﬁﬁmﬂl @ BY
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assign Next Steps as home-learning so that
the ideas they jot down for that section can
be shared out at the start of the next class
to build coherence into the next lesson.

Have students outline locations of the square (using the index card cutout you gave them) on their
paper that helps them visualize why sounds get quieter the farther away from the sound source we
get, but the sounds don’t get quieter if we remain at the same distance and at a different angle.

If time permits have students answer Q8. If not, assign this as home-learning.

10. (7 min) Have students discuss their ideas for the Next Steps questions with a partner. Then
after a couple minutes of discussion, have students share out their ideas.

Listen for student responses such as:

=> Ifyou cup your ear with your hand, that can help you hear a sound better. Maybe you can hold a
cone near your ear to help you hear better.

=> Next time we should try and build cones or other things to see if they can help us hear better or
amplify sound coming from a sound source.

Jot down their ideas about how we might investigate these questions and ideas further, so we can
continue with our current thinking at the start of the next lesson.

&' «  QOption B Learning Plan: Why do sounds 1.5 periods: ¢ Teacher Supports & Notes
get harder to hear the farther away they (45 min +15 min)
are from their source? (For labs/classrooms

. These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @ ®
nextgenstoryllnes.org University and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern University. 4.0 License http://creativecommons.org/licenses/by/4.0/ =
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with limited computer accessibility/compatibility)

Day 1

<> 1. (5 min) Begin by revisiting the Driving Question Board (DQB) to motivate this lesson. Have
students gather around the board with their Student Activity Sheets.

Suggested Prompts:
=> In the last three lessons we’ve developed a very comprehensive answer regarding how our

hearing works. And we have figured out how sounds can be detected by other things like
microphones, as well as how they are recorded. Now that we've figured out the phenomenon of
hearing and how we detect sounds, let’s take stock of another area of questions on our DQB to see
if there are other questions we need to answer. It looks like there were some questions related to
how sounds change based on distance. (Highlight any related questions on the DQB.)
Let’s recall some of the type of phenomena related to those questions. Take a minute to stop and
jot down on your Student Activity Sheets any experience you've had where the sound you sensed
seemed to change when the distance you were from the sound source changed. H

Have students share their prior experience with a partner, emphasizing the things that change
about the sound and the things that stayed the same, using specific terms for describing sound.

Listen for student responses such as:

= [tdoesn’t really change, it just gets quieter—the amplitude decreases.
=> The sounds are the same—the pitches or frequencies are the same.

=> Music or the TV sounds the same—the pitch or frequency is the same, but it’s just quieter—there’s a
decrease in amplitude.

Suggested Prompts:
=> So I heard, in your partner talk, examples of when distance seems to affect the sounds you hear. A

Q Strategies for this

Initial Ideas Discussion

“ A quick individual stop and jot using
the first box on the Student Activity Sheets,
followed by turn and talk with a partner is
a streamlined way to activate memories,
prior experiences, and related phenomena.

/ . These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @
nethenStOryllneS-org University and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern University. 4.0 License http://creativecommons.org/licenses/by/4.0/ @ o
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lot of what [ heard you were saying was that the loudness of the sound is affected.
=> Have any of us ever actually tried to measure that to be sure? Do you think there is a way we could
prove that here in the classroom?

<> 2. (5 min) Have 10 students at a time stand in a semi-circle around a computer playing a
constant tone from this web site: http://www.szynalski.com/tone-generator/

Have them walk closer and then farther away from the sound source and report what they notice
changing about the sound. Repeat with another group of students until all the class has observed
this phenomenon.

<> 3. (8-10 min) Have students work on developing a model in Q6 of their Student Activity Sheets,
and tell students that we will share out these models with our groups after everyone is done. We
will see if we can use the ideas they developed in their models to help us explain our results.

<> 4. (5 min) Ask students to share their models in Q6 from their Student Activity Sheets with
their lab group members, emphasizing the goal of the model is to help explain what causes these
two patterns in their results:

Suggested Prompts:
=> Why does changing the distance cause changes in the amplitude of the sound waves that are
detected by the microphone?
=> Why would changing the angle, but keeping the distance from the sound source the same, not Additional Guidance
change the amplitude of the sound waves that are detected by the microphone?

E Refer to the class’ models of the salt

/ . These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @
nethenStOry“neS-org University and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern University. 4.0 License N i i @ By
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<> 5. (20 min; this may extend into a second day) Bring
the class together to develop a consensus model to reflect
the pattern in how the sound data changed. Have them
bring their Student Activity Sheets with them.

A lot less densely packed
peak e N

A little less densely , “
packed peak -

Suggested Prompts:
=> How can we develop a model using what we know

about how sound travels through a medium?
=> What might that look like? How would we show
amplitude decreasing? E

Densely packed peak fir

Sound
Source
(Vibrating
Matter)
=> How can we include the density of the particles in our

model considering what we know about their scale?

Listen for student responses such as:

=> We need to make the dark bands—Iots of particles together—for the peaks in the sound waves (and
keep them the same wavelength apart).
=> We need to show the bands going out from the middle (source) like a rock in a pond. H

Suggested Prompts:
=> How can we show that amplitude is decreasing as it radiates outward?

=> Should the width of the band decrease, or should the darkness decrease? Which represents the
amplitude—how wide the band of particles is, or how many particles are packed into the band?

Listen for student responses such as:

=> The bands need to fade as they move farther and farther from the source.

and the drum to remind the class about
how we represented dense and less dense
particle bands in the medium.

Additional Guidance

A supplemental resource of this
phenomenon in slow motion may help
provide evidence that amplitude is
decreasing as the wave radiates outward:
https://www.youtube.com/watch?v=6KKN
njFpGto

The tradeoff in using this phenomenon as
another related example of waves radiating
from a source is that water waves are
transverse waves (that vary in height up
and down), while sound waves are
pressure waves (that vary in particle
density across the medium). Students saw
transverse wave representations on the
digital oscilloscope—those are the
representations of the distance of a single
object (the cone of a microphone) vs. time.
The representation we are drawing now,
however, is at fixed point in time (frozen)
across the distance in space.

An alternate representation (if needed)
that may be useful would be dropping a
single marble into a tightly packed cluster
of marbles. This shows how collisions

These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern
University and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern University.

@ nextgenstorylines.org
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- The darkness of the bands represents the spread outward from a single point over a
amplitude of the sound. greater number of particles (marbles) so
=> Just like in our screenshots, the width of the that particles near the edge get pushed
1 barely at all compared to marbles near the
waves didn’t change. There was the same

) . ) point of impact. Keep in mind that neither
number each time, but the intensity of the
of these supplemental phenomena may be
wave changes.

needed at this point.

After working with students to develop a model i b > : Additional Guidance
that includes particle-dense compression waves, :

update the model using rays to represent the
ﬂoyv of sound energy thl.'ougl.l the sys-tem. (At th.is ray model for sound energy, ask them to
point you may want to simplify the differences in | Al , ‘ think about what other energy sources
particle band density as dark vs. lighter lines if E o / radiate the same way. Guide them to light
you wish). Co-construct this model with students as an example, and use this to simplify the
by building a version of it on poster paper as : existing model.

students do the same on Q7 of their student

activity sheets. H V\ /

Suggested Prompts: & \P—
=> In addition to showing bands of particle density, why did we show an arrow in our model in / \
C }

m If students have difficulty developing a

Lessons 13 and 14. What did that show us?

=> If we had to pick one way of representing that the energy is spreading out as the sound waves
travel across the medium, what is an easier way to draw that—drawing changes in the bands of

Have students add arrows to the lines on
particle density in each band or drawing arrows? Q6 to show the direction that the sound

energy waves travel and the direction of
Listen for student responses such as: energy transfer.

=> The arrows show us the direction the sound waves are traveling.
=> [t takes a long time to model all those bands radiating outwards. We could use arrows instead to

. These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @ @
nethenStorylmeS-Org University and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern University. 4.0 License i I o
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show the energy moving out from the source.

Help students see how we can use rays to visualize a decrease in amplitude. Pass out a 2.5 cm by
2.5 cm piece of index card to each student, and ask them move it to different locations on their
model. Have them describe how many rays hit the square when the move it closer vs. farther from
the sound source. Ask them to describe the same thing when they move the square to two different
positions that are the same radius from the sound source (but make sure they tilt the edge of the
square so it is perpendicular to the rays reaching it). This correlates to the need to face the front of
the microphone toward the sound source. Demonstrate this with square sticky notes on the poster
you are making too.

Day 2

<> 6. (8 min) Press for understanding by asking students about how we can use this
representation of arrows in the model to explain our observations.

Suggested Prompts:
=> What do the arrows help us see regarding the direction of energy transfer across a medium?

=> How do the arrows help us describe what is happening to the energy as it gets farther away from
the source?

=> How does comparing the number of arrows that reach one spot in space vs. another help us
describe differences in the amount of energy at those spots?

=> If one spot has 10 arrows that reach it, and another spot of the same size farther away has only
two that reach it, what does that tell us about how loud the sound is at each spot? What can we say
about the amplitude?

Listen for student responses such as:

= The arrows show us which way the energy is being transferred across a medium.

y ‘o . These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @ @
@ nether‘IStOI’y“neS.Org University and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern University 4.0 License hitp://creativecommons.org/licenses/by/4.0 o
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=> They help show how it spreads out as it travels away from the sound source over more and more
space.

= Counting the number of arrows that reach a spot helps us see the amount of energy that reaches
different spots. That is related to differences in the amplitude of the wave that reaches that spot.

=> The number of arrows that hit the square doesn’t change when you move positions, but stays the

same radius (distance) from the sound source.
@ @ Formative Assessment
ik Opportunities
Have students outline locations of the square (using the index card cutout you gave them) on their

paper that helps them visualize why sounds get quieter the farther away from the sound source we
get, but the sounds don’t get quieter if we remain at the same distance, but at a different angle.

You may want to assign these
questions as individual exit slips for
students to complete back at the seats
before leaving. If you do that, make sure to
assign Next Steps as home-learning so that
the ideas they jot down for that section can
be shared out at the start of the next class
to build coherence into the next lesson.

If time permits have students answer Q8. If not, assign this as home-learning.

<> 7. (7 min) Have students discuss their ideas for the Next Steps questions with a partner. Then
after a couple minutes of discussion, have students share out their ideas.

Listen for student responses such as:

= Ifyou cup your ear with your hand, that can help you hear a sound better. Maybe you can hold a
cone near your ear to help you hear better.

=> Next time we should try and build cones or other things to see if they can help us hear better or
amplify sound coming from a sound source.

Jot down their ideas about how we might investigate these questions and ideas further, so we can
continue with our current thinking at the start of the next lesson.

/ v ) These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @ @
nextgenstoryllnes.org University and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern University 4.0 License hitp://creativecommons.org/licenses/by/4.0, —
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M Alignment With Standards

Building Toward Target NGSS PE

1-PS4-1. Plan and conduct investigations to provide evidence that vibrating materials can make sound and that sound can make materials
vibrate. [Clarification Statement: Examples of vibrating materials that make sound could include tuning forks and plucking a stretched string.
Examples of how sound can make matter vibrate could include holding a piece of paper near a speaker making sound and holding an object
near a vibrating tuning fork.]

4-PS4-1. Develop a model of waves to describe patterns in terms of amplitude and wavelength and that waves can cause objects to move.
5-PS1-1. Develop a model to describe that matter is made of particles too small to be seen.

MS-PS4-1. Use mathematical representations to describe a simple model for waves that includes how the amplitude of a wave is related to the
energy in a wave. [Clarification Statement: Emphasis is on describing waves with both qualitative and quantitative thinking.]

MS-PS4-2. Develop and use a model to describe that waves are reflected, absorbed, or transmitted through various materials. [Clarification

Statement: Emphasis is on both light and mechanical waves. Examples of models could include drawings, simulations, and written
descriptions.]

y ‘o A These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @ @
nether‘IStOI’yhneS.Ol’g University and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern University 4.0 License hitp://creativecommons.org/licenses/by/4.0 o
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Previous Lesson...Where we have been: Students collected data about the patterns they found when standing at different points around a sound source. They constructed a model to explain why the sounds are
getting quieter and the amplitude is decreasing. And they used the model to raise questions around whether there a way to scoop it (sound energy) back together.

<

(o]

This Lesson...What we are doing now: Students design a device to channel sound using various shapes made with paper and tape. They will use their findings from testing this device to explain
why some shapes work better than others, arguing that sound bounces off walls of the object. They conduct an investigation to determine that sound waves bounce off objects with smooth
> |surfaces at predictable angles.

Lesson
Question

Phenomena

Lesson Performance
Expectation(s)

What We Figured Out (CCCs & DClIs), New Questions and Next Steps

L17: Can | scoop
sound back
together or
prevent it from
spreading out in
order to make it
louder?

2 periods:
(40 min each)

&

Building
toward

2 8
NGSS PEs:
MS-PS4-1
MS-PS4-2
MS-PS3-5

A very quiet sound
source (a ticking watch)
placed at one end of a
long tube or cone at X
centimeters sounded
louder than listening to
the sound source at the
same distance or even a
little bit closer without
the tube or cone.

When we place the same
sound source so that one
tube points toward a gap
in the wall, we can adjust
the angle of another
cardboard tube on the
other side of the gap in
the wall to determine if
there is an angle at
which we can hear the
ticking sound (and if so,
hear it louder than at
other angles).

Design a solution: Apply
scientific ideas to design,
construct, and test the
design of an object (a
structure) that amplifies
the volume of a sound
from a sound source at a
given distance and
evaluate how it functions.

Develop and use a model
to describe unobservable
mechanisms to explain
how it’s possible that
certain shaped tubes and
cones (structures) make a
sound louder than without
the tube or cone
(function).

We thought that the shape of some objects can keep sounds from spreading out and maybe make them louder, so we wanted to
investigate that more today.

We used paper and tape to make tubes and cones to test this idea and conducted some investigations. We noticed a pattern in our data:
When we placed a tube or cone at the source of a sound and we listened at the other end
of that tube or cone, the sound seemed louder than it did if we remained at the same
distance from the sound, but didn’t use a tube or cone.

