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Translating words into learning opportunities
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PS3.B: Conservation of 
Energy and Energy Transfer 
When objects collide, 
energy can be transferred 
from one object to another, 
thereby changing their 
motion…



Translating individual opportunities into 
trajectories of learning
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PS3.B: Conservation 
of Energy and 
EnergyTransfer 
When objects collide, 
energy can be 
transferred from one 
object to another, 
thereby changing 
their motion…

Coherent lessons across unit

Units repeating and building 
on big ideas across year

Cumulative learning across 
school career



What we’ll explore during our 
time together

• How can NGSS be used to to create 
coherent learning experiences for all 
students ?

• How can students use science practices to 
make sense of complex events?  
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MS-LS2-2   Ecosystems: Interactions, Energy, and Dynamics 

Students who demonstrate understanding can: 
MS-LS2-2. Construct an explanation that predicts patterns of interactions among organisms across multiple 

ecosystems. [Clarification Statement: Emphasis is on predicting consistent patterns of interactions in 
different ecosystems in terms of the relationships among and between organisms and abiotic 
components of ecosystems. Examples of types of interactions could include competitive, predatory, and 
mutually beneficial.] 

 

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science Education: 

Science and Engineering 
Practices 

Constructing Explanations and 
Designing Solutions 
Constructing explanations and designing 
solutions in 6–8 builds on K–5 
experiences and progresses to include 
constructing explanations and designing 
solutions supported by multiple sources 
of evidence consistent with scientific 
ideas, principles, and theories. 
x Construct an explanation that 

includes qualitative or quantitative 
relationships between variables that 
predict phenomena. 

Disciplinary Core Ideas 
LS2.A: Interdependent Relationships 
in Ecosystems 
x Similarly, predatory interactions 

may reduce the number of 
organisms or eliminate whole 
populations of organisms. Mutually 
beneficial interactions, in contrast, 
may become so interdependent 
that each organism requires the 
other for survival. Although the 
species involved in these 
competitive, predatory, and 
mutually beneficial interactions vary 
across ecosystems, the patterns of 
interactions of organisms with their 
environments, both living and 
nonliving, are shared. 

Crosscutting Concepts 
Patterns 
x Patterns can be used to identify 

cause and effect relationships. 

 

 
Observable features of the student performance by the end of the course: 
1 Articulating the explanation of phenomena 

a Students articulate a statement that relates the given phenomenon to a scientific idea, including that 
similar patterns of interactions occur between organisms and their environment, regardless of the 
ecosystem or the species involved. 

b Students use evidence and reasoning to construct an explanation for the given phenomenon. 
2 Evidence 

a  Students identify and describe* the evidence (e.g., from students’ own investigations, observations, 
reading material, archived data) necessary for constructing the explanation, including evidence that: 

i. Competitive relationships occur when organisms within an ecosystem compete for shared 
resources (e.g., data about the change in population of a given species when a competing 
species is introduced).   

ii. Predatory interactions occur between organisms within an ecosystem.  
iii. Mutually beneficial interactions occur between organisms within an ecosystem. Organisms 

involved in these mutually beneficial interactions can become so dependent upon one another 
that they cannot survive alone.   

iv. Resource availability, or lack thereof, can affect interactions between organisms (e.g., 
organisms in a resource-limited environment may have a competitive relationship, while those 
same organisms may not be in competition in a resource-rich environment). 

v. Competitive, predatory, and mutually beneficial interactions occur across multiple, different, 
ecosystems 

b Students use multiple valid and reliable sources for the evidence.  
3 Reasoning 

a Students identify and describe* quantitative or qualitative patterns of interactions among organisms 
that can be used to identify causal relationships within ecosystems, related to the given 
phenomenon.  
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Performance 
expectations.

These combine 
science practices 

with content.  
Clarifying 

statement is in 
red. NGSS 

assessments won’t 
have these exact 

PEs. 

DCIs
These are the 

central science 
ideas to be 

taught. 
Frequently more 

than one “big 
idea” here. Click 
on them, takes 
you to helpful 

Framework text 
(NSTA to topic for 
all grade bands)

Really broad X-
cutting concepts, I 
don’t know how I 

would teach these. 

Science practices. 
These only make sense 
when used with other 

science practices

Evidence 
statements. 

