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L Realizing the Promise of
Concord Education Technology

Consortium

e A nonprofit educational
research and development
organization based Iin
Concord, Massachusetts.

e \We create interactive materials that leverage the
power of information technologies.

e Our goal is to improve learning opportunities for
ALL students.
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Consortium
o Better use of student time outside of class.
e More flexibility for using in-class time.

e Materials should be engaging, motivating, and
‘deep” (i.e. challenging)

Tuesday, May 8, 12



Consortium

Static attempt at teaching

phase change

The phases of matter 28 o .

..Sclld. liguid, and

gas

3 :'nte rmolecular
forces

Tarperature vs.
sintermolecular
BranTe: forces

ohs )

i Strength of
iintermolecular
i forces

[ Temperature

Most of the matter yvou find around yon is in one of three phases: salid, daguid,
or gas. A solid holds i11s shape amd does not flow, The molecules in & solid
vibrate in place, byt on average, don't move fa: from (heir plaoces, A liguid
halds its voline, bui does not hold its shape ~ it flows. The moleculss in o
liquid are about as close together ag facy are m a solid, but have encugh encrgy
o exchange positions with their newwhbors, Liguids flow because the
molecules can move around, A Qas Nows like a liguid, but Can alse expand or
contract o £fill a contauner, A gas does not hoid irs volume. The molecules in a
ges have enough energy o completely break awny from sach other and are

mich farther apart than molecules in a Houid or solid.

When they are cloge together, molecules are attracted through sermmolecidar
Jorces, These Intermaolecular forces have diffevent strengths for different
molccules. The strength of the intermolecular forces dewermines whether
matter exigts as a solid, liquid, or gas at any given temperature,

Within sli mattor there 15 a constam competition between tempernture and
termolacular torces, The kinetic cncigzy from temperature tends to push
molecules apart. When wemperanate wins the competition, moleculos fly apart
and you have a gas. The ntetmolecular forces tend to bring molecules
together. When intermolecular forces win the competition, molecules clump
bghrly together and vou have a solid Liquid 1s somewhere in the middle.
Molecules in a Liguid are not stuck firmly tapether, bust they cannot escape and
fOv away oithe

fron is a solid at room femperature, Water 13 a liquid at room temporature, This
tolls you that the mntermolecular forces between iron atoms are stronger than
those between water mol cules. In foct, fron is used for burlding things
bocause it so strong. The strength of solid iron is nnother aff=ct of the strong
intermolecular forces betwesn iron atoms,

As the temperature changes, the balance between  temperature  and
wmermolecular foreces changes. At ternperatures below OU°C, the intermoelecular
forces in water are strong enough o overcome tempernture and water becomes
sohid {ice).

i - -

Gas

igure 7.11: soleciios (or atome) in the
salicd, Dguld, ond gos PRaser,
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l[deal Learning
Comsortim Fnvironment

e Dynamic nature of atomic/molecular systems not
easily conveyed with text and static images.

e Animations help, but don't allow students to
construct knowledge. Student is passive learner.

e Models which are computed in real-time allow
users to probe the simulation by changing
parameters. Student becomes an active learner.

Tuesday, May 8, 12



1 ¢ The Modeling Environment:

Coneord Molecular Workbench — a molecular dynamics tool.
Consortium

The Molecular Workbench — a molecular dynamics tool.

e Open-source cross-platform :
molecular dynamic engine. _//QA -

e C(alculates complex real-time \—\/\7\ ._
interactions between atoms - ‘
and molecules. / 3

e User friendly interface for
creating custom model-based
activities.

Tuesday, May 8, 12



A concise summary of the last
100 years of science is that
atoms and molecules are 85%

of physics, 100% of chemistry
and 90% of modern molecular
biology.

—Leon Lederman
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... all things are made of atoms —
little particles that move around
in perpetual motion, attracting

each other when they are a little

distance apart, but repelling
upon being squeezed into one
another.

— Richard Feynman

Tuesday, May 8, 12
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e 2D and 3D Molecular
Dynamics Models

e 3D Exploration of Static
Molecular Representation

e Flash based models

e [he Modeling Environment

anigen

[ ANTIBODY |

Design Your Antibody

Select a the initial molecule shape for the antibody by
clicking on one of these images:

+_
- Add charge to the antibody by using the charge tools @

and '® in the toolbar. To charge part of the antibody, select
the appropriate charge tool and then dick on the atoms you
want to charge.