We brainstormed other examples of where this might be happening.

We constructed explanations of how that would work—somehow the waves are being
redirected or prevented from being spread out. We shared our ideas to show what we
think happens to the rays as they spread out and hit the walls of the devices in use and
proposed some possible alternate models:
e Maybe the sound waves bounce off the surfaces of the object.
® Maybe the energy is channeled or redirected when the particles hit the inner
surface of the cone or tube.
Maybe it is like a ball bouncing off a wall.
The sound seems louder when we listen to it through the tube, but it sounds a little
jumbled.

This led us to wonder what exactly happens to waves when they reach a barrier or surface
like a wall.

We made some predictions about what would happen if we directed a sound wave at a
flat wall through a paper tube at different angles. We had lots of different predictions
about whether the sound would bounce off the wall and if there was any pattern to how the sound might bounce off the wall.

@ nextgenstorylines.org
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We conducted an investigation and noticed some patterns:
. There was a certain angle at which the sound was loudest.
e  There was a relationship between the angle at which the sound was loudest and the angle of the tube with the wall.

We argued that we can apply these findings to explain why the tubes and cones made the sound louder. We developed a model to
represent what we think is happening.

We applied that model back to our original results and the anchoring phenomenon to explain why people in front of the cone heard the
sounds better than those behind it. Also, this model might account for why the sound traveling through the tube could sound a bit jumbled.
This is because some of the sound waves might be bouncing off the inner walls of the tube, while other sound waves don’t hit the walls and
travel straight through the tube.

We argued from these examples that
. smooth surfaces tend to bounce waves off in a symmetric V pattern
(reflection); and
o  the shape of some structures (e.g., tubes, cones, dishes) can redirect
reflected sound waves so they head toward a detector.

We then used this evidence to develop a model to explain why holding a tube
against your ear and pointing it toward the sound source causes you to perceive
the sound as being louder than it would be without the tube. Our model also

had to explain how the sound would radiate outward from its source without N A
being reflected or directed to your ear if you were not holding a tube against L e
your ear. Teodn O

Next steps: Before wrapping up, we see some historical photos that
demonstrate the principles of our model in application. This makes us wonder
how early militaries used these concepts to hear sounds from a great distance, which we will read about during our home-learning.

Next Lesson...Where we are going: Students evaluate a model that represents what happens when a sound wave reaches a boundary between two different media. They revise the model to account for an old
phenomenon (hearing sound from a phone in a closed container] to show that when a sound wave meets the surface between two different materials or conditions (e.g., air to water), part of the wave is reflected
at that surface and another part continues on (transmitted).

7 A These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @ @
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7] Getting Ready: Materials Preparation

Materials for Each Student Materials for the Whole Class
e Lesson 17 - Student Activity Sheet (1) e Setup of barriers and PVC tubes hidden at a station in the
e Lesson 17 - Data Collection Sheet (1) back of the room for Investigation 2. Requires the
e Reading 17 (1) following supplies to build:
o 8 ft (2.4 m) section of 2 in. (5 cm) diameter PVC
pipe
Materials for Each Group of 4 Students o End cap for 2 in. (5 cm) diameter PVC pipe
o Hack saw
e Stack of file folders o Glue gun
e 2-4scissors o 8 pencils
e Roll of tape o Piece of cardboard
e Cheap analog wrist watch that makes a ticking sound. Example 1 at Amazon ©  Smooth piece of glass, or tile (not bumpy) or flat
($3.99): smooth piece of metal
https://www.amazon.com/gp /product/B017Y3YGQY /ref=oh aui detailpage o o  String and tape
02 s00?ie=UTF8&psc=1 ©  Protractor
e Example 2 at Amazon ($5.97): o Printout of Lesson 17 Outline for Sound Barrier
https: //www.amazon.com/gp/product/B016BHQFB8/ref=oh aui detailpage Setup
002 s00?ie=UTF8&psc=1 e Project a few of the images at this web site:
http://www.douglas-self.com/MUSEUM/COMMS/ear/ear.htm at the
end of lesson to prime interest in the home-learning.
e Poster papers & markers
Materials preparation has two additional parts to it:
Part 2 - Building the parts takes 40 min You only will need to do this once, and then save the parts for future years.
Part 3 - Putting the parts together to build a station takes another 30 minutes.
See the next two sections for how to do both of these.
@ nextgenstorylines.org e o o s e s e e o oo Cers 20 Licanse, ipcramicemmans araflanaoe e
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-] Getting Ready: More Materials Preparation - Part 2
Part 2 - Building the parts takes 30 min. You only will need to do this once, and then save
the parts for future years.

e (Cutan 8 ft (2.4 m) section of PVC pipe into four 2 ft (0.6 m) sections using a hack saw.

e (Cap one of the sections with the 2 in. (5 cm) diameter PVC end cap. This is the tube that you
will slide one of the wrist watches from the student investigations in Part 1 into. Don’t drop
the watch into the tube as it may damage the watch.

e Use a hot glue gun to glue two “rail feet” pencils to the bottom of each of the four tubes
parallel to each other, so that the tube doesn’t roll when it sits on these.

e Cutout a piece of cardboard to make an upright divider. One way to do this is to cut two w
smaller cardboard rectangles and notch them down half the height of the rectangle,
making sure the notch has the width of the cardboard thickness.

e Then make two of the same length notches on the bigger piece of cardboard.

e Take the three pieces and slide them together to make an upright divider.

e Printa copy of Lesson 17 - Outline of Sound Barrier Setup. You will use this to line up the rest of the pieces of _
the materials on a lab station or edge of a table. > “’H“/ \De“

M S
N R
7 "hese materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern Thi k is li d und Creative C Attributi
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[5] Getting Ready: More Materials Preparation - Part 3

Part 3 - Putting the parts together to build a station takes another 30 minutes.

e Find a table at the back of the room out of sight to build the station. Lay down Lesson 17 - Outline of Sound Barrier Setup on a table as a guide for
everything else. Tape it down.

e Run pieces of tape or string along the lines for L, M, N and R, S, T and tape those down. These are you guidelines along which to line up the PVC
tubes. Lining the tubes up precisely on these lines is one key to getting symmetrical echos off the surface you are using as a barrier.

e Next place the barrier along the location marked “sound barrier” on the paper. The barrier should be a smooth metal or plastic surface. In the
photos shown here, a piece of smooth wood was used, and it didn’t work quite as well as something that is even smoother. Whatever you use has to
stand upright perpendicular to the ground (like a plumb wall of a well-built house). Check this with your protractor. Tape or glue down the wall if
you need to prevent it from moving.

e Slide the cardboard divider on top of the thin purple line on the paper, but don’t push it all the way to the barrier. Leave a 5 cm gap.

e Place the 3 uncapped PVC pipes on the string lines. Get them as close to the barrier as you can. In the photo
here you will see that leaves about a 5-7.6 cm gap to the barrier. Notice in the photo that the pipes overhang
the table. That is good. It will allow you to put your ear against them.

e Then gently slide the watch into the capped PVC pipe and aim it along the string or tape line for L. Get it also
about 5 cm from the barrier. Test to hear that when you put your ear to R, S, and T, the loudest ticking sound
you hear is at T.

e Move the capped PVC pipe to be lined up along string or line for M, again about 5 cm from the barrier. Test to
hear that when you put your ear to R, S, and T, the loudest ticking sound you hear is at S.

e Move the capped PVC pipe to be lined up along string or line for N, again about 5 cm from the barrier. Test to
hear that when you put your ear to R, S, and T, the loudest
ticking sound you hear is at R.

e Tape all the pipes down or use a glue gun to set them in
place.

e This is where you will bring students to in Part 2, moving
only the capped pipe from position L, to M, to N for them to
get close to (without leaning against) the end of the pipes at
R, S, and T, moving from one to the other to collect data.

e (Cover this station with a couple garbage bags so that
students in each class don’t see it until you get to the
middle of Investigation 2.

y v A These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @ @
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<> Getting Ready: Teacher Preparation

Background Knowledge for the Teacher Only Linking our Understanding to Scientific Terminology
The smoother the surface that the sound reflects off of, the more regular its pattern e Reflection
of reflection. e Echo
e Typical
e Independent variable
e Dependent variable
o Trial
1 A These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @
\@ nethenStOI'y“nes.Org University and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern University 4.0 License hitp://creativecommons.org/licenses/by/4.0/
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& 4L earning Plan: Canl'scoop sound back together 2 periods: W@ LT ST LI T
* or prevent it from spreading out in order to (40 min each)
make it louder?

1. (5 min) Have students get out their Lesson 16 Student Activity Sheets and turn to the Next Steps
section. Ask them to share their responses to some of those questions. Use that to motivate what
we want to investigate in this lesson.

Suggested Prompts:

=> In our previous investigation, we collected data that showed that the amplitude of a sound
decreases as we move away from the source, but frequency did not appear to change. And we
developed a model to explain why the sound seems to get quieter as we move farther away from
its source.

=> What did this lead us to wonder at the end of the lesson?

=> What were some of the ideas you had about how we might investigate this question?

Listen for student responses that refer the following:

-> We were wondering if there was some way to keep sound from spreading out or a way to scoop it
back up.

= We think maybe the cone with the needle and the record player might be a clue.

= We could build some things and try them out to see if they help us hear sounds from far away that
are quiet.

= (Student responses will vary, but may include cones held to the ear, tubes to bring the sound to the
ear, or cones to amplify the sound at its source.)

2. (5 min) Introduce the sound source that the class will be using.

Suggested Prompt:

. These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @ ®
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=> [ have a new sound source that we could use to investigate this further. It is an analog watch.
Unlike a digital watch, this watch has moving parts (gears) in it that make the hands on the face of
the watch move. If you are really quiet you can hear this watch tick, but it’s very hard to hear from
far away. This makes it a useful phenomenon for us to tinker with. To begin, I'd like us to see how

far away a person typically has to get from the watch to the point where it can’t be heard anymore.

From there, we can start wrestling with our design problem and how we might prevent the sound
at the source from spreading out.

Have a student volunteer come up and hold the watch to his or her ear and have that person
describe what it sounds like. Then ask the volunteer to set the watch down and then move away
from the watch until that person can no longer hear the ticking sound. H Measure that distance.

Use this result to frame the following design problem.

Suggested Prompt:
=> Notice that there is a point at which the amplitude of the sound is so small that we can’t sense it. It

would be cool if we figure out a way to increase the amplitude of what we hear from the watch
without getting any closer to it, so that we could hear the ticking from a distance that we weren’t
able to hear it from before. Or maybe we can even design something that would allow this person
or any person to hear the ticking even further away from where they are standing now.

3. (5 min) Have students work with a partner to draw some sketches to represent something they
could design to be used to scoop sound back together or prevent it from spreading out using
limited supplies.

Suggested Prompt:
=> At this point, I'd like to give you the chance to work either in a team or individually to design a

solution to this problem. We have a limited set of supplies that are part of the constraints we have
to work with. Those include file folders, scissors, and tape. You will be allowed to build any
structures you want out of these materials. The structure you design should help us hear the
ticking watch from a distance that you couldn’t otherwise hear it. Use your Lesson 17 Student

Additional Guidance

You may elect to have students raise
their hands to determine when they’ve
stopped hearing the watch. You may also
choose to tape a circle on the floor to show
the distance from the source.

/ . These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @
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Activity Sheets to sketch a model of a device we could make that would scoop the sound back
together or prevent it from spreading out.

Give students time to work independently or in groups to sketch ideas for their devices in Q1 of the
Lesson 17 Student Activity Sheets. As students are working, encourage them to label the
components of their design.

4. (10 min) Prepare students to work in teams to build these structures. Have groups of 4 students
share their ideas with their neighbors about their designs, making any necessary changes they
want to make to their own plans. After sharing their ideas with each other, have the group select
the designs they want to test.

Suggested Prompt:
=> Now that you've had the chance to plan some possible designs, [ want you to work in a larger

design team. You can get help building your design and help others on your team build their
designs from among those that the team decides to try out. You will only have 10 min to build your
structures and then we are going to get ready to test them.

Have one person get supplies for the whole group. Give no more than 10 min for students to work
together in a group to build as many of the devices as they can.

5. (5 min) Stop students’ construction work and tell students that we need to prepare to collect
some data.

Suggested Prompts:
=> Now that you have some devices built, how will we determine if the device is actually helping
people hear the ticking of the watch that they couldn’t otherwise hear?
=> What will we need to keep constant during all our trials?
=> Is there anything we need to record or test before we test our devices?
=> When we test these devices, why will it be really important to do our tests in a silent environment?

Ve . These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @
nethenStOry“neS-org University and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern University. 4.0 License http://creativecommons.org/licenses/by/4.0/ @ —


http://creativecommons.org/licenses/by/4.0/

Lesson 17: Can | scoop sound back together or prevent it from spreading out in order to make it louder?

Teacher Guide v2.1
Middle School Unit: How Can We Sense So Many Different Sounds From a Distance?

Feb. 2018

=> And if these do actually work and end up increasing the amplitude of the sounds that reach our
ears, what safety concerns do we need to be thinking about as we use them? Why would we not
want to use them to hear someone talking or place them up next to something that is producing a
much louder sound than a wrist watch?

Anticipate student responses:

We will have to swap in different devices between the person who is sensing the sound and the sound
source.

We will need to keep the distance the same during all the trials.

We should record the distance from the sound source where the sound is too quiet to hear without
any of our solutions being tested.

If people are talking, we won'’t be able to test the devices.

We shouldn’t use these devices for louder sound sources, because they could damage our hearing.
That is another reason we need to be really quiet when we test them.

