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Sclence education today IS
changing at a blinding pace




= You want
your
children to
be prepareo
for the
needs of

{OMOorrow



Today's education needs to keep pace with
the needs of tomorrow's world
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Thermal (IR) camera
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K-12 SCIENCE
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Scientific and Engineering Practices

eAsking questions / defining problems

eDeveloping and using models

ePlanning and carrying out investigations
eAnalyzing and interpreting data

o UsiNg mathematics and computational thinking
eConstructing explanations / designing solutions
eENQgaging in argument from evidence

eObtaining, evaluating, communicating information
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Questions




Asking Questions

e Asking gquestions Is essential to developing
sclentific habits of mind

e Questions are iImportant in both science and

engineering

o Students should be able to ask scientific

guestions that can be investigateo

o Students should be able to distinguish
scientific from non-scientific questions




Developing and

Using Models




Developing and Using Models

e Models are representations of phenomena
e Models are always analogous to the
ohenomena they represent in some way

e Many kinds of models exist
e Drawings
e Physical models
e Mathematical equations
e Many concepts are often modeled best
through simulation
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& Corsortium Get Upletes

Next-Generation Molecular Workbench

Now you can use our award-winning molecular simulations anytime, anywhere.

Try These Activities

States of Matter Boiling Point Solubility

Learn what gas, liquid and solids look See what happens at the molecular level Discover why some substances dissolve in
like at the atomic scale when a3 substance starts to boil water while others do not

Molecular Workbench is already one of Try These Activities

the most versatile ways to experience the

science of atoms and molecules. Now States of Matter

thanks to Google's generosity and the . Learn about phase change — a major factor in creating climate on Earth among

many other interesting phenomena.

power of HTMLS, we're bringing it to Web
Run Activity »

browsers everywhere. Try out the
activities listed at right to see for yourself.

Molecular Models
Need a simple model to show

intermolecular attractions, gas laws
or phase change? Embed these
interactives in your own website or

blog. Find an interactive now »

attractions. Explore how these forces affect a substance's boiling point.

¢

Boiling Point

n The temperature at which substances boil is determined by intermolecular
‘ Run Activity »

Solubility
Have you ever wondered why oil and water don't mix? Discover why some
substances dissolve in water while others do not.

Run Activity »
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Intermolecular Attractions and Boiling Point 40000 )»

All molecules attract to each other.

The model shows a drop of a polar liquid and a
drop of a non-polar liquid. By heating these
liquids, you can vaporize (boil) them, causing The Concord Consortium
molecules to break free of their intermolecular

attractions. <

Which liquid boiled first?

() polar
) non-polar

Check Answer

-
How could you tell when the liquids boiled?

Rubbing alcohol is less polar
Both are liquids at room tem;

Which one boils first? Why? | o2&
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Students should be able to

#® Evolution Readiness File (1 N SHBOD @ X0 COHIHT & irecenr 1 ¢ w9 2 Thu 6:00 AM Q

ANN ER - 60: Activity 1: The Virtual Greenhouse (Spring 2011) (TX)

Activity 1: The Virtual Greenhouse

page S
Your challenge: Find which flower box each Mystery Plant grows best in. When you see flowers click the Make graph button. Then, take a picture. Your picture will
be saved in your Lab Book.
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Use simulations as a tool for understanding
and investigating aspects of a system
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Students should be able to

® Evolution Readiness File 8 H B D @ *x0 D C Ul T & Ml e ¢ w O o) Thu 6:03AM Q

aNOo ER - 63: Activity 4: Changes in the Environment (Spring 2011) (TX)
Activity 4: Changes in the Environment
page 4
1. UK TNE Piant DUTTON 10 piant 1005 O sEegs. Uitk tne Mgy puton o SUart growing e piants.
2. Click the button for "Mountain height” to watch the mountains grow (remember: this would take millions of years in real life).
Your challenge: To get flowering plants on both sides of the mountains. Take a picture when you do.

:
\0‘ Take picture
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Use simulations as a tool for understanding
and investigating aspects of a system
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Planning &

Carrying Out
Investigations




Planning and Carrying

Out Investigations
e SClentists and engineers explore the worlo

N part to test theories and explanations

esting explanatory models requires

olann
nves

ed |

tigations must identify the relevant

nvestigation

variapbles and consider how they might be
observed, measured and controlleo
Planning for controls Is an important part of

the design of investigations
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4, Test your prediction:

a. Measure the cold water for 10 seconds.
b. Measure the warm water for 10 seconds.
c. Pour the small cup of water into the large cup. Measure and record the temperature of the mixture.

la »
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Constructing Explanations

o SCientific explanations are accounts that link
sclientific theory with specific observations or
phenomena

e SCientists achieve their own understanding by

pbuildi
expla

Ng theories and theory-based
nations

e CONS

ructing explanations Is thus an essential

step In bullding student understanding
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Average Monthly Arctic Sea Ice Extent

July 1979 to 2010
1.5

1.0

“?, ?." 109 ﬁ\l\ 2 A .

wa |ght the trend shown in the graph affect Earth's temperature in the year 2100?

