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Recent Teaching Awards

John Lajoie
« LAS Outstanding Introductory Teaching Award, 2000

Steve Kawaler

« LAS Master Teacher 1999-2000

« J.H. Ellis Award for Excellence in Undergraduate
Introductory Teaching, 1999
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1999 ISU Teaching Awards

1999 I5U Teaching Award Recipient

Steven D. Kawaler
Professor of Physics and Astronomy

The James Huntington Ellis Award for Excellence
in Undergraduate Introductory Teaching

The Jarnes Huntington Ellis Award for Excellence in Undergraduate Introductory Teaching
recognizes a faculty member who, in teaching an introductory course, demonstrates creativity in
improving its quality, excites interest and involvement without compromising scholarship, and
erthances student performance in future courses. Ellis graduated from Iowa State's division of
industrial science i1 1928 and had a successful financial services brokerage career that spanned
more that 50 years. Ellis established this award to honor those professors like his "who made
their courses interesting" A $1,000 award 15 granted.

Steven Eawaler 15 an outstanding teacher, with top ratings from the students. He organized the stars, galaxies, and
cosmology parts of the freshman non-major course, Astro 150, He then created a new second course called Astronomy
Bizarre tor non-majors who wanted to pursue the material in more depth. In 1994 he co-authored a texthook, Introduction
to Stellar Structure, with C J Hansen He has directed the Ph D research of two students and is very active teaching at
both the undergraduate and the graduate level He 15 consistently rated both by peers and by students as a truly exceptional
teacher In 1995 he was awarded the By-Fellowship to take a yearOs leave of absence at Churchill College, Cambridge,
England. He 15 an expert in pulsating white dwarf stars that have time variations of a day or two, meaning that these stars —
should be observed by coordinated telescopes located strategically around the earth so that continuous observations can be

made as the earth spins.

Tir Fawaler received his B A from Cornell TThiversitsy and his Ph T from the TThiveraits nf Tewas- Anstin He rame tn f
b




Recent Teaching Awards

John Lajoie
« LAS Outstanding Introductory Teaching Award, 2000

Steve Kawaler

« LAS Master Teacher 1999-2000

« J.H. Ellis Award for Excellence in Undergraduate
Introductory Teaching, 1999

Paul Canfield
 LAS Master Teacher Award 2001-2002
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Research masters

Four College of Liberal Arts
and Sciences faculty members
named Master Teachers for
their work with undergruate
assistants

Four faculty members in the College of Liberal Arts and Sciences (LAS) at Towa State
University have been named Master Teachers for 2001-02.

This is the third year of the LAS Master Teacher program, which recognizes teachers
who have a reputation for using unique methods to enhance student learning, This
year's awards recogrize individuals who have been successful in involving Towa State
undergraduates in research situations. Previous LAS Master Teacher classes have
focused on technology use in the classroom and large lecture classroom instruction.
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Research masters

For four faculty members in the College of
Liberal Arts and Sciences, mnvolving
undergraduate students in the research process is
vitally imnportant.

As aresult, the four have been chozen as LAR
Master Teachers for 2001-02. The Master
Teacher program recoghizes teachers who have a
reputation for using unique methods to enhance
student learning. This vear's awards recognize
individuals who have been successful in involving
Towa State undergraduates in research situations.

The four LAS Master Teachers, who will plan
teaching methods seminars and n-class
demonstrations throughout the academic year,
are:

Paul Canfield, professor of physics and
astronomy. Canfield fully involves undergraduates
i1 areas of his research group and has served as a
mentor for the honors program since 1997,

Many of his students have published papers in top
acadernic journals and after graduating from Iowa
State have been accepted into top graduate
programs.

"Paul's incorporation of undergraduates in
research has been exemplary over the years and

his style of mentoring 1s highly interactive and
EUPICES R A | R B PRV B I PO N L T g | ﬂ
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Lynch receives White
Graduate Faculty Award

Da,vid Lynch, Distinguished Professor of

physics and astronomy, was one of two Iowa
State faculty members to receive the Margaret
Ellen White Graduate Faculty Award during
the 2001 Spring Convocation earlier in April.

The award is given annually to two professors
who have been resourceful and influential role
models to graduate students, while enhancing
the student-protfessor relationship.