Run the model, click on the green star, and "dock"™
the antigen to your antibody
- Take a snapshot of your best creation.

e Quantum physics - tunneling, bonding, time dependent
Schrodinger representations

e Abstract dynamic models of DNA, RNA and proteins

Tuesday, May 8, 12



e The Modeling Environment
Concord
Consortium

e 2D and 3D Molecular
Dynamics Models

e 3D Exploration of Static
Molecular Representation

e Flash based models

e Quantum physics - tunneling, bonding, time dependent
Schrodinger representations

e Abstract dynamic models of DNA, RNA and proteins
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e The Modeling Environment
Concord
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e 2D and 3D Molecular
Dynamics Models

e 3D Exploration of Static
Molecular Representation

e Flash based models » fun) W s (W mese

e Quantum physics - tunneling, bonding, time dependent
Schrodinger representations

e Abstract dynamic models of DNA, RNA and proteins
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e The Modeling Environment

Concord
Consortium

e 2D and 3D Molecular
Dynamics Models

e 3D Exploration of Static
Molecular Representation

e Flash based models

e Quantum physics - tunneling, bonding, time dependent

Schrodinger representations

e Abstract dynamic models of DNA, RNA and proteins
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e The Modeling Environment
Concord
Consortium

e 2D and 3D Molecular
Dynamics Models

e 3D Exploration of Static
Molecular Representation

e Flash based models

e Quantum physics - tunneling, bonding, time dependent
Schrodinger representations

e Abstract dynamic models of DNA, RNA and proteins
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The Modeling Environment

e 2D and 3D Molecular
Dynamics Models

e 3D Exploration of Static
Molecular Representation

e Flash based models

1 02—

Q

2.80

O>
Charge

neg

neutral pos

Left Atom Electronegativity

| E——

low high

Right Atom Electronegativity

low high

e Quantum physics - tunneling, bonding, time dependent

Schrodinger representations

e Abstract dynamic models of DNA, RNA and proteins
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mw e Modeling Environment

Consortium

e 2D and 3D Molecular
Dynamics Models

e 3D Exploration of Static
Molecular Representation

e Flash based models

DNA Nucleotides
s A ot
c| (K] [&] [1]

RNA Nucleotides
) YL
ol 8] ]

Amino Acids

Ribosome
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e Quantum physics - tunneling, bonding, time dependent
Schrodinger representations

e Abstract dynamic models of DNA, RNA and proteins
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S

e Other Reasons to Like Models

Concord
Consortium

e Help to provide a concrete scaffold for new
abstract concepts.

e Can be used in guided inquiry mode.

e Promotes reasoning and supporting
ideas with evidence.

Tuesday, May 8, 12
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- Key
DNA Nucleotides

el B I

RNA Nucleotides

B KL

Amino Acids

() Hydrophilic

O Hydrophobic

Al 1f T(C TIA|G|C|TIA|T|A|G|T|A[C|T|T|T[A|G 3"
I s 0 il T W O O O N7 T N7 ol o g N7 T e O N7 T el ol o s e N7 oW o ol ,
3 |TICIT|A[AJA|C|C|C|G|A|G|T|A|C|G|A|T|C|G|A|T[A|T|C[A|T|G|A|A[A|T|C 5 )
Genetic Code
:: m i‘J LU L L Table
Transcribe DNA to mRNA Translate mRNA to protein @ Take a snapshot
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Phys/Chem - Spectroscopy

Energy Levels (Editable!)

-140 O o
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e Chemistry - Chemical Reactions

Concord
Consortium

Follow these steps:
1. Add some atoms (press
multiple times to add more):

Caad10)

2. Run ¥ the model.

3. Reset M the model and try a
different concentration.

Gauge the reaction speed by using
the graph to see when the reaction
reaches 80% completion.

Your Goal: (O + QD — O=0D

To get atoms to react to form molecules.

100

L 80

L 60

L 40

L 20

3| dw o uoRIeI %
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AU, :
4. Chem/Bio - Intermolecular
Consortum Attractions

| Oil and Water Shaken Up and Mixed I

press run to see the mixture "settle™

Antigen

Tuesday, May 8, 12



http://mw2.concord.org/tmp.jnlp?address=http://mw2.concord.org/public/part2/vdw/page3.cml
http://mw2.concord.org/tmp.jnlp?address=http://mw2.concord.org/public/part2/vdw/page3.cml
http://mw2.concord.org/tmp.jnlp?address=http://mw2.concord.org/public/part2/vdw/page8.cml
http://mw2.concord.org/tmp.jnlp?address=http://mw2.concord.org/public/part2/vdw/page8.cml

)

i _: Modeling Macro-level systems
The o4 "

Concord the electron transport chain
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intermembrane spac@

Energy from H+ conc. difference
[ [

3 Krebs Cycle ey : 3
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Quantum Chemistry - Polar Bonds
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What is true of the rate at which molecules move
into and out of the cell at equilibrium?

A. More move into the cell than out of it.
B. More move out of the cell than into it.
C. Equal amounts move into and out of the cell.
D. They move randomly, so it is not predictable.