O It will increase the temperature.
) It will decrease the temperature.
() There will be no effect on the temperature.

Explain your prediction.

On a scale from 1 to 5, how certain are you about your temperature prediction for the future?

© (1) Not at all certain
Q (2)

O (3)

O 4)

O (5) Very certain

Explain what affects your level of certainty about your prediction for temperature change.

National Snow and lce Data Center
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2000 Date 2100

Air Temp Change Ocean Temp Change
0 0

Red is the air temperature change.
Blue is the ocean temperature change.

.
e — : v

¥

The most urgent issue facing climate modelers today is the effect of humans on Earth's temperature.

Run the model and adjust the "Human-emission” slider to determine how much humans would need to change their CO,
emissions (as compared to 2010 emissions) to significantly reduce global temperature.

How much did you need to change human emissions to reduce the average global temperature?

Explain your conclusion by describing the experiments that you have run and their outcomes.
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© show instructi... | N\ Submit Diag... ¥ Reset | . Save
Weicome Test User! # of submissions: 0/14 Not saved yet
Expand All Collapse
1: Where Does Energy Come
From?

2: How Is Energy ’s
Transformed?

+

Create a MySystem diagram {o explain to Mary how energy is transformed and used to help the
3: Where Does Energy Go? plant grow. N

L a
» Step: 3.1 Introduction
P : Remember that
B Step: 3.2 Prediction:Make 1) you can use each icon only once

a Prediction! 2) when you are done, SUBMIT your diagram to get feedback (up to throe times)

= Step: 3.3 Energy in
Glucose

I Step: 3.4 MySysiem

Instruction

| 8/ Step: 3.5 MySystem

@ Swep: 3.6 Challenge
Question:Energy-rich Plant

¥ Swep: 3.7 Great Job!
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(3 Full Screen | [P} My Work O Flagged = ) Home / Sign Out

© Show instructi... | N\ Submit Diag... ¥ Reset | Save
Welcome Test User! ol B, # of submissions: 0/14 Not saved yet.

Expand All Collapse
1: Where Does Energy Come
From?

2: How Is Energy
Transformed?

Create a MySystem diagram {o explain to Mary how energy is transformed and used to help the
3: Where Does Energy Go? plant grow. N

> a
» Step: 3.1 Introducton
P - Remember that

B Step: 3.2 Prediction:Make 1) you can use each icon only once
a Prediction! 2) when you are done, SUBMIT your diagram tc get feedback (up to three times)

B Step: 3.3 Energy in
Glucose

¥ Step: 3.4 MySysiem

Instruction
’ 8/ Step: 3.5 MySystem

@ Step: 3.6 Challenge
Question:Energy-rich Plant

¢ Siep: 3.7 Great Job!

Knowledge Integration guidance vs. specific guidance given: t(53) = 2.41, p < .05, d=0.65

827% of students in the knowledge integration condition, compared to 55.6% of students
In the specific guidance condition successfully improved diagrams.

14.87% of students in the specific condition added incorrect ideas after receiving guidance
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Arguing from Evidence

e SCience Is replete with arguments that take
olace both informally and formally.
e Historical case studies

SNOW Nhow new 1deas

are often difficult to accept and have to be

argued for.
e [ Ne knowledge and ability to detect "bad

sclence’ are requirements both for the

scle

NtiIst and the citize

e STUC

ents should be ab

.

e to understand and

construct arguments, identify flaws, and
improve their arguments
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Py -4 | ey - ~ ’ CEADSM
oject Logs Blog Enter Search Keyword SEA -

The Concord
Consortium

For School & Home What We're Working On Topics, Newsletters & Whitepapers Mission, Partners & Staff

Find dozens of free activities
yOU Can use right now

Spark powerful, technology-based learning in your classroom today with free
activities for many science topics and grade levels

We're hiring! Business Developer and Research Scientist positions

.
now avalilable »

Folibw Us!

SmartGraphs Contest
Create a math, science or social
science activity for our SmantGraphs
software and you could win an
iPod, $100 Amazon gift card and
have your activity featured on our

— . website! Graphs are everywhere in

STEM classrooms, but

understanding them is another matter. Free SmartGraphs
activities provide interactive hints and scaffolding for students
as they learn. We're excited 1o see what kinds of activities you
create using our new authoring system. Learn more

We're a non-profit educational technology laboratory for science,

mathematics and engineering. Our pioneering work brings » O Molecular Workbench
:) - ot B

Co-Design Workshop

technology'’s promise into reality for education.
Have you dreamed up molecular
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of the author(s) and do not necessarily reflect the views
of the National Science Foundation.
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