The award was founded in 1987 by Margaret

: L : : For more information contact
Ellen White, a former administrative assistant Dee Giatke. Puitlic Rehtions -

on campus. Graduate student senators nominate 515-704-7747

a taculty member of the graduate faculty from

their department who has worked with at least Peter Rabideay - Dean _

six graduate programs of study. A Graduate Lawrence [ll - Technology Coordinator

- / Andrew Borcherding - Weh Designer
Student Senate committee reviews the

nominations to choose the finalists, who are Page Viewing or Printing Problems
then recommended by a university panel as

. . Y typ Copyright @ 2001 College of Liberal Arts &
final recipients of the award. S cinoes
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Education-Related Projects

Lee Anne Willson
— development of web-based astronomy course

Marzia Rosati (with A. Goldman, J. Hauptman, S. Kawaler)
— Research Experiences for Undergraduates project (NSF grant)

John Hauptman
— QuarkNet (NSF grant), “Newspaper Physics” course

Laurent Hodges

— curricular materials for calculus-based physics with enhanced
interactivity

Craig Ogilvie

— new instructional methods for physics problem-solving

Paula Herrera-Siklody

— use of U. Washington “Tutorials in Introductory Physics” in
calculus-based physics recitations
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Polaris Home | Sitemap | FAQ | Credits

North Star | Evening Star | Destination Star

The Polaris Project iz a home for on-line course
offerings in Astrophysics and Astronomy at Iowa State
University, located in Ames, Towa, US4 The courses
offered here are full sermster, accredited courses
available to students regardless of their location around
the world.

Students, young and old, simply need a computer with
web access and an e-tnail account to etroll through the
Polaris Project in a fully accreddited course at Iowa
State. Al correspondance with the instructors, teaching
assistants, and other students 13 conducted wia e-rnail
and on-line postings.

lowa State University, Ames, lowa 50011, (515) 2844111
Published by: Dapt. of Physics and Astronomy, (515) 2945440
Copyright 2 2000-2001, lowa State University. All rights reserved.

[On-line courses in Astronomy and Astrophysics]
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The People Behind Polaris Project

FPolaris Project hManager and Creative Douglas Bennett
Developer:
Scientific Authority: Dr. L. W Willson
Lead Web Designer and 3D Artist: Travis Engelhaupt
Web Designers and Graphic Artists: Eunice Cho
Anne MacDonald
Premnath Sundharam
E Tuwono
Technical Advisor: J Willson
Pedagogical Advisor: J Dostal

This project was made possible by support provided by the Department of
Physics and Astronomy, and the encouragement of Alan Goldman,
Department Executive Officer.

Photo Credits

o Image of the Earth and Other Planets Used Frequently - Courtesy of Jet
Propulsion Laboratory. Copyright (c) California Institute of Technology, Pasadena,
Ca All rights reserved. Based on government-sponsored research under contract
WARY-1407.

s Star Trails Image - Courtesy of Anglo-Anstralian Observatory. Used with
perrission. http /fwwnw. aao. gov.aw/images html

» 3D Model of Greek Ship Used in North Star - Courtesy of Greg Crowtoot. TTsed
with permission.
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Online astro class offers interactive learning i
Jana McBride {owa State Daily) bbbt
August 31, 2000 I
aptions

A new way of l[ooking at the stars will soon be availahle online through lovwa State.

The Polaris Project, a series of semester-long online astronarmy classes, will enahle students from around the m aﬂdguur
wiortld to explore the night sky via the Internet. The 100-level course, which is geared mainly toward college feedba
| [ | I or read what others

freshmen and advanced high school students, is expected to be offered this spring. have to say

"There are a lot ofthings we can do that a hook can't,” said Lee Anne Willson, university professar of physics and

astronomy who spearheaded the program. Advertisement :

Advantages ofthe online classes include animation of diagrams, computer graphics, discussion and chat groups,

Willzon said. Another potential of the online class will be to build cooperative arrangements with students M

wotldwide, she said. NOT b
ENOUGH

ART

The initial idea for the Paolaris Project came fraom aworkbook Willson created several years ago for an introductory IN OUR

astronormy class. Production Manager and Creative Directar Doug Bennett, graduate assistantin astronomy and SCHOOLS.

physics, and graphic designer Travis Engelhaupt were two students who helped make the project a reality.

Engelhaupt, sophomore in computer science, said his involvement in the project happened by luck, A physics

major atthe time ofthe development, Engelhaupt was at a Physics Club meeting when Willsan asked for help

from students. Engelhaupt said he spends anmypwhere from three to 40 hours perweek on the project. Poison Ink

“When the deadlines come around, then you're wishing youwere someplace else," he said, even though he said it
is still warth it. "WWe used a lot of great technology and new software on the marketto aid us. [ am really pleased
with what we have."

