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Bl Realizing the Promise of
Concord Education Technology

Consortium

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

A
{

e \We create interactive inquiry-oriented materlals
that leverage the power of information
technologies.

e Our goal is to Improve learning opportunities
for ALL students.
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B RI-ITEST Goals
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Consortium

e |Improve science content knowledge.

e |ncrease student awareness of related computer
modeling careers.

e Bring together a more connected understanding of
how the world of atoms and molecules links physics,
chemistry, and biology.
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Most of the matter yvou find around yon is in one of three phases: solid, liguid,
or gas. A sclid holds its shape amndd does not flow, The molecules in & solid
vibrate in place, byt on average, don't move fas from (heir plaoces, A liguid
halds its voline, bui does not hold its shape it flows. The molecules in o
Liquid avre about as close together as thev are in a solidd, but have enonch cnorgy
to 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 nothoid it volume. The molecules ina
ges have enough energy o completely break awny from sach other and are
mixch farther apart than molecules in a Douid or solid.

When they are cloge wogether, molecules are artracted through ermnolecidar
Jorces, These Intermaolecular forces have diffevent strengths for differenmt
molecules. The strength of the intermoleculas forces determines whether
matter exigts as a solid, liquid, or gas at any givon temperature,

Within sli matter there 15 a constant competition between tempernture and
wermolacular torces, The kinctic cneigy 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
bsghrly together and vou have a solid Laquid 1s somewhere in the middle.
Molecules in a Liguid are not stuck finmly tapether, but they cannot escape and
fOv away oither

fromn is a solid at room temmperature, Water 18 a liguid at room temperature, This
talls you that the mtermolecular forces betwean 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 berwees temperature  and
wmermolecular foreces changes. At ternperatures below 0°C, the mtermoelecular
forces in water are strong enough o overcome temperature and water becom s
sohid {ice).
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e |deal Learning Environment
Consortium

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

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

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



e The Modeling Environment

Consortium

The Molecular Workbench — a molecular dynamics tool.

e Open-source cross-platform
molecular dynamic engine.

Fe

e Calculates complex real-
time Interactions between
atoms and molecules.

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




e Various Model lypes
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Design Your Antibody

2D and 3D Molecular ol ks e Tt Nchlesne VitttV
Dynamics Models \ &

3D Exploration of Static - SVapit 4
Molecular Representation T g oy epiafubdsiuduhobooinm ot

the appropriate charge tool and then dick on the atoms you

|, ANTIBODY | : want to charge,

’ y B orce ] Run the model, click on the green star, and "dock”
the antigen to your antibody

Reset Take a snapshot of your best creation.

Flash based models

Abstract dynamic models of DNA, RNA and proteins
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2D and 3D Molecular
Dynamics Models

3D Exploration of Static
Molecular Representation

Flash based models

Abstract dynamic models of DNA, RNA and proteins
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Various Model Types

2D and 3D Molecular
Dynamics Models

3D Exploration of Static
Molecular Representation

Flash based models > Bon W e

Abstract dynamic models of DNA, RNA and proteins



o Various Model lypes
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2D and 3D Molecular
Dynamics Models
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3D Exploration of Static it » &
Molecular Representation

Flash based models

Abstract dynamic models of DNA, RNA and proteins
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2D and 3D Molecular 102 280 Left Atom Electronegativity
Dynamics Models Q O> Iow] high
3D EXplOI’atiOﬂ Of Stat|C Right Atom Electronegativity
Molecular Representation B ctooe .
neg neutral pos low high

Flash based models

Abstract dynamic models of DNA, RNA and proteins



e Various Model lypes
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2D and 3D Molecular
Dynamics Models

3D Exploration of Static
Molecular Representation

Flash based models

DNA Nucleotides
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Abstract dynamic models of DNA, RNA and proteins
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http://mw2.concord.org/tmp.jnlp?address=http://mw2.concord.org/public/part2/substance/page4.cml
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7
ey

YA
2

& Other Reasons to Use Models

Concord
Consortium

v

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

e Can be used in guided inquiry mode.

e Promotes reasoning and supporting
iIdeas with evidence.
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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