Suggested Prompt:

=> 0K, if we are going to do these tests in a super quiet environment, let’s give your groups some time
to talk and get prepared first. Let’s give 4-5 minutes to bring your supplies over to the desks you
are currently sitting at and to talk with group members about the data table you are going to make
in Q2 to record your results. Then after that time is up, I will ask for a thumbs up from all groups to
signal that we are ready. Then for the remainder of the period, you will be sharing devices, testing
them, and recording results quietly at your tables. Everyone should individually work on the
Making Sense question (Q3). One person in each group should be responsible for returning W Supporting Students in Planning
supplies and one person should be in charge of disposing of the group’s devices at the end of the and Conducting Investigations

period. E You may want to ask students to
identify the independent and dependent
variables in their investigation. Or you may

6. (10 min) Have students work in groups to create a data table and get prepared to test their want tto .erllcillllrage.‘ﬁlem :10 C:nSIddﬁr hotv}\:
devices. Pass out an analog watch to each group during this time. With 8-10 min remaining in the mfmy na s_ ey wiit con _uc an O.W €y
. . . . will determine what a typical result is.

period, ask students for a thumbs up once they are ready to shift to quiet data collection. ﬁ
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In the last 2 minutes of class, ask if all groups had at least one design that worked. Tell students
that they should complete the Making Sense of Investigation 1 section of their Student Activity
Sheets outside of class, using the ray model for how sound travels. Emphasize that these models
should help explain why the solution that they designed produced the results it did. Emphasize to
students that they will share these models with the class at the start of the period next time, and
we will use the ideas they developed in their models to help us figure out what we need to
investigate next.

Day 2

7. (10 min) Ask students to take out their Student Activity Sheets and recruit three students to
present their models to the rest of the class. Emphasize to the audience that they should keep track
of some of the different ideas they heard presented. Space for having students record this, if you
wish, is provided in Q4.

Emphasize one of the ideas that you saw raised in models related to sound waves bouncing off the
side of the thing it ran into.

Suggested Prompt:
-> So it looked like in some of the models there was this idea that a sound wave can bounce off a

barrier like a wall when it hits it. What do others think of that idea? Do you think that sounds can
bounce off of solid barriers?

Any of these student responses will motivate your follow-up questions:

Yes, I have experiences and evidence that sounds can bounce off of solid barriers.

Isn’t that what happens in an echo?

No, how can the energy in a pressure wave traveling across a medium bounce off a solid object?
What evidence do we have it actually bounces off of a barrier? Do you mean like a ball bounces off a
wall?

[ am not sure. That is an interesting question. How could we investigate that question?

il

2
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Suggested Prompts (use one of these depending on where the class is):
=> So it sounds like all of us are claiming that sound waves bounce off of barriers like walls. What

kind of bounce do we mean? Like a ball bouncing off a wall? Is there a certain direction in which
the sound waves would bounce off? Is it predictable? Let’s make that our new question: Do sound
waves bounce off barriers in predictable directions?
It sounds like we have some different claims about what might be happening. I guess we have a
new question to investigate: Do sound waves really bounce off barriers?
[t sounds like we think this might not be what happening. [ guess we have a new question to
investigate: Do sound waves bounce off barriers or don’t they?

Whatever the question is that best frames the thinking of the class at this point, have them write it
down in Q5 in their Student Activity Sheets.

8. (5 min) Have students bring their Student Activity Sheets to the demonstration station you have
set up at the back of the room. Have them stand in a semi-circle around it so they can all see it.

Show students that you can slide the ticking watch into the capped tube on the left side of the
setup, and then they could put their ears to one of the tubes on the right side to find out if they can
hear ticking in any of the tubes.

Suggested Prompts (use one of these depending on where the class is):

=> So if sound doesn’t bounce off of barriers, will you be able to hear any ticking in these tubes?
=> If sound does bounce off barriers, then why would you be able to hear ticking in one or more of
these tubes (have students trace what they think the sound would be doing if they hear ticking).

Emphasize that they should try and move the capped tube with the watch in it to position L, M, and
N.

Suggested Prompt (use this depending on where the class is):

=> For those of you who claimed that sound might bounce off barriers, do you have any predictions
about whether the sound you expect to hear would be louder in tube L, M or N?

Ve . These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @
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Have a few students share their predictions.

Suggested Prompts (use one of these depending on where the class is):

=> It sounds like we have some interesting data to collect. If we hear something in tubes R, S, or T, we
might also want to record in which tube we hear the sound the loudest. And it seems like we could
test that for three different conditions. We could put the capped tube with the watch in it on the
line for L and make observations, and then we could put the capped tube on the line for M and
make observations, and then do the same for N and make observations.

=> Here is a data collection sheet you can use to record your observations on.

9. (10 min) Have students turn to Investigation 2 in their Student Activity Sheets. Conduct the
investigation with the student volunteers. At this point ask for two volunteers to start with. And
then give the following directions.

Suggested Prompts:
=> The watch will be in the capped tube. This tube will be lined up along angle L. Our volunteers will

determine in which tube the sound from the ticking watch is the loudest. The first person will
make three observations by putting an ear first to tube R, then S, and then T. This person will
record the observations without telling us. Then we will repeat this with our second volunteer.
Then those two people will compare their results and if their results agree, we will have them
report out to the rest of us. If not, then we might need more data for that position, and we will get
two more people to collect data for angle L. Again, they will not share their data until they have all
their observations recorded. Then if they have a most common result among the four of them, we
will have them share that out.
Then we will repeat this procedure with a new set of volunteers, moving the capped tube with the
watch in it to angle M. And then we will do that again for angle N.
This is another investigation in which we will have to be super quiet when our volunteers are
making observations, because the ticking sound from the watch is quiet. Any questions?

Collect data for this investigation.

These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution
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Once data collection is complete have students return to their desks and complete Q6 in the
Making Sense section with a partner.

10. (12 min) Have students summarize the pattern they noticed, and build consensus around the
discovery. Agree that the class should co-construct a statement (like the following) together and
record it in Q7, while you add it to the Consensus Model poster:

e The energy from a sound wave can

e ——

bounce off a wall or other barrier. - ( . €€y re b lects
When it does so, it bounces off in a 5"""”* b b: 4 red ftl $
symmetrical V pattern (add a e En 8 I;m tree L L
drawing of this). This phenomenon is =
referred to as reflection.

Tell students that reflection can explain a ﬁ

phenomenon that people sometimes notice baret®”

. . leary,er barepr

when they stand in certain places

outside (e.g., across from a large, flat ;

wall of a building or on the top of a ; A @

canyon) and make a loud noise [ /e

resulting in an echo. Ask students to Ve : @: i ey &

share examples of what echos sound e

like, where they heard them, and how 7 4 o

reflection could explain what is

happening.

Then ask students how we could use
this phenomenon to explain why the
sound tends to seem louder when you = ~ ceadn
hold a tube up to the ticking watch (N hy
than when you don’t. Co-construct a

Additional Guidance

After standing and quietly making
observations, it is helpful to break that up
with movement and partner talk. Though
this transition back to their desks takes a
few moments, it is helpful to vary the
activity a bit in order to help keep students’
attention and engagement at a higher level
than if you keep them standing in one place
too long. Question 6 is also a good
transition question for students to take a
pass at summarizing the patterns they
noticed before going public as a whole class
in the Conclusion section, but if time is
short, skip this question and jump straight
to the Conclusion section.

These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern
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model to represent the application of the idea above to explain this phenomenon. The sample
model will help to explain why holding a tube against your ear, pointed toward the sound source,
ends up helping make the sound you sense louder. And whyj, if there was no tube, the sound would
radiate outward without being reflected or directed to your ear.

11. (3 min) Ask students to answer Q8 in their Student Activity Sheets. Tell them that their reading
tonight will introduce new phenomena related to reflection as well as discussing what might
happen when we use a different type of material for the surface of the wall or barrier.

To prime interest in the reading, show a few of the images from:
http: //www.douglas-self.com /MUSEUM /COMMS/ear/ear.htm.

Tell students that this is one of many interesting devices they will read about tonight that different
countries invented between World War I and World War II for their militaries to use to solve a
similar problem when they needed to hear sounds from a distance.

Ask students to turn and talk with a partner to brainstorm why the militaries of the world might
have invented devices like this and what problem they were trying to solve with them.

@ @ Formative Assessment
F = Opportunities

You may want to use the last two
questions from the reading as an entrance
ticket for the next class. If you intend to do
that, let students know that you want to
use some of the questions from the reading
as an entrance ticket to collect as an
assessment of their current understanding
at the start of the next class.

y v A These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @ @
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M Alignment With Standards

Building Toward Target NGSS PE Building Toward Common Core Standards ELA

e MS-PS4-1. Use mathematical representations to describe a simple Comprehension and Collaboration:
model for waves that includes how the amplitude of a wave is CCSS.ELA-LITERACY.SL.6.1
related to the energy in a wave. Engage effectively in a range of collaborative discussions

(one-on-one, in groups, and teacher-led) with diverse

e MS-PS4-2. Develop and use a model to describe that waves are partners on grade 6 topics, texts, and issues, building on
reflected, absorbed, or transmitted through various materials. others' ideas and expressing their own clearly.
[Clarification Statement: Emphasis is on both light and mechanical
waves. Examples of models could include drawings, simulations, e CCSS.ELA-LITERACY.SL.6.1.B Follow rules for
and written descriptions.] collegial discussions, set specific goals and deadlines,

and define individual roles as needed.
e MS-PS3-5. (Partial) Construct, use, and present arguments to
support the claim that when the kinetic energy of an object e CCSS.ELA-LITERACY.SL.6.1.C Pose and respond to

changes, energy is transferred to or from the object. specific questions with elaboration and detail by
making comments that contribute to the topic, text, or
issue under discussion.

y ‘o A These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @ @
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how can we hear anything on the other side?
Middle School Unit: How Can We Sense So Many Different Sounds From a Distance?

Previous Lesson...Where we have been: Students designed a device to channel sound using various shapes made with paper and tape. They used their findings from testing this device to explain why some
shapes work better than others, arguing that sound bounces off walls of the object. They conducted an investigation to determine that sound waves bounce off objects with smooth surfaces at predictable angles.

)

This Lesson....What we are doing now: Students evaluate a model that represents what happens when a sound wave reaches a boundary between two different media. They revise the model to
account for an old phenomenon (hearing sound from a phone in a sealed container) to show that when a sound wave meets the surface between two different materials or conditions (e.g., air to
Q,  [water), part of the wave is reflected at that surface and another part continues on (transmitted).

they reach a
barrier, then how
can we hear
anything on the
other side?

1 period:
(40-45 min)

O

Building
toward

4
NGSS PEs:
MS-PS4-1
MS-PS4-2
MS-PS3-5

show evidence of a
compression wave
reflecting back from the
boundary between
where the two springs
meet and a compression
wave going into and
through the new second
spring as well.

evidence that shows the
relationships between
how much energy reaches
a barrier, how much goes
through it, and how much
is reflected for frequent
and regular occurring
events (sound pressure
waves).

Lesson Phenomena Lesson Performance What We Figured Out (CCCs & DCls), New Questions and Next Steps

Question Expectation(s)
L18: If sound Two different Developing and Using We revisited one of the models we explored from our home-learning and used it to
waves are stiffness/thickness Models: Collaboratively argue for why different surfaces (smooth vs. rough) could cause sound waves to bounce Vi 4 — -
reflected when Slinkies chained together | develop a model based on | off them differently. pro —

We revised this model based on a limitation we uncovered to show that some sound
must be coming through the solid walls of the container in order for us to explain how
we heard the cell phone in the closed container.

We evaluated the model again and determined that while it showed the relative amounts of e . %
sound energy that are reflected vs. transmitted when sound waves reach a boundary between
two materials, it didn’t represent a microscopic view of what the matter in both materials was
doing that could explain this phenomenon. ~

it

We analyzed the behavior of a single Slinky and then a chain of two Slinkys made of different
materials to argue for how they could represent any springy material (solid, liquid, or gas) and
could also help us better see the relationship between the matter in each medium and the energy transferred through it. After producing
some compression waves in the single spring and in the chain of two springs we discovered some interesting patterns:
. A compression wave moves through the medium, but the matter in one spot just moves back and forth.
. Some of the energy is reflected and some of it is absorbed when sound reaches a boundary between two different media.

We argued from this evidence and from the models we produced that when a sound wave meets the surface between two different
materials or conditions (e.g., air to water), part of the wave is reflected at that surface and another part continues on (transmitted).

We observed a situation where a drummer was playing a drum in a room that was producing too much echo. We wondered if there might
be materials that could be added to the room to decrease the echo by reflecting very little sound energy and transmitting very little sound

energy through the walls.

Next time: In our home-learning, we brainstormed some possible design solutions to compare in our next lesson.

‘3 nextgenstorylines.org
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Next Lesson...Where we are going: Students will compare solutions for decreasing the amount of echo in a room and compare that to the solutions (results) that a drummer tried. They develop a model to
support the argument that the addition of materials to the walls and ceiling of a empty room that don't reflect, scatter, or transmit sound energy would decrease the loudness of the sounds heard in the room and
the loudness of sounds heard through the wall in an adjacent room. They will explore a new phenomenon (bending the end of a paperclip back and forth] and uncover evidence of temperature increases occurring
in the metal. They use this evidence to argue that the energy of the sound wave that is absorbed by some materials is converted to temperature increases in that material (increased random particle motion and

increased thermal energy).

<> Getting Ready: Teacher Preparation

Background Knowledge for the Teacher Only

From the Framework: When a wave meets the surface between
two different materials or conditions (e.g., air to water), part of the
wave is reflected at that surface and another part continues on, but
at a different speed. The change of speed of the wave when passing
from one medium to another can cause the wave to change
direction or refract.

Understanding that the speed of waves change in different media is
a high school idea.

Alternative Student Conceptions

If students have developed ray models of how light energy is reflected,
transmitted, and absorbed in previous middle school units, the ray diagrams used
in this lesson will be very familiar.

