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How important is education?

In March 2001, the U.S. Commission on National Security/21st Century .... on which | served
wamed that the crisis in scientific research and education is
the second greatest threat facing American national

secu rlty. In fact, the 14 bipartisan members unanimously agreed that the ‘inadequacies of
our systems of research and education pose a greater threat to U.S. national security over the
next quarter century than any potential conventional war that we might imagine.” The

Commission went on to assert that Only a nuclear or biological
weapon released in an American city [is] a greater
threat

-Newt Gingrich, AEI
Open letter to Congress, May 2005

A Crisis in US Education

U.S. ranks:

24 out of 30 in science

31 out of 30 in math ;-)
- PISA 2009

International Rankings - Science
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A Crisis in US Education

U.S. ranks:
21 out of 30 in science
25 out of 30 in math

- PISA 2006

International Rankings (science)
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Challenges in US Education

1 Million more STEM grads
needed over the next decade

HELP WANTED 8%
"“‘3{}&,‘5‘?“’:5 | 100,000 more STEM educators |
EDUCATION
REQUIREMENTS
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APS/AAPT Doubling Initiative
Mission Statement (2007)

We advocate doubling the number of bachelor degrees
in physics to address critical national needs including

K-12 education, economic competitiveness, energy, security,
and an informed electorate.

How might this happen?
- Better preparation

- Retention

Traditional Model of Education

Instruction via ..
—_—
transmission Ind|V|d Ual

Content

A Wakeup Call

* Force Concept Inventory*
* Multiple choice survey (pre/post)
¢ Experts (especially skeptics!)

A necessary (not sufficient) indicator of
conceptual understanding.

* Hestenes, Wells, Swackhamer, Physics Teacher 20, (92) 141, 1992

Sample question

(A (B
.

Looking down at a track (flat on table), a ball enters at point 1 and exits
at point 2. Which path does it follow as it exits (neglect all friction)?

R. Hake, ”...A six-thousand-student survey...” AJP 66, 64-74 (1998).
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Force Concept Inventory

red = traditional, blue = interactive engagement

0.5

post — pre
0.4 =

100 — pre
03 CU-IE w/

Fraction of e e
Courses tl;ad. recitations

0.2 I
o1 ————.

008 016 024 032 04 048 056 064 072
<= Less Learning < g> More Learning ==

CU - IE w/
T

atorials

0

R. Hake, "...A six-thousand-student survey...” AJP 66, 64-74 (1998).
S. Pollock and N. Finkelstein, PRST-PER 4, 010110 (2008)

Can high school students learn
more from interactive techniques
adapted from university physics
courses?

Students debate a concept test

Overview

* Transforming the classroom
— Concept tests/Peer instruction
— In-class activities/tutorials

* Quantum Simulations
— Lasers (!!)
— Matter waves

* Quantum Interpretations

Many PER curricular innovations

iectare PHYSICS
BY INQUIRY

Demonstrations

Introductory

Login | Register
About Us | Contact Us

A PER User’s Guide

teaching physics

Methods & Materials Whatis PER? Connect with PER Users  Why use PER Methods?
Which method is best? Showing 54 out of 54 evidence-based teaching methods
It dopends...Slec feria it B Inicatos a research demonsiated benaft
match your needs below
Peer Instruction (Goncept Tests, ConcepTests)
> % Research Validation ~ ©
Lovel Intro Collogo Caic-based B, Inro Colego Alg-bases %, more » Ametnod for creating more

> % Type of Method

interactve engagement in

Soing Large Lo B, G o st o S lss ), e e e

Coveraga  Many topics withless depth - Roquires

repiacinglecures wih smal
P Effort Low- (i sitabe ConoepTess ae. group discussions of
Resources  Multple choice questons and poling method. A conceptusl questons,
Instructional Setting e - folowed by wholeclass

discussions, wih... more »

and mathematical understandng, more »

> W Coverage

T I PhET Interactive Simulations (Pher Simuistions)
Level oo Coliege Calobasea™®, o Cotege Ag-based ® mare s PAET sinuatons provide

> Sattin arge Lecture B, Restator i Small Class, more » itaractve, game-tka

b &9 Instructor Effort Req.  © 9 Large Lookurs ™, Reckufon ™, Lab ", Small Ch environments which enabie
Coverage

> ot Low connect o therea wor, and
Resources  Access to computers either in or outside of class. T

hatexpers use by, for
> 7 SudentSkilsDev. o S ” 3]

oampl, .. more »

. Connacting conceptual and mathematicalunderstanding, more »

I/ Te2ching with Clickers (persona response systems, PRS, electronic vtingsystems, lassroom
response systems)

[ Qquesionz & more photons will come out right hand end of tube

Concept Tests

Consider this glass tube full of atoms, discharge lamp

Expect that on average

%3

b. less come out right
ww” ¢ same number as go in
——— d. none will come out.
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Arguments against using concept tests

- Eats up time
Important ideas can be complex

- Discussion easy in small classes
We/they don'’t always know they need to ask
questions

» Students may resist
But perhaps only initially...