... 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
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MOTION AND
ENERGY

CHARGE

ATOMS AND
MOLECULES

LIGHT

Science of Atoms and
Molecules Activities

PHYSICS

Atoms and Energy

CHEMISTRY

Phase Change

BIOLOGY

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

Lipids and Carbohydrates

Newton’'s Laws at the
Atomic Scale

Atoms, Excited States, and
Photons

Spectroscopy

Chemical Reactions and
Stoichiometry

Chemical Reactions and
Energy

Nucleic Acids and Proteins

DNA to Proteins

Photosynthesis
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Student Data/Reporting

A O O RI-ITEST DIY: http: //ri-itest.diy.concord.org/reports/131 fotml?group_id=be8ba548-d701-102b-a487-005056801240&group_lis...

Teacher: Daniel Damelin
Class: chem1
Show students who completed at least 1~ % (* ypdate List )
['_- Print All Users WW
:'1' 5
1. 3.A Which
: The 6. What
Compare 2.The substance type ellow did vou
the temperature _ of yellow cid you
User . and observe
motion ofa composed atom ink —ahuut
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Teacher: Daniel Damelin
Class: chem1
Other Group Members:

Print )

1. Compare the motion of the air molecules at high and low temperatures.

They look the same to me.

4. Which type of atom has the greater mass?

@ The pink atoms.

17. Take a snapshot of the model that shows thermal expansion, and then follow the

instruction below to drag in the snapshot image.

18. Take a snapshot of the graph that shows the increasing of energy when heated, and
then follow the instruction below to drag in the snapshot image.

x1072

ir atom (eV)

50

7

4| w!
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Student Data/Reporting
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Question
What did you observe about the kinetic energy (KE) of the atoms? (hintd)

1. Some atoms have almost no KE.

2. Each atom keeps the same KE.

3. All atoms have the same KE.

4. An atom's KE is changing all the time.
5. Both A and D are true.

Frequency Graph
2 2
1..
0- 0 A o
1 2 3 4 5
Answers

TestA Damelin @ Some atoms have almost no KE.
TestB Damelin @ Some atoms have almost no KE.

TestC Damelin @& Both A and D are true.




i ¢ Previewing Models and
Consortium Using the Portal

e Go to: http://ri-itest.concord.org
® Cl|C|-( on the  Go to the Portal

e Click on the “Activities” link.

> button.

e Click the =+ button on an activity.

Science of Atoms and Molecules

SIGNIN | SIGNUP |
Activities

About

. PROJECT SIGN IN
Getting Started


http://ri-itest.concord.org
http://ri-itest.concord.org

o INnquiry Is Key

Consortium

Going deeper can simplify science.

e Most scientific phenomena can be explained by fundamental ideas of
enerqgy, force, the atomic nature of matter, and equilibrium.

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

Conceptual understanding is the goal.

Utilize interactive models, to allow inquiry at the atomic
level.

Teachers are essential for inquiry approach to work.



Professional Development Goals

e Understand the science of
atoms and molecules (SAM)
and how It connects with
current curriculum.

e |Implement SAM learning
activities in current curricula.

e Provide related |IT career
iInformation.

e Utilize guided inquiry of SAM
models In teaching.
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community (either local or through social networking)

subject matter portion of PD must match teachers’
current curriculum

- AERA, “Research Points” (2005)




2 ¢ More PD in a Concentrated Area

Theeﬁc‘.“m e
Comsorm has Positive Outcomes
In Depth Study in Subject Area Technology Integration
50 M lto8hours | >8hours W |lto8hours | >8hours
50
37.5 o
25 75
12.5 2.5
]
0 somewhat 0

somewhat

a lot

- DOE National Center for Education Statistics 2001



Project Design

Consortium

120 hours of PD spread over an online course, face-to-
face meetings, and two summer institutes. Graduate
credit and stipend earned by teachers who successfully

complete each year.