These are the 
really specific 

student 
performances 

that test 
designers build 

into the 
assessments. 

This image is 
from NGSS 
site, it looks 
different on the 
NSTA’s site.



What are people doing right 
now with NGSS? 

1) Using a check-off list: Create one or 
two per lessons per DCI or PE (either 
creating lessons or using existing 
lessons)

2) Inserting scientific practices here and 
there in existing units

3) Strategically modifying units to include 
science practices and core disciplinary 
ideas that work together

4) Creating new NGSS-aligned units from 
ground up and testing them

5) Waiting for aligned curriculum to be 
published
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Let’s take some data

My colleagues are 
mostly doing this

We probably should 
be doing this



Let’s use research to talk about the face-to-face work with 
students…TEACHING for SENSEMAKING

ØStudents work on and revise 
explanations for an overarching 
event or phenomenon, over the 
course of a unit. 

ØTeacher role: create 
opportunities, every day, for 
students’ sense-making talk.

ØStudent thinking is made visible, 
so that it can be critiqued and/or 
become a resource for others in 
the classroom. 



What can “anchor” all the sense-making, 
modeling & explaining?  

Sophomore biology: Why 
did my grandmother get 
breast cancer and will it 

spread? 

9th grade: How can a singer 
break a glass with just the 

sound from his voice? 

Kindergarten: How can 
someone little push someone 

big off the end of a slide? 

5th grade: Why are solar 
eclipses predictable and so 

rare?

AP Chemistry: Where does 
the heat go when I pour out 

my coffee and why?

8th grade: Why are killer whale 
populations in Puget Sound 

declining?
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UNIT ON WAVES AND ENERGY 

• Decided which standards would work 
well together and which were most 
important
• Figured out an anchoring event and 
developed its explanation
• Planned out lessons that corresponded 
with standards and with parts of 
explanation

Took me 3 weeks of constant thinking 
about which ideas to teach, how, and how 
to integrate students’ everyday 
experiences in the curriculum. 



You will be 9th graders studying the 
“energy story” behind sound

• I’ll frame the unit (90 seconds)
• Engage you in talk and activity that elicits 

your ideas and activates your prior 
knowledge

• You’ll make your thinking visible so peers 
can see if there are useful ideas floating 
around the room

Day 1



How are auditoriums built to 
make voices & music clear?

Can ultrasound help us see 
hidden things?

How can “booming” 
speakers make me shake?

Can technology help us 
overcome hearing loss? 

How bats and dolphins use 
sound to find prey?

Can a person who is 
blind echo-locate?

How do neighborhoods cut 
down on noise pollution?

What makes noise vs. 
music?

Your own 
questions…



For real? Can people “break glass” 
with the sound of their voices?



…Observations?

BEFORE, DURING, AFTER

• Before anything happened, I 
noticed this…
• While ___ was happening, I 
noticed this...
• After it happened, I noticed...

SAW, HEARD, FELT

• I saw something happen…
• I heard this...it sounded 
like...
• I felt this...

SHAPE, COLOR, SIZE

• Something was this shape, 
this color, this size, it was in 
front of, it was behind....

HOW FAST IT HAPPENED

• Something happened 
slow...
• Something happened fast...

SMALL DETAILS

• I saw a detail, maybe its not 
important but I want to state 
it anyway...
• Something seemed 
missing...

OTHER?

• Your choice!



Let’s develop a list of “starter” ideas: 
Under what conditions would the glass break? 

• ”We think it has something to do 
with _____.” 

• “We think _________ caused the 
glass to break.”

• “We are wondering _________ .”



9th grader’s model of triangle being struck
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9th grader’s 
model of 

saxophone 
and 

musical 
notes
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BPQs (back pocket questions)

For students who are moving along:
• Can you share your thinking about THIS part of your model?
• Can you say more about what you think is happening HERE that we can’t see?

For students who may be stalling out:
• Let’s just say out loud what we saw and heard in the video, maybe that will 
jumpstart us.
• Do you think there is anything going on in this space (point between glass and 
mouth)?

Generic follow-ups:
• Can you say more about that? • Do you agree with your partner? • Do you want 
to add on? 

Notes on which partners have ideas or questions that could be brought out to 
whole class?  