Extra effort for teachers
Question banks available if you want to try!

Tutorials in Introductory Physics

Reconceptualize Classroom Learning
 Materials
+ Classroom format / interaction
* Instructional Role

1.

Tutorial Materials

losin - creste an sccount - heip

T —( [

% comPADRE

Physics and Astronomy Education Communities

Explore the Collections | Events  Partners People Collaborate Community Services _Contact Us _About ComPADRE

AT IBETE, resources for physics and astronomy communities

Participate!

Hands-on, Inquiry-based, Guided, Research-based

Assignment 11M:
Buoyancy

Tutorial section_____________

Name

Featured Collection

The Nucleus

The ComPADRE Digital Library is a network of free

online resource collections supporting faculty, students,

and teachers in Physics and Astronomy Education.
Each of our collections contain materials designed for a
specific community. Browse below to find a collection
right for you

For Students For Teachers.

‘ComPADRE is powered by your submissions.
We encourage you to loaln and contribute!
ration Is free.

Collaborators

ComPADRE s working with multple groups
Interested in faciltating physics educators.

TEmm FMERLOT [PADs ~

Three objects are at rest in three beakers of water as shown.

a. Compare the mass, volume, and density of the objects to the mass, volume, and density of the displaced
water. Explain your reasoning in cach case.

Object floats on top

O

Object floats as shown

O

> >
18 Mgbject | < | Misplaced water? Is Matjeet | < | Maispiaced water?

Object sinks

S
15 Mgt | < | M worr?

Exnlain Exnlain Exnlain

login - create an account

Q the

exchange fseocrve oon. ] searn]

Welcome!

Welcome to the Quantum Exchange, a collection of information and resources for teachers of
quantum physics. The resources in this collection are supplements to standard quantum © Aporoximation Technlgues
textbooks and include student actvities, background information, and 2pplications. New * Bound State Systems
users may create an account to personalize their use of the Quantum Exchange. This will « Entanglement and
allow them to suggest resources, add comments, and organize resources. ‘Quantum Information

« Foundations and

i S Measurement Theory
QuVis: The University of St Andrews  + General

Quantum Mechanics Visualisation Mt

* probabily, Waves, and

project
A collection of animations to support

quantum physics classes. Interference

State Systems.
Recent Discussions  Spin and Finit
e

QuantumLab
Modern quantum optics experiments
illustrated and explainet

« Backaround
« Tutorials
« Activities

Feb 20 Improving Students’ Understanding
of Quantum Mechanics

Feb 20 Numerical Solutions to the
‘Schrodinger Equation

Feb 20 Improving students” understanding
of quantum measurement. I,
Investigation of difficulties

Feb 20 Improving students” understanding
of quantum measurement. 11
Development of research-based
learning tools

‘A website with research and Nucleus Physics Front

more about our collaborators o explore

learning resources for physics potential collaboration opportunities.

Community, schalarships,  Resources for K-12 physics
research, & more teacners

Sponsors and Partners
Did You Know?
Prysic 9 Go s i €5 164th
issve! View archved ssues here.

Bhysics Careers Resource  Physics to Go

Career resources & options  Fun physics images & articies ComPADRE 's genercusly supported by e
Bhysics Classroom following organizations:

Aphysics tutorial Abroad collection of physical

DLV,

“The ComPAORE Digtal Ubrary ' Physics to Go

Rovoni onine maszi
BN SIDIL e, e et e

Soonsored n art oy NSF grants

e

52 ‘Advanced Labs
Open Source Physics Junior and Senior Labs

Learn more about our sponsors and partners!

PER-Central Astronomy Center
Physics Education Research  Introductory Featured Events
Community Resources

PER User's Guide Physics Sour i Physics Classroom Updates!
Evidence-based resources for  Introductory Physics Course
teaching physics

Upcoming OSP Events
psRC Quantum Exchange
Physical Sciences Resource  Quantum Physics Resources.
Center

‘Spacetime Emporium

Trad’l Classroom Vs.