Several students are enrolled in the trial run ofthe first course, titted MNorth Star, which explores the night shky
starting in the backyard. Willson said students who want to be part ofthe initial testing can still sign up for
Astronarmy 290 and earn a credit for offering feedback.

1# hs 1 1N
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Education-Related Projects

Lee Anne Willson
— development of web-based astronomy course

Marzia Rosati (with A. Goldman, J. Hauptman, S. Kawaler)
— Research Experiences for Undergraduates project (NSF grant)

John Hauptman
— QuarkNet (NSF grant), “Newspaper Physics” course

Laurent Hodges

— curricular materials for calculus-based physics with enhanced
interactivity

Craig Ogilvie

— new instructional methods for physics problem-solving

Paula Herrera-Siklody

— use of U. Washington “Tutorials in Introductory Physics” in
calculus-based physics recitations
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NSF Award Abstract - #9987976

REU Site for Research in Physics and Astronomy at Iowa State University

NSF OrgPHY
Latest Amendment Date Tune 24 2002
Avvard Number 2287576
Award Instrument Continuing grant

Program Manager Lawrence 5. Brown
PHY DIVISION OF PHYSICH
WMPE DIEECT FOR MATHEMATICAL & PHYRICAL SCIEN

Start Date Miay 1, 2000
Expires April 30, 2003 (Estimated)
Expected Total Amount $161100 (Estimated)

Investigator Marzia Rosati mrosati@iastate edu (Principal Investigator current)
Alan I Goldman (Co-Principal Investigator current)
John M. Hauptman (Co-Principal Investigator current)
Steven D. Kawaler (Co-Principal Ivestigator current)

Sponsor Iowa State University
2207 Pearson Hall, Room 15
Ames, IASC00112207 515/294-5225

NSF Program 9134 EDUCATION & INTEEDIECIP RESEAR
Field Application 0000099 Other Applications NEC
Program Reference Code 21782250, 5MET,

Abstract

AWEFLO0E-DE3

The goal of the Fesearch Experiences for Undergraduates (REU) site in the Physics and Astronormy Departrnent of Iowa State
University is to encourage more students to continue their science education in upper-division courses and graduate programs, and
to help them realize their full potential. Each sumnmer, undergraduate students will spend 10 weeks actively engaged in basic research
rroiacts under the direction of farlty members Shidents will he inteerated into the research oronns of their mentors nrowiding &




IOWA STATE UNIVERSITY

Research Experiences in
Physics and Astronomy
for Undergraduates

Program:

loin us to participate in basic research with a faculty advisor in one of the following areas: astronony,
condensed matter physics, high energy physics and nuclear physics.

Eligibility:

To apply,  you must be US citizens or permanent residents. Women and minorities are especially
encouraged to apply. Preterence is given to physics and astronomy majors who will have completed their
Junior year by this summer,

Suppaort:

33000 stipend tor the 10-weelk summer appointment
travel costs up to 5500
Free on-campus housing.

To apply:

Weh site:  http:ffwwaw. public.iastate edul ~ physics/REL
E-mail to:  reu-physicsi@iastate.edu
Iail: REU Program cfo Ws. Erlene WMooney
Department of Physics and Astronomy
lowea State University
Ames, [A 50017-3160 LISA

Application deadline is February 24, 2002,
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[Summer research program for undergraduates]

Ry R Research Experiences for Undergraduates (REU)
coneiEl in Physics and Astronomy
Projects with the support of
REU Applcaion National Science Foundation & Iowa State University
REV2000) May 28 - August 2, 2002
REUZ001
REU/SU 15 a program of research expertence in physics and astronomy for
REU2002 undergraduates at Iowa State University. All interested undergraduates are

inwvited to apply for this 10 week surnmer program of research in the
Department of Physics and Astronomy of Towa State University in Ames,
Iowa. The starting and ending dates are flexible and may be adjusted to fit
personal schedules,

INTERNSHIPS are available with research groups in Condensed Matter, High
Energy, Muclear Physics, Astrophysics. Students will work on projects
spanning the diverse interests of a comprehensive research department.
During the 10 week mnternshup, students will carry out well-defined projects
within research groups composed of graduate students, postdocs and faculty
mermbers.