Linking our Understanding to Scientific Terminology

o Reflected

® Scattered

e Transmitted
y v . These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @
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= . . c
[J] Getting Ready: Materials Preparation
Materials for Each Student Materials for the Whole Class
o Lesson 18 - Student Activity e Tape
Sheets (1) e A few small pieces of yarn to tie onto the Slinky
o Lesson 18 - Student e Plastic Slinky 7.6 cm
Home-Learning (1) e Metal Slinky 7.6 cm
e Poster paper and marker
e Optional: Phone and airtight container
e Access to this video: https://www.youtube.com/watch?v=cp56A6TcL1E
Materials Preparation (15 min) - You will need an extra set of hands for this.
1. Place the end of the plastic Slinky up 2. Use a small piece of tape to attached the two ends 3. Do this at four locations around the

against the end of the metal Slinky. together. It's OK to tape a couple coils together. circumference of the Slinky.

y

e \_\\
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a4 Learning PlantIFsound wavesiare reflected when™ I period: RS LT Ul S LIS
they reach a barrier, then how can we hear (40-45 min)
anything on the other side?

1. (5 min) Have students turn to the first page of their Student Activity Sheets. Remind students
that this diagram is the same one they thought about in their home-learning to explain and predict
something about how sound interacts with a smooth vs. a rough surface. Ask students to
summarize what this model helps us explain and predict. Then have students share their ideas.

Suggested Prompt:
=> What does this model help us explain and predict about sound energy?

Listen for student responses such as:

= How sound energy interacts with different surfaces

=> What happens to a sound wave when it reaches a smooth vs. a rough surface

=> Sounds bounce off smooth surfaces in a regular pattern, but go every which way off of rough
surfaces.

=> [t explains why you hear an echo off of some things, but not others.

Emphasize that this also seems to be showing sound traveling through one medium and then
meeting a boundary of another medium like a solid.

Have students label both media in both models as shown below. Point out that these different
types of ways that energy interacts with a surface are sometimes referred to as reflection and
scattering. Label both of these.

These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution { @ @
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Mesdium 1: Air

Saolid smoath surface Rough surface

2. (5 min) Remind students of a phenomenon that they encountered before, when they put a cell
phone in a closed container and could still hear sound coming out of it (Lessons 9 and 10). Repeat
this demonstration if you wish.

Point out that this seems to reveal a limitation to the models we were looking at above, because in
this case, there was some sound that we heard coming through the solid walls of the container.

Have students write a new question in Q2 related to this phenomenon, “How can some sound be
heard through the walls of the container?”

After writing this question, discuss how to make a visual representation of this idea together using
what we know about sound so far. Make this sketch in the box to the right of Q2.

Suggested Prompts:
Should we refer to the air as Medium 17
Are our container’s walls smooth or rough?
So if five rays of sound energy reach the wall, how would we show that some of the sound energy
goes through?
Because we are showing that some of the sound energy is going through the wall, can we refer to
the wall as Medium 27

Ve . These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @
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=> What would we show is happening to the other rays when they reach the boundary between the
two media (the air and the solid wall)?

Listen for student responses such as:

=> Let’s still refer to the air as Medium 1, because that is what is in the container.
=> The container walls are pretty smooth.

=> We should show one or two of the rays going through the wall.

= Yes, let’s call the wall Medium 2.

= The other rays should bounce off the wall.

Co-construct this representation together.

Medium 1: Air

Medium 2:

Solid smooth surface
Tranzmitted sound

energy

3. (5 min) Ask students questions about what the model is and is not showing regarding the matter
and the energy in the system.

Suggested Prompts:

. These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @
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7

vl

Do these lines represent the movement of matter or the movement of energy?

Our diagram seems to be showing that one out of five rays or 20% of the sound energy is
transmitted and 80% is reflected. Is that what we want to show?

Do we think all solids transmit the same proportion of sound energy as the sound in our diagram?
If we could see a microscopic view of the solid surface up close as it transmits sound energy
through it, what would we see the particles of matter that make it up doing? (point to this part of
the model)

If we could see a microscopic view of the air up close as it sound energy is reflected back into it,
what would we see the particles of matter that make it up doing? (point to this part of the
model)

Listen for student responses such as:

I think it’s the movement of energy.
We don’t even know that it's 20% of the sound energy that is getting through the container. We
were just trying to show that a little bit is transmitted.

=> Weread in our reading that some solids are squishier or less springy than others, so they probably

v

wouldn’t transmit energy as well.

Maybe some solids transmit sound energy better than others.

The particles in the solid surface would be vibrating back and forth, because that is how they would
be transmitting the energy.

The particles in the air would be vibrating back and forth, because that is how they would be
transferring the reflected energy.

Emphasize that the model is helpful for thinking about energy, but isn’t really good for visualizing
what is happening to the particles. Tell students that scientists sometimes use springs for
representing how energy travels through a medium, and that you want to work with a
spring-based model to see if we can visualize some of the motion of the matter and the transfer of
energy that the class is predicting. Let them know that we will be using a Slinky as our
spring-based model.

University and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern University 4.0 License hitp://creativecommons.org/licenses/by/4.0/
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4. (5 min) Have students bring their Student Activity Sheets to a central location (e.g., around a
spot on the floor) to make observations at a later point.

First take out the plastic Slinky and hold one end of it and ask another student to hold the other
end stretched out about 1 meter. With your other hand, show students that you are going to move
the Slinky back and forth a couple of times, just like the orange rectangle in the computer
simulation. The Slinky will represent the medium (air or water) that the sound will travel through.

Suggested Prompts:
=> Do we agree that air is springy?
=> Do we agree that liquids and solids are springy too?
=> And are they all made of particles?
=> Is that important to explaining how sound travels?

Listen for student responses such as:

=> Yes, air is springy.

= Yes, all matter is springy.

= Yes, all matter is made of particles.

=> Yes, sound travels through particle collisions.

Frame the need to mark the location of where one particle would be in the medium by saying, “And
we said they are all made of particles. We can’t really see any particles in this model. Let’'s mark a
location of one particle in this springy medium with something like a small piece of yarn just like
we marked a particle in the computer simulation.”

Ask a student to mark the location of a spot on the Slinky by attaching a small piece of yarn to it.

Ask students to predict what patterns they think they will see in the Slinky (the medium) and the
yarn (a particle) when you move your hand forward and backward (not side to side).

Accept all student responses.

y v A These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @ @
A\ nether‘IStOI’yhneS.Ol’g University and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern University 4.0 License hitp://creativecommons.org/licenses/by/4.0 By

232


http://creativecommons.org/licenses/by/4.0/

Lesson 18: If sound waves are reflected when they reach a barrier, then how can we hear anything on the other side? Teacher Guide v2.1
Middle School Unit: How Can We Sense So Many Different Sounds From a Distance? Feb. 2018

Then demonstrate the back and forth motion of the sound source (your hand) and ask students to
share their observations.

Listen for student responses such as:

=> An area of compression travels through the Slinky.
=> Theyarn moves back and forth, but the wave moves through it.

5. (5 min) Then say, “OK, so this helps us visualize the matter in the medium as well as the energy
that travels through it, though it may have some limitations that the computer model did not have.
Let’s try to represent two different media, like air vs. water or air vs. a solid wall.” Take out a
metal Slinky and ask students which Slinky one would be be a better representation of the
behavior of air vs. a liquid or air vs. a solid.

Listen for student responses such as:

=> Airis less dense than a solid or a liquid, so the plastic Slinky should represent the air and the metal
Slinky could represent something more dense like a liquid or solid.

Remind students that we made some models of what happens to the sound energy when it reaches
a boundary between two media. Tell students that you are going to tape the two Slinkies together
to represent two different media. Ask a student to add another piece of yarn to represent a particle
in the second medium.

If time permits, ask students to draw the setup (in Q3) and have them label the following.
Otherwise, talk through these mappings:

e Which Slinky represents the less dense medium (i.e., air)?
e Which Slinky represents the more dense medium (i.e., the wall)?
e Which piece of yarn represents a particle in the air and which piece represents a particle in

the wall?
y v . These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @ @
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o Where is the boundary between the air and the solid?

Ask students to predict what they think they will see happen when you move your hand back and
forth again, representing a vibrating sound source.

Accept all student responses.

6. (5 min) Demonstrate the phenomenon a couple of times. Have the student who is holding the
other end of the Slinky with one hand, demonstrate what happens when the sound is coming from
a dense medium and hits a boundary where there is a less dense medium, by making a back and
forth motion with the other hand (while you keep your hand steady).

Ask students to record, in Q4, the patterns they noticed in the phenomenon.

Repeat the demonstration if students wish.

7. (5 min) Remind students that we drew a model on the first page to explain the sound we heard
through the closed container. Ask students to write a response to Q5 on their Student Activity
Sheets.

Suggested Prompts:
=> How does this help us visualize what we were trying to draw in the model on the first page?
=> What additional things did it help us visualize?

Listen for student responses such as:

=> [t helps us see that some of the energy is reflected and some of it is absorbed when sound reaches a
boundary between two different media.

=> It also helped us see the motion of the particles in the matter in both media.

= We also could see the compression wave moving through both materials.

y v A These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @ @
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Record this important conclusion on a poster (which can be added to the Incremental Model
Tracker at the start or end of the next class):

o When a sound wave meets the surface between two different
materials or conditions (e.g., air to water), part of the wave is reflected at that
surface and another part continues on (transmitted).

8. (5-10 min) Ask students to consider the following, “We know that some materials transmit more
sound energy than others, and some reflect more sound energy than others. Do you think there are
any materials that both reflect very little sound energy and transmit very little sound energy?”

Ask students to turn and talk with a partner briefly (for one minute) about this question.

Then tell students that you want them to think about this question further, in terms of a design
problem you want them to work on tonight. Tell students that you are going to show them a video
clip of a drum player who is testing the sound characteristics of a room he wants to practice his
drums in.

Show the first 20 seconds of this video only, making sure to hide the title of the video by showing it
on full screen: https://www.youtube.com/watch?v=cp56A6TcL1E

Tell students, “The drummer in the video feels that there is too much echo in the room. The design
problem that you will be working with in the home-learning assignment is to think about how to
solve that problem. Think about what you know regarding how sound interacts with materials
AND consider this question: Do you think there are any materials that both reflect very little sound
energy and transmit very little sound energy?”

Hand out Lesson 18 - Student Home-Learning and instruct students to bring their solutions to this
problem to class the next day.
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MW Alignment With Standards

Building Toward Target NGSS PE

MS-PS4-1. Use mathematical representations to describe a simple model for waves that includes how the amplitude of a wave is related to the
energy in a wave. [Clarification Statement: Emphasis is on describing waves with both qualitative and quantitative thinking.]

MS-PS4-2. Develop and use a model to describe that waves are reflected, absorbed, or transmitted through various materials. [Clarification
Statement: Emphasis is on both light and mechanical waves. Examples of models could include drawings, simulations, and written
descriptions.]

MS-PS3-5. (Partial) Construct, use, and present arguments to support the claim that when the kinetic energy of an object changes, energy is
transferred to or from the object. [Clarification Statement: Examples of empirical evidence used in arguments could include an inventory or
other representation of the energy before and after the transfer in the form of temperature changes or motion of object.]
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Lesson 19: What else happens to the energy of the wave as it travels

through the medium?
Middle School Unit: How Can We Sense So Many Different Sounds From a Distance?

Teacher Guide v2.1
Feb. 2018

Previous Lesson...Where we have been: Students evaluated a model that represents what happens when a sound wave reaches a boundary between two different media. They revised the model to account for
an old phenomenon (hearing sound from a phone in a sealed container] to show that when a sound wave meets the surface between two different materials or conditions (e.g., air to water), part of the wave is
reflected at that surface and another part continues on (transmitted).

<

(o]

This Lesson....What we are doing now: Students compare solutions for decreasing the amount of echo in a room and compare those to the solutions (results) that a drummer tried. They develop
a model to support the argument that the addition of materials to the walls and ceiling of an empty room that don't reflect, scatter, or transmit sound energy would decrease the loudness of the
sounds heard in the room and the loudness of sounds heard through the wall in an adjacent room. They explore a new phenomenon (bending the end of a paperclip back and forth) and uncover
evidence of temperature increases occurring in the metal. They use this evidence to argue that the energy of the sound wave that is absorbed by some materials is converted to temperature

©  |increases in that material (increased random particle motion and increased thermal energy).

Lesson
Question

Phenomena

Lesson Performance
Expectation(s)

What We Figured Out (CCCs & DCls), New Questions and Next Steps

L19: What else
happens to the
energy of the
wave as it travels
through the
medium?

1 period:
(40 min)

&

Building
toward

4

NGSS PEs:
MS-PS4-1
MS-PS4-2
MS-PS3-5

Bending the ends of a
straightened paper clip
back and forth leads to a
temperature increase at
the vertex of the U or V
that we make in the
paper clip.

Engaging in Argument
from Evidence: Use oral
arguments supported by
empirical evidence and
scientific reasoning to
revise a model for a
phenomenon (when
matter moves [or is bent]
back and forth, some of
the energy of that motion
is absorbed by the matter
and converted to thermal
energy).

We shared our design solutions for the drummer’s room from our home-learning and saw various patterns across our solutions:
. Many of us added materials in the room that aren’t smooth to decreasing the amount of echo.
. Some of us added materials we argued would absorb some of the sound energy.

We wondered whether there were any materials that don’t reflect or scatter much sound energy AND don’t transmit it. And we argued that
if there were such a material, then the sound of the drum in the room wouldn’t be as loud. And the sound in an adjacent room (through the
wall) wouldn’t be as loud either.

After we watched more of the video, we analyzed the results of the design solutions the home drummer in the video tried, and we saw
some patterns in the solutions:

. The material he hung on the wall had big bumps on it; the material looked like foam.

° The more patches of this material he hung, the less echo in the room there was when he struck the drum.

e  The sound of the drum was also a bit quieter in the room when more of these patches of material were put in the room.

We developed a model to represent the behavior of this material (a foam) that transmits very little sound through it. The model we
developed raised new questions about what happens to the “missing energy” or the “energy that goes into the material.” We argued that
maybe the energy going into the material changes form or is somehow detectable. We decided we could try to detect that.