Tutorials
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Socratic Dialogue
|

learning .
assistant =

whiteboards
for public
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Impact on different pretest populations:
"low starters" pretest <=12.5%

05 ']
<> 04
03
0.2
0.1
Tutorial Traditional
(% of class in this pool) (23%) (22%)

S. Pollock, 2005 PERC proceedings

Impact on different pretest populations:
"high starters" 50<pre<93%

0.9

0.7

<8> o5

0.3

0.1

Tutorial Traditional
(% of class in this pool) (13%) (14%)

S. Pollock, 2005 PERC proceedings

Long Term Impacts
Upper-Division Physics Majors — BEMA Scores
1.0

0.9

08 Grade in course (334

0.7

311 3.0x1)

average BEMA score

F04-FO5 S06-S07
Semester in upper-division E&M (I or 1)
B No Tutorials
Had intro E&M with Tutorials

S. Pollock, PRST-PER 5, 020101 (2009)

It’s not about our teaching,
it’s about creating

environments that support
student learning

http://phet.colorado.edu

Home Simulations >New Sims

b Simulations
» New Sims

Switeh to Index:

Physics -
Biology >
Chemistry

Earth Science %
Math

Cutting Edge Research
By Grade Level

Graphing Lines Radiating Charge Forcesand Wation

Al Sims e =
Translated Sims
o

For Teachers 2
Stay Connected
How to Run Simulations
Troubleshooting

Bulld a Fraction

FAQs
For Translators =
Donate = <
Research [N
About PhET
Principal Sponsors Fractions Intro Fraction Matcher Fluid Pressure and
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Ph T Interactive Simulations

L.

http://phet.colorado.edu

Home

+Simulations Swich o Index

Physics - ——
Wotion e ;
A h e
Work, Energy & Power _= - |

» Quantum Phenomena
Light & Radiation
Electricity, Magnets & P r——

Circuits. -
Biology
Chemistry

Earth Science

Math Quantum Wave Neon Lights & Other
Cutting Edge Research Interferance Discharge Lamps
By Grade Level

Al Sims.

Translated Sims

For Teachers
Stay Connected g -
How to Run Simulations

Fourler: Making Simplified MRI Models of the
Waves Hydrogen Atom

Interactive Simulations

I

http://phet.colorado.edu

Home Lasers
»Simulations.
pumping
New Sims Ghamber with a photon beam.
Physics Manage the energy states of the
o lasers atoms fo control s output.

(000

learninz.com

Sound & Waves
Work, Energy & Power
Heat & Thermo

» Quantum Phenomena

» Light & Radiation
Electricity, Magnets &

Circuits

Biology

Chemistry Embed | Version: 408 (change log)

General Chemistry
E":‘;’““"‘ Chemistry TEACHING RESOURCES See Below
arth Science Main Topics Transiated Versons >>

Math Software Roquiraments >>

» Cutting Edgo Resoarch o Laser cree

« Photon Beams
By Grade Level « Quantum Mecharics
Elementary School
» Middle School
» High School
» Universit

Sample Learning Goals

W explain t

oquirements or each to ocour.
. works.

Modern Physics for Engineers
“I think quantum mechanics is an interesting subject."

¥ AGREE O NEUTRAL B DISAGREE

Pre-Instruction Average  Post-Instruction Average

New Modern Physics Curriculum

« Expose students to ideas regarding interpretive themes from the
historical development of QM.
= Complementarity/wave-particle duality
= Wave function collapse
= Entanglement/non-locality

* Present canonical experiments on foundations of QM.
= Single-quanta experiments
= Distant, correlated measurements

* Introduce contemporary topics in quantum information theory.
= Computing, cryptography, etc...

Modern Physics

COURSE MATERIALS

e -

Home About the Course Browse Materials QM Sims Associated Research  Download All Materials

Modern Physics Course Materials

Please contact Charles Baily if you would like to be notified when these materials are updated.

Contact

Or. Charles Baily
University of Colorado
|Are you using these materials? Please contact us if you plan to use all or part of Campus Box 390
ithese course materials for your own modern physics course. If you have already used these| Boulder, CO 80309
Imaterials, please fill out a short survey (~ 5 min.) about your experience. Your valuable Eal

feedback will help us understand where and how these materials are being used, and ways | 'CRCC HOMEPagE
they might be improved.