5th grade students have 
ideas that influence how 
they will learn
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Making 
adjustments 

based on 
students’ 

puzzlements
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De-brief on sense-making
No science ideas were explicitly taught 
in our demo lesson, only elicited. 
• What moves or routines did the teacher 

make to support initial sense-making? 
What tools were used, and how? 

• What if we started the unit by just 
“diving into” a traditional science 
lesson? 
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BREAK (please download, optional!)
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Harvard Ed 
Press

DECIBEL X 
phone app



Anchoring events require students to coordinate many 
different science ideas in order to explain them

Sounds transferring 
energy through 

gases, liquids, solids

Resonance

Propagation of 
sound waves in all 
directions at once

Sound as 
compression waves

Air as medium of 
transmission

Conservation of 
energy



Compression waves:
Ø There are some science ideas students 

cannot “discover”
Ø We might use interactive direct instruction 

followed by lab activity to teach this idea

Day 3



Decibels as a measure of 

sound intensityDay 4
of an atmosphere. A sound with an intensity of 1*10  W/m  corresponds to
a sound that will displace particles of air by a mere one-billionth of a
centimeter. The human ear can detect such a sound. WOW! This faintest
sound that a human ear can detect is known as the tthhrreesshhoolldd  ooff
hheeaarriinngg (TOH). The most intense sound that the ear can safely detect
without suffering any physical damage is more than one billion times more
intense than the threshold of hearing.

Since the range of intensities that the human ear can detect is so large, the
scale that is frequently used by physicists to measure intensity is a scale
based on powers of 10. This type of scale is sometimes referred to as a
logarithmic scale. The scale for measuring intensity is the ddeecciibbeell  ssccaallee. The
threshold of hearing is assigned a sound level of 0 decibels (abbreviated 0
dB); this sound corresponds to an intensity of 1*10  W/m . A sound that is
10 times more intense ( 1*10  W/m ) is assigned a sound level of 10 dB. A
sound that is 10*10 or 100 times more intense (1*10  W/m ) is assigned a
sound level of 20 db. A sound that is 10*10*10 or 1000 times more intense
(1*10  W/m ) is assigned a sound level of 30 db. A sound that is 10*10*10*10
or 10000 times more intense (1*10  W/m ) is assigned a sound level of 40
db. Observe that this scale is based on powers of 10. If one sound is 10  times
more intense than another sound, then it has a sound level that is 10*x more
decibels than the less intense sound. The table below lists some common
sounds with an estimate of their intensity and decibel level.

SSoouurrccee IInntteennssiittyy IInntteennssiittyy  LLeevveell
##  ooff  TTiimmeess

GGrreeaatteerr  TThhaann
TTOOHH

Threshold of Hearing (TOH) 1*10  W/m 0 dB 10
Rustling Leaves 1*10  W/m 10 dB 10

Whisper 1*10  W/m 20 dB 10
Normal Conversation 1*10  W/m 60 dB 10

Busy Street Traffic 1*10  W/m 70 dB 10
Vacuum Cleaner 1*10  W/m 80 dB 10

Large Orchestra
6.3*10

W/m
98 dB 10

Walkman at Maximum Level 1*10  W/m 100 dB 10
Front Rows of Rock Concert 1*10  W/m 110 dB 10

Threshold of Pain 1*10  W/m 130 dB 10
Military Jet Takeoff 1*10  W/m 140 dB 10

Instant Perforation of
Eardrum

1*10  W/m 160 dB 10

 

 

IInnvveessttiiggaattee!!
Knowing the intensity of a sound wave allows one to calculate the deciBel
(dB) level of that sound. Use the DDeecciiBBeell  CCaallccuullaattoorr widget to determine the
deciBel rating from any intensity in Watt/meter . Enter intensities using
scientific notation - for example, enter 5e-5 for 5.0x10 .