We used a paper clip as a manipulative to explore this idea further. We both plucked the paper clip and then forced it to bend back and
forth many times. We noticed patterns in the paper clip that led us to argue from evidence for these claims:
. Some of the energy that goes into a material that is bent back and forth over and over again turns into a temperature increase.
o  The foam that the drummer added to his practice room is absorbing some of the sound energy, and it is warming up.
. Optional (for students who have developed a way of representing temperature and thermal energy related to the average speed
of particle motion in prior instruction): The energy that is absorbed by the material results in the average speed of the particles
in that substance increasing (increasing the thermal energy of that object).
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Next Steps: Because we had lots of discoveries about what happens to the energy of a sound wave as it meets the surface between two
different materials or conditions and what we mean by the energy “going into the object” or “getting absorbed by the object,” we decided
to make time to summarize all of these important discoveries in our Incremental Model Tracker at the start of the next lesson.

Next Lesson...Where we are going: This lesson will mark the end of Bend 3. You will help students build a consensus model and summary table of all the scientific principles they figured out over the course of
the unit, and determine which of these would need to be part of an explanation for different phenomena and related questions that the class explored over the course of the unit related to: What causes different
sounds? How do sounds move across a medium? Why is it easier or harder for some people to hear sounds in some places over others?

Getting Ready: Materials Preparation

ESXN
|IIID

Materials for Each Student Materials for the Whole Class

e Lesson 19 Student Activity Sheets e Poster paper and markers
e Lesson 19 Student Home-Learning (1)
e Jumbo paper clip (1)

" ) These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @ ®
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<> Getting Ready: Teacher Preparation

Background Knowledge for the Teacher Only Alternative Student Conceptions
Because the difference in pressure in the amplitude of most sound waves is so small compared If students have developed ray models of how light
to the surrounding pressure of the air, the amount of sound wave energy that is converted to energy is reflected, transmitted, and absorbed in
thermal energy is very small and beyond the range of most devices to detect. previous middle school the ray diagrams used in this

lesson will be very familiar.
The exploration of the paperclip bending is designed to help provide evidence that there is
always some energy converted to thermal energy (increased amounts of random particle
motion in the matter) when kinetic energy is transferred from one object to another or when 0.8 . & (g
waves interact with matter. The temperature increases associated with wave energy being Lmkmg 2Lf Unders.tandmg to Scientific
absorbed are much easier to detect when light interacts with matter (e.g., a black surface). Terminology

This lesson completes a model for how sound waves can be reflected, transmitted and

absorbed. For teachers who will be introducing light-related phenomena, the ray-based ® Reflected
models developed in Bend 3 for sound will be easily transferable to the behavior of light, ® Scattere.d
whose other wave-like properties (e.g., amplitude and frequency) are not easily measurable e Transmitted
attributes. In addition, these characteristics of light are not easy to understand for this grade e Absorbed
band. e Temperature
e Optional: thermal energy, particles

"v . These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @
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& 4> Learning Plan: Whatelse happens to the energy™ 1 period: K< LT UL SN LT
of the wave as it travels through the medium? (40min)

|

1. (7 min) Ask students to take out their solutions from their home-learning assignments and
share these with a partner (or in small groups of three people). Ask one person in the group to
keep track of some of the design ideas they saw shared.

2. (5 min) Take a poll of different design solution that groups saw.

Suggested Prompts:
=> How many of you saw different objects added to the room in the design solutions that group
members came up with?
=> How many of you saw different types of materials added to the room in the design solutions that
group members came up with?

Then shift to asking about the questions related to reflection.

Suggested Prompts:

=> Why might hanging materials in the room that aren’t smooth be helpful in decreasing the amount
of echo?

=> Do you think there are any materials that could be used that don’t reflect or scatter much sound
energy AND don’t transmit it?

=> Ifthere are materials that do that, then what would you notice about the sound of the drum when
someone banged it while you were standing inside the room? What would you notice about the
sound of the drum if you were standing in a room on the other side of the walls of this room?

Listen for student responses such as:

= Rougher materials would scatter the sound waves in lots of different directions instead of bouncing
them off in just one direction.
=> Maybe there are some materials that don’t reflect or scatter much sound energy AND don’t transmit

. These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution [@ @
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it.
=> Ifthere are materials that do that, then the sound of the drum in the room wouldn'’t be as loud. And
the sound in another room next door (through the wall) wouldn’t be as loud either.

3. (5 min) Tell students that you are going to show a longer version of the drum video from
yesterday. It will show some of the modifications the drummer made to the room and the results of
some experiments he did to see how that affected the echo and volume of the sound in the room.

Ask students to record any interesting patterns they notice in the changes he made to the room as
well as any changes in the sound of the drum on their Student Activity Sheets (in box under
Observations from Phenomenon #1).

Show this video: https://www.youtube.com/watch?v=cp56A6TcL1E

Give students a couple minutes to write down their observations.

4. (7-10 min) Ask students to share out some of their observations.
Listen for student responses such as:

=> The material he hung on the wall had big bumps on it.

= The material looked like foam.

=> The more patches of this material he hung, the less echo in the room there was when he struck the
drum.

= The sound of the drum was also a bit quieter in the room as he added more of these patches of
material in the room.

Tell students that this type of material (a foam) used in the video also transmits very little sound
through it. Ask students to help co-construct a model to explain this question: How can such a
material decrease the volume of sound energy bouncing off it as well as decrease the amount of
sound energy transmitted through it? Have students write that question in Q1, and draw a version

7‘ ) These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @
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of the model below (as you draw it on a piece of poster paper). Foreground the idea that some of
the energy must go into the material and not come out.

Foam in the room
Harging on fhe walls

T i it id
j=TEn |
Ll il

After drawing this model together in the box to the right of Q1, ask students what new questions
this model raises, foregrounding questions about the “missing energy” or the “energy that goes
into the material.”

Suggested Prompts:

-
->

N

->
->

So what new questions does this model raise?

Do you think it’s possible there are materials that transmit almost no sound energy and reflect or
scatter almost no sound energy?

If the sound energy isn’t bouncing off these materials and isn’t going through them, then where is
it going?

How is it possible that it is simply going into the material? Energy can’t just disappear.

What evidence could we look for that would tell us that some of the energy from a back-and-forth
vibration goes into a material rather than through it?

Listen for student responses such as:

=> What is happening to the energy that is going into the material, but not coming back out?
= ['ve heard of soundproof rooms, so maybe those use materials on the walls and ceilings that neither

bounce the sound energy off them, nor transmit the sound energy through them.

=> Maybe the energy going into the material changes form or is detectable.

Additional Guidance

These ray-based models may look like
similar models students have developed for
the behavior of light and how it interacts
with matter. Ray-based models to track
where the energy goes as waves interact
with matter are a useful representation for
both light and sound waves.

3 These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution ®
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= We could try to measure the energy in a material that we vibrate back and forth.

5. (7 min) Tell students that you are going to hand out a paper clip that they are going to use to
bend back and forth many times to see if they can detect what might be happening to the energy
absorbed by materials when they move back and forth.

Have students wear safety goggles for this exploration. You may want to project these directions
on the board:

e Students should hold down the end of the paperclip on their desk and give it a little pluck.
Ask them to describe what they notice and write that in their Observations for Phenomenon
#2.

e Then instruct them to hold down the end of the paper clip on the desk and with their other
hand, grab the end of it and force it to bend back and forth approximately 5 cm about 20
times.

e Ask them to feel the middle of the paper clip where the bending was occurring.

e Have them repeat this bending action 40 or 60 times. It is possible this will eventually lead
to the paper clip breaking. If that happens, have them feel the end of the paper clip and add
that to their Observations for Phenomenon #2.

o Collect the paper clips.

e Ask students to complete the Making Sense questions (Q2 and Q3) to share with the class in
a few minutes.

6. (8 min) Have students share their claims and what this predicts is happening to some of the
energy of the sound wave that goes into the foam.

Listen for student responses such as:

= Some of the energy that goes into a material that is bent back and forth over and over again turns
into a temperature increase.
= The foam is absorbing some of the sound energy and warming up.

77 v . These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution ®
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If students have explored ideas related to thermal energy and that temperature is a measure of the
average speed of random particle motion, then ask additional questions about this.

Suggested Prompts:
=> Soif the temperature is increasing in the substance, what do we know is happening to the average
speed of the particles in that substance?
=> What can we say is happening to the thermal energy of that substance?

Additional Guidance

Students’ understanding of the
difference between thermal energy and
heat will depend on whether or not they
have previously studied these concepts
(MS-PS3-3). Students may not yet
understand the difference between thermal
energy, particle motion changes, and
temperature.

Listen for student responses such as:

= Ifthe temperature is increasing, the average speed of the particles in that substance is increasing.
=> The thermal energy of that substance is increasing.

Point out that there are other examples of back-and-forth motion that they may have encountered
that results in a temperature increase. Have students rub their hands together to notice a related
effect. Ask students if anyone has ever seen an example of what can happen when you rub two
sticks together over and over again.

Jot down some of these responses for the class to return to in the next lesson. Emphasize that we
have figured out a lot about what happens to the energy of a sound wave when it meets the surface
between two different materials or conditions. We have figured out what we mean when we say
the energy “goes into the object” or “gets absorbed by the object.” We should make time to
summarize all of these important discoveries in our Incremental Model Tracker at the start of the
next lesson.

Before assigning students the home-learning, ask them if they ever noticed any rooms in the school
where it seems as if sound is reflected a lot or where it appears to be absorbed a lot. Tell students
they will think more about those places and design some solutions for problematic places in their
home-learning tonight. Assign the home-learning.

7‘ ) These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @
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MW Alignment With Standards

Building Toward Target NGSS PE

MS-PS4-1. Use mathematical representations to describe a simple model for waves that includes how the amplitude of a wave is related to the
energy in a wave. [Clarification Statement: Emphasis is on describing waves with both qualitative and quantitative thinking.]

MS-PS4-2. Develop and use a model to describe that waves are reflected, absorbed, or transmitted through various materials. [Clarification
Statement: Emphasis is on both light and mechanical waves. Examples of models could include drawings, simulations, and written
descriptions.]

MS-PS3-5. (Partial) Construct, use, and present arguments to support the claim that when the kinetic energy of an object changes, energy is
transferred to or from the object. [Clarification Statement: Examples of empirical evidence used in arguments could include an inventory or
other representation of the energy before and after the transfer in the form of temperature changes or motion of object.]
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Lesson 20: How can we explain our anchoring phenomena and which of

our questions can we now answer? (Includes Embedded Assessment #4)
Middle School Unit: How Can We Sense So Many Different Sounds From a Distance?

Previous Lesson...Where we have been: Students compared solutions for decreasing the amount of echo in a room and compared them to the drummer’s solutions (results). They developed a model to support
the argument that adding materials, which don't reflect/scatter or transmit sound energy, to the walls and ceiling of a empty room would decrease the loudness of the sounds heard in the room and the loudness
of sounds heard through the wall in another room. They also explored a new phenomenon (bending the end of a paperclip back and forth) and uncovered evidence of temperature increases occurring in the metal.

They used this evidence to argue that the energy of a sound wave absorbed by some materials is converted into temperature increases in that same material (increased random particle motion and increased

thermal energy).

)

This Lesson....What we are doing now: This lesson marks the end of Bend 3. You will help students build a consensus model and summary table of all the scientific principles they figured out
over the course of the unit, and determine which of these would need to be part of an explanation for different phenomena and related questions the class explored over the course of the unit
Q,  |related to: What causes different sounds? How do sounds move across a medium? Why is it easier or harder for some people to hear sounds in some places over others?

Lesson Phenomena Lesson Performance What We Figured Out (CCCs & DCls), New Questions and Next Steps
Question Expectation(s)
L20: How can we All previous Develop and revise a We added the key discoveries we made over the last three lessons to our Incremental Model Tracker and Gotta-Have it checklist.
explain our anchoring | phenomena model to show the . L17: Sound waves radiate outward over a space from a source, leading to a decrease in amplitude (less particle density differences)
phenomena and relationships between the further from the source they travel.
which of our the components of the e  L18: When a sound wave meets the surface between two different materials or conditions (e.g., air to water), part of the wave is
questions can we system (in the anchoring reflected at that surface and another part continues on into the new media.
now answer? event) and their ) L19: When energy is transmitted through a m.ediurn; .some of the energy may be absork?ed by the medium and converted to
(Includes Embedded interactions, including thermal energy (e.g. traveling through air, solids, liquids, and the results of the paper clip)
Assessment #4) how Asound s generatedf We built a summary table of all the science principles we think we need to include in explanations for questions related to:
X how it travels, and how it 1. What exactly causes different sounds?
3 periods: is detected to describe a.  Pushing on an object can deform it; deforming can cause the object to spring back and vibrate (four steps in our
40 min each observable and model).
unobservable b.  Vibrating objects are sound sources.
phenomena. c. Vibrations of different amplitude and different frequency can cause different sounds.
2. How do sounds move from a sound source to our ears?
Construct an Explanation a.  Particle collision — energy transfer
e by applying scientific b.  Compression and expansion of the matter
ideas, principles and c.  Density waves propagating through the medium
o evidence to construct 3. Why s it easier (or harder) for some people to hear sounds in some places than others?
Building toward and revise an explanation a.  Transmission—how the sound gets to your ear
‘ for real world b.  Absorption by the ear detectors—how the ear works and hearing loss
NGSS PEs: h d ¢ ¢.  Radiation—makes sounds quieter farther away due to energy spreading out
NGoo FES phenomena and events ) . .
1-PS4-1 pertaining to how d. Reflect/c?n—rt?dl'rect (echo).some of the energy in t.he wave away or toward y?u .
4-PS4-1 e.  Absorption within the medium—makes sounds quieter the more energy that is converted to thermal energy in the
MS-PS4-1 sounds are created, medium that it travels through to get to your ear
MS-PS4-2 travel (energy), and are
MS-LS1-8 sensed? We took stock of the questions on the driving question board we feel like we can now answer, which included many (except for ones about
electronic devices, which we may decide to investigate further (or not) in bend 4):

‘3 nextgenstorylines.org
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Why do different objects produce different pitch sounds?

Why does the truck speaker make the window move?

Why we could we hear the sound through the water tank even though we were on the outside of it?
Why couldn’t we hear the music when there was no air in the container the sound source was in?
Why do louder sounds lead to hearing loss sooner than softer sounds do?

Why can higher pitch sounds lead to hearing loss sooner than lower pitch sounds?