2008 2009 _ 2010 )

Spmg [Sum |Fall Sprng |Sum  |Fall Sprng [Sum  |Fall Totals
Cohort 1
sSummer workshop 30 30 ()
Online course 12 12 12 36
Weekend workshops A H H 24

Cohort 2 _ )

sSummer workshop 30 30 ()
Online course 12 12 12 36
Weekend workshops H H ) 24




ke Molecular Concept Inventory (MCI)
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e Pre-post test of student and teacher knowledge.
e Students took subject specific test.

e [eachers took combination of student MCI tests.
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e Example MCI Test [tem
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33. Imagine a cell that has a membrane through which potassium
lons freely enter and leave. Suppose this cell contains a high
concentration of potassium and is put in distilled water that has no
potassium. Which is the BEST description of what will happen?

a) All of the potassium ions will leave the cell.

b) Potassium ions will move only from high
concentration to low concentration.

c) Potassium ions will leave the cell until there is the
same concentration of salt inside and outside the cell.

d) (correct answer) Potassium ions will reach a point

when they will continuously enter and leave the cell
at equal rates.
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A RI-ITEST Participants
Consortium

28 Participating Schools

Burrillville High School Lincoln High School
Central Falls High School Mount Pleasant High School
Classical High School Narragansett High School
Community College of Rhode Island North Smithfield High School
Cooley High School Ocean Tides High School
Coventry High School Pilgrim High School
Cranston West High School Portsmouth High School
Cumberland High School Rogers High School
Dighton-Rehoboth High School Shea High School
Dr. Jorge Alvarez High School South Kingstown High School
E-Cubed Academy Textron Academy
East Providence High School Tiverton High School
Exeter-West Greenwich High School Toll Gate High School

LaSalle Academy Woonsocket High School
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o Research Findings - Some Stats
Consortium

e Since project started 220 teachers registered In
portal, with over 1/,000 students in those classes.

e |astyear about 4,600 students ran activities,
generating 17,000 reports.

e Doesn't pick up LCD only usage.
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s Student Impact
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Do understand science concepts better after using
the RI-ITEST program?

e 59% yes

Do you feel that you are more interested in science
as a result of working with RI-ITEST?

o 29% yes



b Student Impact

Consortium

How did using this program impact your interest in
taking other science courses in high school or beyond?

n Percentage
Responding

1 — SAM strongly impacted student’s interest in 5 0.58%
taking additional science courses DO
2 — SAM had a positive impact on student’s taking 0
additional science courses 114 13.26%
3 — SAM had no impact on student’s taking 0
additional science courses 395 45.93%
4 — SAM had a negative impact on student’s taking 0
additional science courses 4l 4.1(%
O — Student did not answer the question and/or
offered information that had no bearing on the 302 35.12%
answer
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Biology MCI Results - Cohort 1 Year 1
120
100
80
]
60 pre
M post
40
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
Biology 34% 42% 244 1.9e-15 0.6 Moderate
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.2 MCI Results
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Concord
Consortium Cohort1-Chem
Chemistry MCI Results - Cohort 1 - Year 1
120 |
100 |
80 |
60 |  Opre
B post
40 | |
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’s d Effect size
mean mean paired t-test
Chemistry 39% A47% 348 7.8e-32 0.6 Moderate




3.2 MCI Results
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Consortium COhOI”t 1~ PhySK:S
Physics MCI Results - Cohort 1 - Year 1
60
50
40
30 O pre
B post
20
10
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
Physics 32% 35% 140 0.0015 0.3 Small
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Cohort 1l - Teachers

MCI| Results

Cohort 1 Teachers MCI Results

9
8
7
6
5 O Pre-test
4 B Post-test
3
2
1
0
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 basedon |Cohen’sd [Effect size
mean mean paired t-test
Teachers 73% 76% 17 0.030 0.2 Small
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Number of Teachers
(o)}

4 Bpre
Bpost
2
0
0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100
Test Score

Cohort 2 Pre-test  |Post-test n |p-value basedon |[Cohen’sd |Effectsize
Group mean mean paired t-test

Teachers 12% 80% 24 5.3e-6 0.8 Large
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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.”




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.




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.”
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care o Contact Info

Consortium

Dan Damelin

ddamelin@concord.org
http://ri-itest.concord.org

Explore other projects at:
http://www.concord.org/projects
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