Materials for other courses

Classical Mechanics
Modern Physics is the third semester in our three-semester sequence of Electrostatics
_ Electrodynamics
introductory physics courses. It comes in two flavors at CU: a course for engineering
e Quantum Mechanics
students (PHYS 2130), and one for physics majors (PHYS 2170). These course R
materials have been used in both environments.

‘These materials were first developed and used by Carl Wieman, Kathy Perkins, and Sam McKagan in Fall 2005 and Spring 2006. They
have seen significant additions and improvements over the years (see below), and the latest versions include the following topics:

* Special relativity
 Photoelectric effect
* Atomic spectra and lasers.
« Bohr and deBroglie models
 Stern-Gerlach, entanglement & single-quanta experiments
© Matter waves and the Schrodinger equation
 Tunneling, a-decay, STM's
» Hydrogen atom and molecular bonding
dutiviry BEC

Modern Physics for Engineers
“l think quantum mechanics is an interesting subject."”

¥ AGREE O NEUTRAL B DISAGREE

Post-Instruction
ENG-INT

Pre-Instruction Average  Post-Instruction Average
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Double-Slit Experiment
(photons or electrons)
1. A plane wave is incident
on the double slit.
i =3
H 2. Waves spread out i
ak
Ivchm}l each slit *
; \ m=2
\ b & m=1
) e
! m=0
M)
1)) R
/ m=1
— ]
the double slit m=2
3. The waves interfere in the - m=3
region where they overlap.
4. Bright fringes occur where { m=4
the antinodal lines intersect
the viewing screen.

[ EHiGHntensioy [ singl partices 2 asers BIHE

(] Ruler f
Screen

F  Fade | Clear | [ Copyscreen LSenarh é
Screen Brightness
Reset
e =
0.0 05 10 | Clear Wave |
EM Wave Display
@® Time-Averaged Intensity
O E-Field
[ Disable sits<<_|
M Absorbing Barriers
Slt width
A
O rhoons v Sit Separation
——
Gun Controls [ o
© Auto-Repeat [vuml Position
a () Anti-Siits
[ Potental Barriers>> |

| Detectors>> |

@ 1) & rapid
L

Double-Slit Interpretation

W Realist

= Agnostic

B Matter-Wave

ENG-R/S ENG-MW PHYS - C/A ENG-INT

http://www.hitachi.com/rd/research/em/doubleslit.html

* [Realist] Each electron is a tiny particle that went
through one slit or the other.

* [Matter-Wave] Each electron went through both
slits and interfered with itself.

* [Agnostic] We can’t say what the electron is
doing between being emitted and detected.

0.9

"When not being observed, an electron in an atom
exists at a definite but unknown position
at each moment in time."

0.8

B AGREE W NEUTRAL M DISAGREE

0.6 7

0.5 7

0.4 -

03

0.2 7

0.1 7

ENG-R/S ENG-MW

PHYS - C/A

ENG-INT
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0.9

"The probabilistic nature of quantum mechanics is mostly due
to the limitations of our measurement instruments."

B AGREE ENEUTRAL M DISAGREE  post-Instruction

ENG-R/S ENG-MW PHYS - C/A ENG-INT

“l think quantum mechanics is an interesting subject."”

Y1 maeree NEUTRAL M DISAGREE

] Post-Instruction

08

07

06

05

04

03

02 - I

01 i - L
04 &

ENG-R/S ENG-MW PHYS - C/A ENG-INT

s

Student Reflections

“l entered Physics 3 with a bitter taste in my mouth.

Yet, some fragment of my mangled ego compelled me to continue
down the path | was on. | have always found physics to be the
most intriguing subject, and | was not about to let one class ruin
it. | approached Physics 3 as the deal breaker: if this class was like
its predecessor, then maybe mechanical engineering was a more
apt major. [...] Throughout the course, the almost magical results
quantum mechanics attained reassured me that | am in the
correct major. The teaching style in conjunction with the
material made quantum physics attainable. | am not
sure if it was the teaching that rejuvenated my passion
or the material itself; either way | welcomed back my
old friend, physics, with open arms and anticipation.”

Questions?

Much more at:

@ per.colorado.edu/cts
per.colorado.edu/ModernPhysics
stemclickers.colorado.edu

phet.colorado.edu
perusersguide.org
www.compadre.org/quantum
www.falstad.com/mathphysics.html
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