Why does cupping your hand near your ear help you hear sound better?

Why are sounds harder to hear the farther you are from their sources?

Why can we hear so many different sounds from the spinning record?

We took an end of Bend 3 assessment (developing models and constructing explanations), which we applied to explaining other
sound-related phenomena.

Next steps (optional): We revisit our Driving Question Board to take stock and see that we still have unresolved questions relating to
speakers and microphones. We agree that before wrapping up this unit, we want to take a quick detour and see how we can use what
we’ve figured out to better understand how speakers and microphones work.

Next Lesson...Where we are going: This lesson will mark the start of Bend 4. This is an optional bend to pursue, if your students are interested in answering the questions they have about electronic devices that
produce and detect sound and if you are targeting the digital vs. analog performance expectation (MS-PS4-3). You will help students explore how speakers work and how different amounts of electrical energy
applied at different intervals can force the speaker to vibrate at different frequencies and amplitudes. An optional investigation to construct a homemade speaker is part of this next lesson.
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7] Getting Ready: Materials Preparation

Materials for Each Student Materials for Each Group

e Lesson 20 - Student Activity Sheets (1) e Chart paper or butcher paper
e Previous Gotta-Have it Checklist e Pencils
e Previous Incremental Model Tracker e Markers
e Sound Unit Summative Assessment
e Alist of questions from the DQB that relate to their component of the model (the source, how sound

travels, or the detector). This list will need to be transcribed, and multiple copies made. This will be

a home-learning assignment. (1)

Materials for Teacher Materials for the Whole Class

e Sound Unit Summative Assessment Key e Access to all previous versions of

the class conceptual models
developed during the unit
e Sticky notes
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&' 4 Learning Plan: How can we explain our gl 5 € Teacher Supports & Notes
anchoring phenomena and which of our (40 min each)
questions can we now answer?

Day One

1. (8 min) Begin by having students take out their Gotta Have It Checklist from Lesson 13 and ask
them what are some of the important things that we figured out over the past three lessons that we
want to add to this.

e L17:Sound waves radiate outward over space from a source, leading to a decrease in
amplitude (less particle density differences) the farther from the source they travel.
L18: When a sound wave meets the surface between two different
materials or conditions (e.g., air to water), part of the wave is reflected off that
surface and another part continues into the new media.
L19: When energy is transmitted through a medium, some of the energy may be absorbed
by the medium and converted to thermal energy (e.g. traveling through air, solids, liquids,
and the results of the paper clip)

2. (10 min) Ask students whether these ideas are related to some of the patterns we noticed in our
observations of the anchoring phenomenon.

Suggested Prompts:

=> To summarize our learning at this point, we need to get all of these ideas into one model so that we
can answer our Driving Question: How can I hear/sense so many different sounds from a distance?
This will be a great opportunity for us to review and synthesize all of our learning before doing an
individual assessment of what we each know and can do with what we have figured out so far.
Let’s remember that our driving question has three parts to the model: the source, how sound
travels, and the detector. For each of these there is a sub-question that we can answer to will help
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us pool all of our ideas together:
€ What exactly causes different sounds?
€ How do sounds move from a sound source to my ear (and what happens to them as they do
s0)?
€ Why is easier (or harder) for some people to hear sounds in some places over others?

Tell students that when they are developing the final consensus model, keep those questions in
mind. Agree to work in teams to jigsaw our final conceptual model by addressing each of these
three questions.

Teams of 2 students will each take one component of the final model (across larger teams of 6
students). This will allow for more than one team to work on each component, which will lead to
richer feedback and revisions as students edit their models.

4. (20-25 min) Next, work with students to develop the goals for their work in teams.

Suggested Prompts:

-> What do we think each of our team models should be able to do?

Additional Guidance

B These models and checklists may also
be developed using other platforms that
allow for easy revision. For example,
classrooms with 1 to 1 technology may
elect to have students use a program like
seesaw to develop and share their models.

Listen for student responses such as:

=> C(learly explain how their component of the model works
= Answer all of the questions from the Driving Question Board for this component
=> Match our ‘gotta-have checklist’ for all the components of the model H

Suggest that students may want to include multiple people or multiple ears/sensors in the model
to help explain different sound-related phenomena with the model.

Suggested Prompts:

/ . These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @
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http://creativecommons.org/licenses/by/4.0/

Lesson 20: How can we explain our anchoring phenomena and which of our questions can we now answer?

Teacher Guide v2.1
Middle School Unit: How Can We Sense So Many Different Sounds From a Distance? Feb. 2018

=> Asyou're working with your team, keep these questions in mind to guide your work:
€ What is on the ‘gotta have checklist’ for your component of the model?
€ Does your model answer all of your group’s questions from the Driving Question Board?
@ s your model clear? Is there text to support when necessary?

As students work in their teams, ask questions to guide them to include all of the necessary
components in their models. Encourage students to be as detail-oriented as possible, so that when
each team shares with the whole class, we can construct the strongest consensus model possible.

Suggested Prompts:. E

=> Can you say more about this? Can you give an example from something we studied in class?
=> Does this answer all of the questions from the Driving Question Board for this component?

=> (Can you talk me through your model? What do you mean by that? How can we show that in the
model?

Day Two

5. (10 min) After allowing students some work time, pause to allow students to gallery walk the
models and provide feedback to other teams. Some students may have a complete model, while

others may still be under development. This process of providing feedback will be useful for teams

fth ﬁ& Differentiation Strategies
at any stage of the process. and Alternate Activities

Suggested Prompts: For students in need of language
support, you may elect to provide feedback
sentence starters that students can use
during the gallery walk. (e.g. This was clear
because... I am confused here because... I
think you may be missing...)

=> Asyou visit each team’s model, use the sticky notes to leave specific feedback for the team. This
can be positive feedback about things in the model that are really clear, or it can be constructive
feedback about pieces that might still be confusing or missing.

Set a timer to allow students 1 minute at each model. Allow students to visit and give feedback for
as many models as time will allow.

‘/ . These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @ @
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6. (5 min) Begin by allowing students to meet with their teams to synthesize their feedback from
the gallery walk.

7.(20-22 min) Once students have revised their models, regroup to develop the final consensus
model. Begin by having each team post their component of the model on the board. You should

have 2-3 team models for each component. Use these team models to develop the consensus model

and “gotta-have checklist” for each of the three components. Final models may vary across
classrooms, but the Sample Final Consensus Model and Sample Gotta Have Checklist are useful

resources to guide your thinking.
When developing the final consensus model, keep the following ideas in mind:

1. What exactly causes different sounds?
a. Pushing on an object can deform it, deforming it can cause it to spring back and vibrate (four steps in
our model)
b. Vibrating objects are sound sources
c. Different vibrations of different amplitude and different frequency
2. How do sounds move from a sound source to my ear (and what happens to them as they do so0)?
a. Particle collision = energy transfer
b. Compression and expansion of the matter
c. Density waves propagating through the medium
3. Whyis easier (or harder) for some people to hear sounds in some places over others?
Transmission - how the sound gets to your ear.
Absorption by the ear detectors - how the ear works and hearing loss
Radiation - makes sounds quieter farther away due to the energy spreading out
Reflection - redirect (echo) some of the energy in the wave away or toward you
Absorption within the medium - makes sounds quieter the more energy is converted to TE in the
medium that it travels through to get to your ear.

cpoge
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@ Strategies for this

Consensus Building Discussion

During the development of the final
consensus model, remember that the goal
is to support students in developing a
visual representation of what they’'ve
discovered throughout the unit. As much as
possible, try to facilitate the creation of the
model based on the student conversation
and ideas. It may be helpful to use some
specific talk moves when planning to
implement this lesson (e.g. Can you say
more about that... Can you give an
example... Does it always work like that...
Who can add onto the idea that we're
building here...)
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: ‘ . . . provide remediation during bend 4. And
multiple copies made. Ask students to put a “+” sign near each question that this model could help
us now answer and that you feel confident in using the model we developed today to answer. Tell
students that some of these question will be on the individual assessment tomorrow.

the last lesson in bend 4 contains another
opportunity for students to demonstrate
the application of the ideas on this
Summative Assessment in the context of
the Anchoring Phenomenon.

Day 3

9. (40 min) Students will work to complete the Unit Post Assessment. ﬂ

If your class will be moving on to Bend 4, you may elect to revisit the Driving Question Board to
highlight unresolved questions relating to speakers and/or microphones.
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M Alignment With Standards

Building Toward Target NGSS PE

1-PS4-1. Plan and conduct investigations to provide evidence that vibrating materials can make sound and sound can make materials vibrate.
[Clarification Statement: Examples of vibrating materials that make sound could include tuning forks and plucking a stretched string. Examples
of how sound can make matter vibrate could include holding a piece of paper near a speaker making sound and holding an object near a
vibrating tuning fork.]

4-PS4-1. Develop a model of waves to describe patterns in terms of amplitude and wavelength and that waves can cause objects to move.
[Clarification Statement: Examples of models could include diagrams, analogies, and physical models using wire to illustrate wavelength and
amplitude of waves.]

5-PS1-1. Develop a model to describe that matter is made of particles too small to be seen. [Clarification Statement: Examples of evidence
supporting a model could include adding air to expand a basketball, compressing air in a syringe, dissolving sugar in water, and evaporating
salt water.]

MS-PS4-1. Use mathematical representations to describe a simple model for waves that includes how the amplitude of a wave is related to the
energy in a wave. [Clarification Statement: Emphasis is on describing waves with both qualitative and quantitative thinking.]

MS-PS4-2. Develop and use a model to describe that waves are reflected, absorbed, or transmitted through various materials. [Clarification
Statement: Emphasis is on both light and mechanical waves. Examples of models could include drawings, simulations, and written
descriptions.]

MS-PS3-5. (Partial) Construct, use, and present arguments to support the claim that when the kinetic energy of an object changes, energy is
transferred to or from the object. [Clarification Statement: Examples of empirical evidence used in arguments could include an inventory or
other representation of the energy before and after the transfer in the form of temperature changes or motion of object.]

/ v ) These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @ @
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to make all these different sounds?
Middle School Unit: How Can We Sense So Many Different Sounds From a Distance?

Previous Lesson...Where we have been: This lesson marked the end of Bend 3. You helped students build a consensus model and summary table of all the scientific principles they figured out, and determined
which of these would need to be part of an explanation for different phenomena and related questions that the class explored over the course of the unit related to: What causes different sounds? How do sounds
move across a medium? Why is it easier or harder for some people to hear sounds in some places over others?

3!

This Lesson...What we are doing now: This lesson will marks the start of Bend 4. This is an optional bend to pursue, if your students are interested in answering the questions they have about
electronic devices that produce and detect sound and if you are targeting the digital vs. analog performance expectation (MS-PS4-3). You will help students explore how speakers work and how
Q,  |different amounts of electrical energy applied at different intervals can force them to vibrate at different frequencies and amplitudes, using a battery, speaker, and alligator clips.

Lesson
Question

Phenomena

Lesson Performance
Expectation(s)

What We Figured Out (CCCs & DCls), New Questions and Next Steps

L21: Can a single
object, like a
speaker or a
needle, really be
forced to make all
these different
sounds?

1 period:
(40 min)

&

Building toward

}
NGSS PEs:
1-PS4-1
MS-PS4-3
MS-PS3-5
MS-PS4-1
MS-PS2-3

Previous truck speaker
and window vibration
video.

Speaker deconstruction
(optional)

A video clip provides
evidence of the type of
changes in the
vibrations that can be
seen in a speaker cone
when it plays sounds of
different volumes and
sounds of different
frequencies.

A speaker cone is
deformed when
electrical energy is
supplied to it.

Conduct an
investigation to produce
data to serve as the
basis for evidence to
answer scientific
questions raised in our
last lesson about the
predicted patterns we
expect to find between
the amplitude and
frequency of vibrations
of the stereo speaker
and the type of sounds it
produced in terms of
volume and pitch.

We looked back at the speaker and the truck phenomenon and reviewed our predictions about what we should see the speaker doing when
it produces sounds of different loudness or different pitches. But we wanted to confirm our predictions too; so we decided one easy way to
do that would be to take apart or look inside a speaker to see if it was doing this as it produced these different sounds.

We took the grill off of a physical speaker and noticed patterns in its structure (a cone) and in the patterns in the motion of the cone of the
speaker as it produced sounds.

e  The amplitude of vibration was greater for louder sounds.

. How fast the speaker moved back and forth (if frequency of vibration) changed for the different pitch notes produced.

We made a prediction that the speaker is being forced to vibrate back and forth in lots of different ways because of something related to the
electrical energy it is provided when it is hooked up to an electronic device.

We conducted an investigation to explore this with a battery, wires, and a speaker and noticed some patterns:
. Hooking a source of electrical energy (a battery) to the speaker makes the cone deform.
. We could change how fast it deformed back and forth, by changing how frequently we connected/disconnected the battery to it.

We argued from evidence that:
. Applying electrical energy to a speaker makes it deform; the more energy we apply to it the further it would deform; this would
affect the amplitude it can be forced to vibrate.
. Changing the rate that we provide and remove electrical energy to the speaker affects how frequently it moves back and forth;
this would affect the frequency it can be forced to vibrate.

This raised some new questions, which we investigated further in a Home-Learning: What is inside the iPod/computer/phone that knows
how to make the music? How do these electronic devices record and play back things like sounds anyway?

Next steps: We argued that if we could take apart a speaker and see how it works, and/or rebuilt it, that this too might help us better
understand how electrical energy is used to make the speaker move.

Next Lesson...Where we are going: Students will analyze two videos of people taking apart speakers to find patterns in the structures found in both. They will use these structures (a magnet, a wire coil, and a
cone/plate] to build a homemade speaker to test how different materials or shapes for the cone affect the quality of sound produced.