ELIGIBILITY REQUIREMENTS: You must be a US citizen or permanent
resident enrolled in an undergraduate degree program in physics or
engineering physics. Members of groups under-represented in Physics are
especially encouraged to apply.

STIPENDS: stipend 15 $300/week. In addition, we will support travel
(receipts) to and from your home address or home institution up to $500, and hd
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2001 REU in Physics and Astronomy
RIS CSfErASomomy,

Michael
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earch Experiences in Physics and Astronomy for Undergraduates
lowa State University Summer 2001
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sSummer jobs

It's something that Marzia Rosat1, assistant
professor of physics and astronomy, has wanted
to offer tor several vears In fact it's a dream that
dates back to her own undergraduate education

'T wish I could have had this opportunity," she
says.

Instead REosati and the physics and astronomy
department had to settle on offering the Eesearch
Experience for Undergraduates (RET) program
this past summer. Through a three-year National
Acience Foundation (NEF) grant, the department
established a 10-week internship program on the
Iowa State campus.

Mine students from colleges and universities
across the Midwest were selected to participate
last summer in the first year of the grant.
Internships were provided to the undergraduate
physics majors with ongoing Iowa State research
groups in condensed matter, high energy, nuclear
phisics and astrophysics. Each student was
assigned a faculty mentor and carried out well-
defined projects within those research groups.

Eosatt, who coordinates the RET project, had
explored offering such a program in recent years.
Several other rollesea nhwsics denartments offer =



Education-Related Projects

Lee Anne Willson
— development of web-based astronomy course

Marzia Rosati (with A. Goldman, J. Hauptman, S. Kawaler)
— Research Experiences for Undergraduates project (NSF grant)

John Hauptman
— QuarkNet (NSF grant), “Newspaper Physics” course

Laurent Hodges

— curricular materials for calculus-based physics with enhanced
interactivity

Craig Ogilvie

— new instructional methods for physics problem-solving

Paula Herrera-Siklody

— use of U. Washington “Tutorials in Introductory Physics” in
calculus-based physics recitations
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Newspaper physics

New learning community
combines physics, English.

Every day John Hauptman, professor of
physics and astronomy, looks at the
newspaper - several newspapers.

L Not only does he peruse the local media,
but he also lools at newspapers from all
over the nation.

'Tve always liked newspapers," he said "I
usually spend a couple of hours a day
reading newspapers because they
typically provide a breadth and depth that
other media can't."

Throughout his teaching career,
Hauptman has brought newspapers into
his classroom. Now Hauptman has taken
that approach one step further with a
"newspaper physics' course that has

" developed into a learning community
with the Department of English.

i
I I I I | —
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4 This unique learning community links

~ physics at the 101 level and English 105.
" Btudents meet for two hours of physics
and two hours of English per week. In

| addition, every other week, the students
: join a two-hour writing workshop
e d composed of Jennifer Thornburg, who
IR " teaches the English component of the

* learning cormmunity, and a magiroum of
four students.

TR = 7‘:

"The physics discussions are appropriate
for non-science students," Hauptman
said. "We actually talk about things in the
newspaper that relate to physics. There 1s
§ 5o much more stuff than I can include in
. the class."

| The learning community includes
students from majors throughout
campus, including journalistm,
engineering, political science, English,
psychology, design and public relations.
Education major Claire Robyt decided to
take the course even though it didn't
count for any of her credits.

[Combined PhySiCS =+ EninSh 'T thought it sounded like a good way to

teach a science course and I thought T

course with Writing WOI'kShOp] could learn something that T could relate
i an elementary or middle school
classroom," she said.

Some of the newspaper articles that

Hauptman has discussed with a physics

aspect include pole vaulting, satellite

photos of an ancient settlement in

northeastern Svria, "snow -
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2002-2003 Miller Faculty Fellowships

Title:
Proposer(s):
Department(s):
College(s):
Abstract:

Developing Higher-Order Problem-Solving Skills in Introductory Physics
Cratg Ogilvie, David Atwood

Physics & Astronomy

Lagd

MMany science and engineering students attempt to solve problems by searching their memories for the "right"
equation that they can then plug values into. Because this "plug-and-chug" approach fails for complex and unfarmmliar
problemns, students trained in this way often struggle while at university and as they begin their future careers. Our
goal 15 tor students to learn a problem-solving process that focuses on identifying the underlying principles within
the complex problern and from there building a solution.