QOO0

“’T Check Answer H‘
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Cells generally stay in equilibrium with their surroundings. What
are two ways you know the cell has reached equilibrium?

"1 A. Water stops flowing into and out of the cell.
B. The concentrations inside and outside of the cell are the same.
C. The osmotic pressure inside and outside of the cell is the same.

mimn

D. The cell gets as small as it possibly can.

(' Check Answer 1"

N o

Tuesday, May 8, 12
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Describe how the chemical energy in ATP Iis
converted into electric potential energy. (hint)

Tuesday, May 8, 12



ot Fmbedded Assessments
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Set up the model so that it Is IN equilibrium. Then
use the "snapshot” button below the model to take
a picture of your setup. Use the "open™ button
below to place that image here.

Click the Open Button,
and then drag a thumbnail here.

Tuesday, May 8, 12
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eNo Add Snapshot

Snapshot with annotations indicating
hydrogen bonds:

[T he arrow shows that the ball 1= at t's peak, not

having any particular direction. As shown by the
white color the ball has Ittle (low) kinetic energy.

\<\0
2
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i ¢ Previewing Models and
Consortium Using a Portal

RITES

HOME | ABOUT | HELP | INVESTIGATIONS

PROJECT SIGN IN

Student

Teacher

Stay Logged In
View our unit Previews

L SUBMIT Forgot Password

IMPORTANT! Before running our software and activities, please view our Technical Notes and
Requirements section
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Student Quotes

“It can be difficult to visualize
some of the more complex
concepts of chemistry, so the

visual models can really help
[me] understand these
concepts.”




Student Quotes

“The best part of using the SAM
tools was to be able to see things
that we would not normally be able

to see with labs. The tools were fun
and easy to use, the instructions
were straightforward and | found it
interesting to watch the
simulations.”

Tuesday, May 8, 12



Teacher Quotes of Their “Best Experiences”

“In a lesson on electrostatics (not the RI-

ITEST model) a student referred back to

something he had learned while doing a
RI-ITEST activity. The classroom

discussion went far more smoothly as a
result of the students having learned
about atomic structure via the
interactive models.

Tuesday, May 8, 12



Teacher Quotes of Their “Best Experiences”

“Students begging to do more
units on the computer... [and] ...

writing more than they usually
do in response to something
they did only moments before.”




7% Next Generation
Concord Molecular Workbench
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Now you can use our award-winning molecular simulations anytime, anywhere.
Q Q
Q Q9
s = °e
Q 08 ¢ @ ©
Q o
Q Q
Q s Q Q
Q QQ Q o
¥ o o0 o Q
9 Qo .
@ © -
Q O] e ©O
9 Q o °
o - Tcrn;-m‘:rdtarc
ntermolecular Attraction Force Interactions Change Temperature
o . e RSO colder  hotter
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5.8 Possible Modes of Usage

The "7~

o and Best Practices

e During class (full activity or in “projector mode”).
e Qutside of class

e Through one of our portals or via MW directly.

e Via a hyperlink embedded in course.

e Individual models embedded into course materials
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care ord Customization

Consortium

e Using MW as standalone app.

e Customizing Portal based activity.

e NSDL grant will help pull together disparate resources.

e Parallel work on Next Gen MW will focus around
making customized versions of models and activities.

Tuesday, May 8, 12



%<  Finding Models and Activities -
Concord Current and Past Projects

Consortium

e Sclence of Atoms and
Molecules (SAM/RI-ITEST)

w3 Science of Atoms
©? and Molecules

e High Adventure Science

e (Geniverse
e Evolution Readiness

e Electron Technologies

e Innovative Technology in Science Inquiry (ITSI-SU)

e Engineering Energy Efficiency
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%&£  Finding Models and Activities -
! Current and Past Projects

The
Concord
Consortium

e Sclence of Atoms and
Molecules (SAM/RI-ITEST)

e High Adventure Science

High-Adventure
Science

e (Geniverse w

e Evolution Readiness

e Electron Technologies

e Innovative Technology in Science Inquiry (ITSI-SU)

e Engineering Energy Efficiency
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2.2  Finding Models and Activities -
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Concord Current and Past Projects
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e Sclence of Atoms and
Molecules (SAM/RI-ITEST)

e High Adventure Science

e Geniverse @4» / Genlverse

e Evolution Readiness

e Electron Technologies

e Innovative Technology in Science Inquiry (ITSI-SU)

e Engineering Energy Efficiency
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%&£  Finding Models and Activities -
! Current and Past Projects