@@ nexigenstorylines.org
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Getting Ready: Materials Preparation

LS
|

Materials for the Whole Class

e Full video of music in the truck

e Lesson 21 -Video of speaker motion:
https://www.youtube.com/watch?v=]2BUvWRCBGM

e A small speaker to pass around

Optional:

e A stereo speaker with a grill removed/dislodged/unscrewed
to easily remove for students to see behind (Goodwill sells
these for ~$3)

Materials for Each Student

Preparation of Materials (10 to 20 min)

e 10 min: Make a bin of materials for each group of students to use; see
below)

e Add an additional 10 min. of prep time to test the speaker with the grill
removed hooked up to your computer to see if it plays music and you can
see (or feel) the paper cone move

Materials for Each Small Group of 3 students

e Lesson 21 - Student Activity Sheets (1)
e Lesson 21 - Reading (1)

e Bin of materials that contains:
o 1 Small speaker
o 2 alligator clips
o 1 AA battery holder with an AA battery already inserted in it.

These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty
Moore Foundation, and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern

This work is licensed under a Creative Commons Attribution
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&' 4« Learning Plan: Can a single object, like a speaker (el € Teacher Supports & Notes
or a needle, really be forced to make all these (40 min)
different sounds?

1. (5 min) Begin by revisiting the full video of the music in the truck making the storefront
windows vibrate.

Suggested Prompts:

=> Let’s go back to some of the claims we made in previous lessons about the stereo speaker. We
claimed that differences in the amplitude of vibrations and differences in the frequency of
vibration can explain how the speaker makes all the different sounds it made. This is the same
explanation we gave for how the needle on the record can make all those different sounds. But,
how would we know for certain that what we are claiming a speaker is doing, is actually what it is
doing? How could we find out? Additional Guidance

Have students turn and talk with a partner for a few minutes to brainstorm ideas, and then

.. Optional: If you have a speaker
regroup to share some of their ideas.

available that you can take apart, invite
Listen for student responses that refer to the following: students to see what is behind the grill by
removing it and showing them the

= Play a speaker and watch it structures behind it.

= Ask someone who makes/installs speakers

=> Take the speaker apart and look inside The grill protects a fragile cone/plate that
is vibrating when sounds are being
produced. You may want to have some (or
2. (5 min) Tell students that most speakers have a grill on the front of them that you have to all) students touch this lightly as it is
remove to see the structures behind it. i playing sounds. If you have them feel it, tell
them to be cautious because it can tear
easily.

Have students come around to see a small speaker. Tell them this is similar to the size of speaker
they can find in a large set of headphones. Tell them that they will be using it in the investigations
today, and before passing a few of them around the circle, emphasize that the surface is fragile and
that all pens and pencils should be put away when they pass it around, and to hold the bottom of

i These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty This work is licensed under a Creative Commons Attribution = e
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the speaker (on the metal plate, but not to push on the cone).

3. (5 min) Tell students that you will show them a slow motion video of that surface they saw (the
front part of a speaker when the grill is removed from the front of it) in a moment when it is
producing sound.

e Play video once without sound (muted).

e Have them discuss the two observations questions with a partner before playing the video
again.

e Then, play the video a second time with sound on so that students can match their visual
observations with auditory ones.

4. (15 min) Have students complete the prediction questions and then read through the procedure
once. Then, ask if they have any questions.

Have one person from each group of students (every three students) come up to get a supply bin.
Have students complete the second investigation and the making sense questions with their small
group.

6. (7-10 min) Record these ideas in the incremental model tracker or in the conclusions section of
the student activity sheet.

e Applying electrical energy to a speaker makes it deform; the more energy we apply to it, the
further it would deform; this would affect the amplitude it can be forced to vibrate.

e Changing the rate that we provide and remove electrical energy to the speaker affects how
frequently it moves back and forth; this would affect the frequency it can be forced to
vibrate.

/ H These materials were developed through with support from the Michigan Department of Education; the Gordon and Bett) This work is licensed under a Creative Commons Attribution
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Tell students that additional questions about how exactly an electronic device knows how to
produce the right amount of electrical energy to send to a speaker will be part of what they figure
out in the Home Learning tonight.

Ask students to turn and talk with a partner about this question, “What questions could we answer
by dissecting a speaker further and/or trying to build our own?”

Then, ask the class if we should try and do that next time.

H These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty This work is licensed under a Creative Commons Attribution
nextgenstorylines.or ; : . .
@ g y g Moore Foundation, and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern 4.0 License hitp://creativecommons.org/licenses/by/4.0/
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MW Alignment With Standards

Building Toward Target NGSS PE(s) Building Toward Common Core Standards) ELA

e 1-PS4-1. Plan and conduct investigations to provide evidence Comprehension and Collaboration:

that vibrating materials can make sound and that sound can
make materials vibrate.

MS-PS4-1. Use mathematical representations to describe a
simple model for waves that includes how the amplitude of a

CCSS.ELA-LITERACY.SL.6.1

Engage effectively in a range of collaborative discussions
(one-on-one, in groups, and teacher-led) with diverse partners
on grade 6 topics, texts, and issues, building on others' ideas
and expressing their own clearly.

wave is related to the energy in a wave.
e (CCSS.ELA-LITERACY.SL.6.1.B Follow rules for collegial

discussions, set specific goals and deadlines, and define
individual roles as needed.

e MS-PS4-3. Integrate qualitative scientific and technical
information to support the claim that digitized signals are a more

reliable way to encode and transmit information than analog
signals. e (CCSS.ELA-LITERACY.SL.6.1.C Pose and respond to

specific questions with elaboration and detail by making
comments that contribute to the topic, text, or issue
under discussion.

e MS-PS3-5. (Partial) Construct, use, and present arguments to
support the claim that when the kinetic energy of an object
changes, energy is transferred to or from the object.

These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty
Moore Foundation, and support from the NGSX Project at Clark University, Tidemark Institute, and Northwestern
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Previous Lesson... Where we have been: This lesson will mark the start of Bend 4. Students explored how speakers work and how different amounts of electrical energy applied at different intervals can force
them to vibrate at different frequencies and amplitudes, using a battery, speaker, and alligator clips.

<

This Lesson... What we are doing now: You will help students examine the components of a speaker by analyzing two videos of disassembling a speaker. Students will assemble and test this
5 system of three parts. They will find that it plays music from various electronic music players.

(=]
Lesson Phenomena Lesson Performance What We Figured Out (CCCs & DCls), New Questions and Next Steps
Question Expectation(s)

L22: What else is
inside a speaker
that makes it
move?

1 period:
40 min

O

Building
toward

4
NGSS PEs:
1-PS4-1
MS-PS4-3
MS-PS3-5
MS-PS4-1
MS-PS2-3

Two videos show the
electronic speaker
being dissected.

A homemade speaker
built out of magnets,
an insulated wire coil,
and a cup/plate, plays
music from an
electronic music
player when hooked
up to the ends of a
striped aux. cord.

Design a solution: Apply
scientific ideas to design,
construct, and test the
design of different objects
(structures) to determine
which produces better
sound quality (function)
when hooked up to a coil
of wire and a magnet
when plugged into an
electronic music device to
play back music stored on
the digital device.

Taking the grill off a speaker and seeing what was inside that appeared to vibrate when it produced sounds raised more questions: How does
that happen? How is the cord going from the iPod/computer/phone to the speaker getting the speaker to move?

We thought maybe there was something inside the speaker (perhaps electronics) that makes it vibrate, so we decided to inspect what is inside
the speaker further. We watched two videos of people taking apart speakers. We noticed a pattern between the structures in the speakers:
° Each had a coil of wire, a magnet, and a surface that the coil or magnet was attached to (a cone, pad, or plate).

We wondered if putting these three structures together would make it function as the speaker does when we hook it to an electronic music
device (tablet, phone, etc.). We were a bit skeptical that hooking those three things up would make a functioning speaker system for
something like a smartphone, but we wanted to try.

We conducted an investigation following a simple procedure and discovered some interesting patterns in designs that produced sound:
. Using hot glue to attach a wire coiled in many loops to an object and then connecting the wires on an aux cord to the ends of the
wire coil, we can turn that assembly into a speaker that plays music when we bring a magnet near the center of the coil of wires.
. Different objects can be made to vibrate and produce sound from a electronic music source.
o  The material and shape of the object used as a cone/plate seems to affect the quality of sound produced.

We argued from evidence:
e  The interaction between magnets and variation in the amount of electrical energy provided to the coil of wire somehow is
converted to motion, which produces vibrations which produce sound.
. Maybe similar structures are in a microphone.

Next step: We want to figure out what is in a microphone and how that works and how it compares to a speaker. We know that for the
music player it is energy that is being sent through the wires that makes the speaker vibrating. We also want to know how the music player
“knows” how to make the object that is vibrating move the way it needs to in order to produce a sound. We will investigate this a bit more
through our home-learning readings.

Next Lesson... Where we are going: This lesson will mark the end of Bend 4. Students will compare how early recordings were made vs. how digital recordings are made today. They will evaluate the advantages
and disadvantages of analog vs. digital forms of audio information for recording, storage, copying, transmission, and playback.

@ nextgenstorylines.org
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v —

Getting Ready: Materials Preparation for Teacher

Materials Needed for Teacher Prep

30-50’ of magnet/electromagnet
wire (this is a very thin, enamel
coated copper wire). Do not use
uncoated copper

wire. You can

order it in bulk

for about $7. That

is enough for 50’

for every group,

and 128 groups,

which is plenty

for 50 winds of the wire.
Sandpaper or steel wool

Tape

Lighter or matches

Wire stripper

1 stereo audio cable (auxiliary
cord) for every 2-4 students.
One cord like the following (link
here) will provide 2 pieces for
groups to work with once you
cutitin half. (1 per group).

Teacher Preparation (60-90 min)

There are two sets of wires you will need to prepare Lesson 22 - Teacher Video A -
Speaker Prep.mov shows how to do both preparations below.

Preparation #1:

1.
2.

Take the stereo audio cable auxiliary cord. Cut the cord in half.

On each half strip the two wires inside the cord to expose the wire inside them.
This will give you 2 pieces.

Repeat this for another cord, until you have 1-2 pieces for every group of 4
students.

Preparation #2:

1.
2.
3.
4

5.

Cut off a 10 m to 20 m. long piece of magnet/electromagnet wire.

Coil it around and around, making a series of 1” to 1.5” diameter loops.

Tape the looped coils together, but leave about 6” of each end of the wire loose.
Use a lighter or match to burn the end of the wires (this will melt the enamel
covering off of them).

Sand or steel wool the end of wires until you see copper.

Repeat these steps to make another coil. Make enough coils for every group of 2 students
to have one to work with. You can make more if you wish. Have students save and reuse
coils between classes and between experiments.

Make sure you build your own speaker first (see directions on the next page) and test it to
make sure you can get one working before having students try the same. Watch Lesson 22
- Optional video B - Speaker Build.mov if you need another example.

@ nextgenstorylines.org
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Getting Ready: Materials Preparation for Students

EEXY
|

Materials for Each Materials for Each Group Materials for the Whole Class
Student
e 2 alligator clips For the start of the lesson:

e Lesson 22 - e Auxiliary cord - clipped, stripped, _ _ _ _
Student Activity and sanded at one end (see e Lesson 22 - D¥ssect¥ng the first speaker v1de.o.
Sheets (1) previous page) e Lesson 22 - Dissecting the second speaker video.

® Reading 22 (1) e Astackof 5 circular ceramic. For common supblies for the sroups:

magnet(s) and/or a neodymium = =

e Optional: Lesson magnet e Materials for making cones such as:

22 - Optional ® Acoil of e Plastic and paper cups made of different materials
video B - Speaker electromagnet wire e Plastic lids

Build.mov (this is already coiled and e Paper and plastic bowls

a short video stripped at the end e Paper and plastic plates

showing how to taped to keep its e Cardboard

put the speaker shape e Aluminum foil

pieces together) e 1 glue gun e Tape

e A electronic device to play music
(phone, mp3 player...) out of the
“headphone jack” (this is a jack for
an aux. cord)

7 H These materials were developed through with support from the Michigan Department of Education; the Gordon and Bett This work is licensed under a Creative Commons Attribution
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<> Getting Ready: Teacher Preparation

Alternative Student Conceptions Linking Our Understanding to Scientific
Terminology
Here is an additional video clip that demonstrates other investigations and some e Electromagnet
potential extensions: https://m.youtube.com/watch?v=00GzczOWu60 o o el

e Digital (in the reading)
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& 4 Learning Plan: What is inside a speaker that L2080 ¢ Teacher Supports & Notes
makes it vibrate and produce different sounds?

a

1. (2-3 min) Motivate the need to dissect the speaker further (and put it back together) in order to
figure out more about how it works.

Suggested Prompts:

=> How could taking apart a speaker even more help us figure out how it might work?
=> How could that help us figure out how to build our own?

Listen for student responses that refer the following:

= We could see what parts are inside of it, and maybe that would give us clues of how it works.

2. (8 min) Tell students that you will show two videos, each under 2 minutes, of someone dissecting
a speaker. Ask them to keep track of any structures they notice in the videos, so we can use that
information to try and build our own speakers out of similar structures.

Show both videos:
e Lesson 22 - Student Video 1 - Dissecting the first speaker video.
e Lesson 22 - Student Video 2 - Dissecting the second speaker video.

Ask students what some of the parts that they saw or heard are in both videos.

Listen for student responses that refer the following:

= Wire coil
=> Magnet

H These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty This work is licensed under a Creative Commons Attribution i e
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= (Cone
Emphasize that they may have heard other parts mentioned in the video too, but that with just these
three parts: a wire coil, a magnet, and something to serve as a cone, we are going to try to build our

own speakers.

Suggested Prompts:

=> If we put those three parts together: a coil of wire (a voice coil) and a magnet together on some kind
of object like a plate, pad, cone, bowl], or cup, and hooked it to a electronic music player, do you think
it would vibrate and produce music and words?

=> Should we try that? Should we try and build our own speakers?

Listen for student responses that refer the following:

= Maybe it would make music, but it seems kind of hard to believe it would.
=> Should we build our own speakers? For real? Oh yes, let's do that!

3. (7 min) Read through the three main steps on page 1 of the student Activity Sheets with students,
shown next to the photograph of what students will be building.