DeciBel Calculator

Enter the intensity of a sound in W/m^2: 5e-5

Then click Submit to view the deciBel rating. Submit

 
While the intensity of a sound is a very objective quantity that can be
measured with sensitive instrumentation, the lloouuddnneessss of a sound is more of
a subjective response that will vary with a number of factors. The same sound

-12 2

-12 2

-11 2

-10 2

-9 2

-8 2

x

-12 2 0

-11 2 1

-10 2 2

-6 2 6

-5 2 7

-4 2 8

-3

2
9.8

-2 2 10

-1 2 11

1 2 13

2 2 14

4 2 16

2

-5

(http://www.wolframalpha.com)

Intensity and the Decibel Scale http://www.physicsclassroom.com/Class/sound/u11l2b.cfm
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85 dB = Hearing 
damage



Day 5 Improving our models by 
designing investigations

Phone apps accurate within 5 decibels of 
professional equipment



Phone apps accurate within 5 decibels of 
professional equipment

What is one part of our 
model we could test? 

Ø Example hypothesis: Sound “dies 
out” in energy over distance

Ø Another example: Sound moves in 
one direction from its source



How can you represent— by modeling—what’s 
happening (that you CAN’T see)?

In front of horn In back of horn

0 meters 121 120
20 meters 100 92
90 meters 82 90
120 meters 79 77
150 meters 80 81



29

Student created data display
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I think that our experiment shows 
sound moves out in all directions I think it shows 

that we got an 
echo, not that it 

travels in all 
directions

Student A        Student B

Could we involve 
students in 

argumentation 
here?





Revising models: How has our 
thinking changed? 

Revise: We think 
[evidence from 
activity/reading] 
supports PART of 
our model, but we 
want to change 
____ to make it 
more accurate.

Add: We think 
[evidence from 
summary table] 
supports PART of 
our model, but we 
want to add ____ to 
make it more 
accurate.

Remove or find out 
more: We think 
[evidence from 
activity/reading] 
contradicts _______ 
in our model, and 
we want to remove 
it or find out more 
about it.

Questions: We still 
have questions 
about _________ .

Revise

Add

Remove

Still have 
questions



Ensemble of practices = 
Investigation + modeling + 
arguing from evidence



Resonance
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Day 7



Other possible lessons
Making and sensing sounds in the body, 
anatomy of human ear 

Students use decibel meter apps to 
create “sound map” of community.

Design experiment to assess whether any type of materials will absorb or 
reflect sound. Analyze data, create claims and evidence to argue with peers. 



   
 

The question we are answering by drawing this model and writing our explanations: How did this singer break the glass with his voice?   
Directions:  

1. In the three panels below, draw what is happening that you can and cannot see that is causing the glass to shatter. USE ZOOM-INS 
2. Use the drawings to help you write an explanation about what is happening at each point in time.  
3. For each picture, be sure to include the ideas from the Gotta-have Checklist 
4. After completing your model, provide evidence from one class activity that supports one of your claims. Write the evidence on a 
sticky-note and place on the relevant drawing.  

 

Names _____________________________________________________________________________________Period ___________________ 

Before After 

Gotta-Have checklist: in each of the three panels: 
o How compression waves move energy 
o How frequency and amplitude play a role in the glass breaking 
o The full story of energy transfers from person to glass 
o How resonance plays a role in the story  

 

During 
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A final model template



3rd grade 
model of 

singer

37



Before and 
after template 
for 9th grade 

unit on forces
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When the stops are 
released he is pulled 
upward because the 
helium is lighter than 
the air and it has an 
upward force. There 
is enough helium to 
pull the weight of the 
chair and his body 
up. 
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The forces acting directly on 
Eric are gravity pulling him to 
the earth and the normal force 
of the chair preventing him from 
falling by pushing up on him. 
The helium balloons are 
providing buoyant forces but 
the balloons are only directly 
acting on the ropes. The ropes 
have a tension force that is 
holding the chair up. Only the 
chair is acting directly on Eric. In 
the experiment with the ball 
and the water, the ball floated 
on top of the water because it 
was like the balloons because it 
had a buoyant force. 

Panel 1 of this student’s final model Panel 1 of this student’s initial model
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Thermodynamics: What happened 
to the heat in my cocoa? 



Why can do few wolves change 
the Yellowstone ecosystem? 
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How can small seed grow to 
become Douglas fir? 

42
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• How has my 
thinking changed 
today? 
• What do I need to 
learn more about?
• What are a couple
short term goals I 
should pursue?
• Who do I need to 
partner with to learn 
and take action?

Reflection
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Harvard Ed 
Press
Could use for PLCs