The
Concord
Consortium

e Sclence of Atoms and
Molecules (SAM/RI-ITEST)

e High Adventure Science

e (Geniverse

= Evolution
g\}zﬁjﬁ Readiness

e Evolution Readiness

e Electron Technologies

e Innovative Technology in Science Inquiry (ITSI-SU)

e Engineering Energy Efficiency
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%2  Finding Models and Activities -
The "V~

Concord Current and Past Projects

Consortium

e Sclence of Atoms and
Molecules (SAM/RI-ITEST)

e High Adventure Science \ [ Electron .
' Technologies

e (Geniverse
e Evolution Readiness

e Electron Technologies

e Innovative Technology in Science Inquiry (ITSI-SU)

e Engineering Energy Efficiency
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2.£  Finding Models and Activities -
Concord Current and Past Projects

Consortium

e Sclence of Atoms and
Molecules (SAM/RI-ITEST)

e High Adventure Science

%8 rrsi-su

e Evolution Readiness

e Electron Technologies

e Innovative Technology in Science Inquiry (ITSI-SU)

e Engineering Energy Efficiency

Tuesday, May 8, 12



S5y,

a

%t  Finding Models and Activities -
Concord Current and Past Projects

Consortium

e Sclence of Atoms and
Molecules (SAM/RI-ITEST)

e High Adventure Science Engineering

Energy Efficiency

e (Geniverse
e Evolution Readiness

e Electron Technologies

e Innovative Technology in Science Inquiry (ITSI-SU)

e Engineering Energy Efficiency
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Convection

0:00:09:57
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s Inquiry Is Key

Consortium

e Going deeper can simplify science

e Most scientific phenomena can be explained by fundamental
iIdeas of the atomic nature of matter, conservation of energy,
Nature's tendency toward equilibrium.

e Science through this lens is more connected - less individual facts
to "memorize”.

e Conceptual understanding is the goal.

e Ultilize interactive models, to allow inquiry at the
atomic level.

e [eachers are essential for inquiry approach to work.
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Chcord FiNnding Materials

e Concord Consortium Activity Finder
http://www.concord.org/activities

e Molecular Workbench Application and Database
http://mw.concord.org

e \Various Project portals
http://www.concord.org/projects
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Contact Info

Dan Damelin

dan@concord.org
http://www.concord.org

subscribe to our newsletter
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RILITEST Project

PHYSICS

CHEMISTRY

BIOLOGY

MOTION AND
ENERGY

CHARGE

ATOMS AND
MOLECULES

LIGHT

Atoms and Energy

Phase Change

Diffusion, Osmosis, and Active

Transport

Heat and Temperature

Electrostatics

Gas Laws

Intermolecular Attractions

Cellular Respiration

Four Levels of Protein
Structure

Electricity

Atomic Structure

Molecular Geometry

Solubility

Chemical Bonds

Protein Partnering and
Function

Intro to Macromolecules

Lipids and Carbohydrates

Newton’s Laws at the
Atomic Scale

Atoms, Excited States, and
Photons

Spectroscopy

Chemical Reactions and
Stoichiometry

Nucleic Acids and Proteins

DNA to Proteins

Harvesting Light for
Photosynthesis
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MCI| Results
Cohort1l - Chem

Chemistry MCI Results - Cohort 1 - Year 1

120
100 |
80 |
O
60 | ~ Dpre
M post
40 | |
20 | |
0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100
IGroup Pre-test  |Post-test n [p-value based on Cohen’sd  [Effect size
mean mean paired t-test
Chemistry 39% 47% 348 7.8e-32 0.6 Moderate
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Concord of SAM activities completed
MCI gain vs. # of physics activities run MCI gain vs. # of chemistry activities MCI gain vs. # of bio activities run
(cohort 2 - year 2) run (cohort 2 - year 2) (cohort 2 - year 2)
30% 12.0% 12%
25% — 10.0% — B 10% —
c 20% - 8.0% B c 8% — _
B 15% & 6.0% T S 6% =
X X X
10% 4.0% 4%
5% |_| H H H 2.0% 2%
0% 0.0% 0% |_|
0 1 2 3 45 >5 O 1 2 3 4 >4 <2 2 3 4 >4
# of physics activities run # of chemistry activities run # of biology activities run
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Cohort 2

Year 1 - Phys.

Improvements

Pre-test
mean

Post-test
mean

Over Time

gain

d Effect size

0.2 Small

Year 2 - Phys. 33% 47% 15% 3.1e-20 1.1 Large
Year 1 - Chem. 45% 51% 6% 8.5 e-16 0.4 Small
Year 2 - Chem. 47% 55% 8% 1.1e-38 0.50 Moderate
Year 1 - Bio. 30% 33% 4% 2.6 e-07 0.3 Small
Year 2 - Bio. 28% 34% 6% 3.7 e-08 0.5 Moderate
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