Emphasize that you have lots of supplies besides (or in place) of cups to try as a surface that might
vibrate and produce sound. Suggest that maybe some surfaces or objects might work better than
others. Encourage students to think about how they could maybe even build their own “speaker”
shape to try out of the group supplies available (e.g. foil, paper, plastic, tape, etc...).

Give students a couple minutes in groups of to plan alternate types of objects they want to test as
“cones”.

4. (15 min) Read the top of the 2nd page of the student activity sheet with students, saying, “Now that

H These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty This work is licensed under a Creative Commons Attribution
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you know what the 3 main parts of a speaker are, you will need to follow a more detailed procedure to build
your 1st speaker. Work in teams of 4-5 people. Have one pair of students try your 1st object (in place of the
plastic cup shown above), and have the other pair of students try your 2nd object. Each pair of students
should try to build their own speaker, so that the group can compare results from both objects they tested.”

Have students work in groups to follow the procedures on their student activity sheets and record
their observations as they test their devices. Allow time for having students take the wire coil off the
object they attached it to and return the supplies for the next class to use.

5. (5 min) If no students built a working device, demonstrate the one you built now. Have students
briefly summarize some of the interesting patterns we figured out from this investigation. Connect
this back to what students read in the Home-Learning from last night.

Suggested Prompts:

=> Why would attaching ends of the coil of wire in your device to wires coming out of an electronic
device like a smartphone or a computer get it play songs?

=> How is the music in an electronic device like a smartphone or computer stored inside of it so that it
can play it back later?

Listen for student responses that refer the following:

= Changes in the amount of electrical energy coming from the electronic device cause the speaker to
vibrate at different frequencies and amplitudes.

= What amount of electrical energy to send to the speaker at what times is stored in a digital file in the
electronic device (as numbers).

Tell students that, “Dissecting a speaker helped us find 3 key structures that work together to
convert electrical energy to motion (vibrations) in order to produce different sounds. Turn and talk
with a partner: What structures would you expect to find in a microphone or hearing aid if you
dissected it?” Tell students that we are going to investigate these ideas and questions further in a

Additional Guidance

Based on what we have seen in
previous pilots of this unit, students want
to stick with this task to see if they can get
their speaker working.

One option for this is to put the
equipment to the side for now, and return
to trying to build it again on a day when
you have a half period, or extra time.

Another option is to encourage students
to come in outside of class to work on it
(in study hall, before school, etc...)

A final option is to extend step 4 to the
end of the period, and then follow-up on
step 5 at the start of the next period.

It is not recommended that you extend
step 4 into a 2nd class period, however, as
building a working speaker is not
essential to the learning goals in NGSS.
Rather, it is designed to motivate a need
to figure out how digital electronic
devices record, store, transmit, and play
back information and compare these to
analog devices. The foundation for that
was laid in a previous reading, and is built
upon further in the subsequent reading.
So make sure to assign the Lesson 22
reading for tonight, after step 4, even if
you don’t wrap up step 5 until the
following day.

These materials were developed through with support from the Michigan Department of Education; the Gordon and Betty
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home-learning tonight. Assign Lesson 22 - Reading for home-learning.

W Alignment With Standards

Building Toward Target NGSS PE Building Toward Common Core Standards ELA
e 1-PS4-1: Plan and conduct investigations to provide evidence that Comprehension and Collaboration:
vibrating materials can make sound and that sound can make materials CCSS.ELA-LITERACY.SL.6.1
vibrate. Engage effectively in a range of collaborative discussions
(one-on-one, in groups, and teacher-led) with diverse
e MS-PS4-3: Integrate qualitative scientific and technical information to partners on grade 6 topics, texts, and issues, building on
support the claim that digitized signals are a more reliable way to encode others' ideas and expressing their own clearly.

and transmit information than analog signals.
e CCSS.ELA-LITERACY.SL.6.1.B: Follow rules for
e MS-PS3-5: (Partial) Construct, use, and present arguments to support the collegial discussions, set specific goals and
claim that when the kinetic energy of an object changes, energy is deadlines, and define individual roles as needed

transferred to or from the object.
e (CCSS.ELA-LITERACY.SL.6.1.C: Pose and respond to

e MS-PS4-1: Use mathematical representations to describe a simple model specific questions with elaboration and detail by
for waves that includes how the amplitude of a wave is related to the making comments that contribute to the topic, text,
energy in a wave. or issue under discussion.

e MS-PS2-3: Ask questions about data to determine the factors that affect
the strength of electric and magnetic forces.
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long ago vs. now? (Includes Optional Embedded Summative Assessment #5)
Middle School Unit: How Can We Sense So Many Different Sounds From a Distance?

Previous Lesson...Where we have been: Students examined the components of a speaker by analyzing two videos of disassembling a speaker. Students assembled and tested this three-part system, and found
that it plays music from various electronic music players.

3!

This Lesson....What we are doing now: This lesson marked the end of Bend 4. You will help students compare how early recordings were made vs. how digital recordings are made today.
5 Students will evaluate that advantages and disadvantages of analog vs. digital forms of audio information for recording, storage, copying, transmission, and playback.

o
Lesson Phenomena Lesson Performance What We Figured Out (CCCs & DCls), New Questions and Next Steps
Question Expectation(s)

L23: How were audio
recordings made,
copied, and played
back long ago vs.
now? (Includes
Optional Embedded
Summative
Assessment #5)

1-2 periods:
40 min each

Recommended: an
additional full period
beyond this to
look back on your
earlier work and
reflect on how much
you’ve accomplished.

&

Building toward

4

Historical descriptions
and video clips show
Edison wax cylinders
being etched by an
early recording device,
and the cylinder then
being used to play back
the song that was
recorded.

A video clip shows how
vinyl records are copied
today.

Obtain, Evaluate, and
Communicate information:
Critically read scientific texts
(historical descriptions) adapted
for classroom use and video to
determine the structures and
their related functions in the
earliest devices for making
analog recordings of sound
(designed world).

In our home-learning, we figured out that cochlear implants have structures that function similar to damaged structures in the
cochlea, and that microphones have similar structures to a speaker, but work in reverse.

We revisited the record from the first lessons and brainstormed: How did they record music before there were microphones
and digital recording devices? How did they make plastic records before computers were available? And did people figure out
any other ways to make audio recordings before that?

We then looked at videos and historical descriptions of the first invention for recording sounds—the Edison cylinder, as well as
the material breakthrough that allowed for the replacement of vinyl for wax/foil. We developed and revised a model of how we
think it records and plays back sounds using a the cone, needle, and wax/foil cylinder.

We compared this form of information (analog) recording, storage, and playback and argued that:
. It is harder to record analog information on a record than it is in a digital file using an electronic device.
. It is harder to copy analog information on a record than it is from a digital file using an electronic device.
. Itis harder to send analog information to faraway places than it is in a digital file using an electronic device.
) It is easier to damage a record of analog information (a record) than it is in a digital file using an electronic device;
but digital files can accidentally be deleted and records can not.

Optional: After this lesson we wrapped up our storyline by:
. Sharing out the % of questions you our class felts we figured out an answer to.
(] Looking back on our earlier work and reflect on how much we’ve grown.
. Celebrating what we accomplished working together.
) Reflecting on what was hard and what was rewarding, and what goals our learning community has for the next
storyline we embark on!

‘3 nextgenstorylines.org
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NGSS PEs:
1-PS4-1
MS-PS4-2.
MS-PS4-3.

EEXY

Materials for Each Student

Getting Ready: Materials Preparation

Materials for the Whole Class

e Lesson 23 Student Activity Sheets (1)

e A copy of the Driving Question Board
questions for student to refer to along
with a copy of the categories to
classify the questions they answered
(see 2nd to last step in the teacher
guide. (1)

Video to watch: https://www.youtube.com/watch?v=CJXDtrq4McY ), but pause at 3:40 and
jump to 5:10 and resume playing and pause again at 8:00.

The first 2:30 of this video to show how records are copied:
https://www.youtube.com/watch?v=E8811tlo9u0

Image to project:

https://en.wikipedia.org/wiki/Vinyl revival#/media/File:Global Vinyl Sales Graph In US$.png
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Middle School Unit: How Can We Sense So Many Different Sounds From a Distance?

<> Getting Ready: Teacher Preparation

Notes on Optional Embedded Summative Assessment #5

Optional: For students who you think should provide additional assessment opportunities, you can use the edison cylinder phenomena to have students
develop a model and explanation for any (or all) of the following questions:
e How is music recorded on this cylinder?

e How is it played back?
e Why would it be easier to hear the music standing in front of the cone as it is being played back, rather than standing to the side of it?
[ ]

Why would it be easier to hear the music standing in front of the cone as it is being played back, if you were inside a room than if you were outside,
even if you were the same distance from the cone?

These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution 272
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&' 4 Learning Plan: How were audio recordings |2 d S € Teacher Supports & Notes
| . c

made, copied, and played back long ago vs. (40 min each)

now?

1. (2-3 min) Ask students to use what they read about in the reading to share how the structure
and function of a microphone compares to a stereo speaker.

Suggested Prompts:

=> How do the structures of a speaker and microphone compare?
=> How do their functions compare?

Listen for student responses that refer to the following:

=> They have the same basic three structures: a wire coil, a magnet, and a cone.
=> One is the same as the other, but flipped around.

=> The speaker converts patterns in electrical energy to sounds.

=> The microphone converts sounds into patterns in electrical energy.

Summarize the idea that the structure of the microphone and of the speaker are almost identical.

Tell students that they could do an interesting test tonight if they have a set of external
microphone or speaker for a phone or computer, if they wish, “If you plug in a speaker into a
microphone jack, you should be able to use it as a microphone. And if you plug a microphone into a
speaker jack, it should produce sounds”

2. (10 min) Tell students that we’ve read a bit about how digital signals are produced and detected
and recorded using these devices. But, we've never really gone back and explained how a
non-digital recording is made. Hold up the record from the first lesson.

Tell students that, “This record was made before there were digital computers, and before there
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were electronic speakers and microphones. It is a non-digital recording, which engineers refer to
as an analog recording. We are going to think about how analog information is made and how that
could be recorded without a computer. I am going to show you a photograph of the device that
Thomas Edison created to make the first recordings of music and voices. It is similar to some of the
devices that Alexander Graham Bell and his research team were working on inventing too.”

Project Lesson 23 - PI - Edison Cylinder as you pass out Student Activity Sheets.
Read through the text on history of this device.

Have students draw a prediction of how this device works.

(3-4 min) Have students read the next section independently.

(4 min) Have students turn and talk with a partner about this question, “What new information did
this reading provide you to help you figure out how this device worked?”

(6 min) Show the Edison recording recreation video
(https://www.youtube.com/watch?v=C]XDtrq4McY ), but pause at 3:40 and jump to 5:10 and
resume playing and pause again at 8:00.

Give students a couple minutes to write their ideas down on a piece of paper.

5. (10 min) Tell students that for home-learning they will evaluate which format of audio
recording is easier to record, store, copy, and playback - an analog record or digital music file.

‘/‘ 3 These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @ @ 274
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Ask students to take a few minutes and share with a small group their own experiences they have
had doing any of the following:
e Making an audio recording on a computer.
e Storing an digital audio recording on a computer or flash drive.
e Copying an audio file on a computer and/or sending an audio recording to someone over
the internet.

Remind students that though we now have lots of experience in seeing how an analog recordings
like the edison cylinder were made, and how vinyl records are played, they haven’t yet seen how
vinyl records are copied.

Show the first 2:30 of this video to show how records are copied:
https://www.youtube.com/watch?v=E88I1tlo9u0

Ask students to complete the last page of the student activity sheets as home-learning. Encourage
students to talk to parents or older friends of the family and ask them their opinions about each of
these questions.

(5 min) Pass out a copy of the questions from the driving question board also as home-learning.
Have students mark the questions that they feel we have answered as a class, by putting the
following symbols next to each:

? We did not answer this v  Ourclass answeredsome | ¥ ¢ Our class answered
question, or any parts of it parts of this question or the this question or the ideas we
(yet). ideas we developed help me developed help me see how I
see how I could now answer could now answer this
some parts of this question. question.
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Last day of the unit (as much time as needed)

Share the amount of questions the class thinks they have an answer for now.

Look back on your earlier work and reflect on how much you’ve grown.

Celebrate what you accomplished working together.

Reflect on what was hard and what was rewarding and what goals our learning community
has for the next storyline we embark on.

Optional: For students who you think should provide additional assessment opportunities, you can
use the edison cylinder phenomena to have students develop a model and explanation for any of
the following questions:
e How is music recorded on this cylinder?
e How is it played back?
e Why would it be easier to hear the music standing in front of the cone as it is being played
back, rather than standing to the side of it?
e Why would it be easier to hear the music standing in front of the cone as it is being played
back, if you were inside a room than if you were outside, even if you were the same distance
from the cone?
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MW Alignment With Standards

Building Toward Target NGSS PE

Building Toward Common Core Standards ELA

e 1-PS4-1: Plan and conduct investigations to provide evidence that
vibrating materials can make sound and that sound can make materials
vibrate.

e MS-PS4-2. Develop and use a model to describes how waves are
reflected, absorbed, or transmitted through various materials.

[Clarification Statement: Emphasis is on both light and mechanical waves.

Examples of models could include drawings, simulations, and written
descriptions.]

e MS-PS4-3: Integrate qualitative scientific and technical information to
support the claim that digitized signals are a more reliable way to encode
and transmit information than analog signals.

Comprehension and Collaboration:
CCSS.ELA-LITERACY.SL.6.1

Engage effectively in a range of collaborative discussions
(one-on-one, in groups, and teacher-led) with diverse
partners on grade 6 topics, texts, and issues, building on
others' ideas and expressing their own clearly.

e (CCSS.ELA-LITERACY.SL.6.1.B: Follow rules for
collegial discussions, set specific goals and
deadlines, and define individual roles as needed

e (CSS.ELA-LITERACY.SL.6.1.C: Pose and respond to
specific questions with elaboration and detail by
making comments that contribute to the topic, text,
or issue under discussion.

v . These materials were developed through with support from the Gordon and Betty Moore Foundation to Northwestern This work is licensed under a Creative Commons Attribution @ @ 277
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