Eey will be having students practice the process in highly-interactive small groups within a large enrollment course.
We will implement these changes first in one course (Phys 222) and 1f this 15 successtul it will be rolled-out over
the next two years to all sections of introductory calculus-based physics courses (221 and 2223 These changes will
inpact 1000 students for two semesters each year. Armed with stronger problem-solving skills, students will be
better prepared to solve complex and original challenges throughout their academic career and then lifelong in their
professional occupations.

Last Updated: 14 Iiar 2003 httpdiwramw ote fastate, edudfellowrships/miller/proposalz 2002- 2003 htiml Contact

[New instructional methods and assessment
techniques for physics problem-solving]
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[Research-based active-learning

UW Department of Physics curricular materials for Physics 221]

Tutorials in Introductory Physics
L.C. McDermott, Peter 8. Shaffer, and the Physics Education Group
at the University of Washington

First Edition
Prentice Hall, Upper Saddle River, T, 2002
IEBN 0-13-065364-0

Tutarials i troductory Fhysics 15 a set of instructional materials intended to supplement the lectures
and texthool of a standard introductory physics course. The emphasis in the tutorials 15 not on solving the
standard quantitative problems found in traditional textbooks, but on the development of important physical
concepts and scientific reasoning skills.

There 15 increasing evidence that after instruction in a typical course, many students are unable to apply the
physics formalizm that they have studied to situations that they have not expressly memorized. In order for
meaningful learning to occur, students need more assistance than they can obtain through listening to
lectures, reading the textbook, and solving standard quantitative problems It can be difficult for students who
are studying physics for the first time to know what they do and do not understand and to learn to ask
themselves the type of questions necessary to come to a functional understanding of the material.

Tutarials in Introdiuctory Physics provides a structure that promotes the active mental engagement of students in the process of
learning physics.

Cuestions in the tutorials guide students through the reasoning necessary to construct concepts and to apply them in real-world
situations. The tutorials also provide practice in interpreting various representations (e g, formulas, graphs, diagrams, verbal
descriptions) and in translating back and forth between them For the most part, the tutorials are intended to be used after concepts
have been introduced in the lectures and the laboratory, although most can serve to introduce the topic as well.

The tutorials comprise an integrated system of pretests, worksheets, and homework assignments. The tutorial sequence begins with a
pretest. These are usually on material already presented in lecture but not yet covered in tutorial. The pretests help students identify
what they do and not understand about the material and what they are expected to learn in the upcorming tutorial. They also inform the

[ ] 1 1 il 1 1 1 1 1 1 (R}



Physics Education Research
Group (PERG)

David E. Meltzer, Director
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Research Group

Home About Us Members Media Links
Current Projects Fublications and Preprints Invited Presentations Contributed Presentations Workshops

Department of Physics and Astronomy
lowa State University
Ames, lowa

Welcome to the website for Towa State University's Physics Education REesearch Group! Follow the links on
the navigation bar to find out more about our teaching and research. T

About Us

Learn about the purpose and goals of Iowa State's PERG.
Members

Find contact information for students and faculty involved in the PERG.
Media

Watch physics education mn action at Towa State,
Links

Find other physics education resources on the web.
Current Projects

Explore the PERG's latest projects.
Publications and Preprints ﬂ

www.physics.iastate.edu/per/




Collaborating Faculty

Tom Greenbowe (Chemistry Dept.)
Laurent Hodges

Craig Ogilvie

Lee Anne Willson

Post-doc (part-time)

Irene Grimberg

External Collaborators

Kandiah Manivannan (Southwest Missouri State University)
Leith Allen (Ohio State University)
Laura McCullough (University of Wisconsin-Stout)



ISU PERG Students

Undergraduate Students
Agnes Kim (teaching assistant)
Nathan Kurtz

Sarah Orley (teaching assistant and website designer)
Eleanor Raulerson (Grinnell student, now at U. Maine)

Graduate Students
Tina Fanetti, (M.S. 2001; Co-Major Prof.: L. Willson)
Jack Dostal (defended M.S. thesis 2000, not yet graduated)

Larry Engelhardt (switched to Condensed Matter Theory)

Ngoc-Loan Nguyen (M.S. expected 2003)
Warren Christensen



Active PER Groups in Ph.D.-granting
Physics Departments

> 10 yrs old

5-10 yrs old

<35 yrsold

*U. Washington (1 S, 1 J, 1 R)
*Kansas State (1 S, 1 J)

*Ohio State (1 S [ret], 1 J)

*North Carolina State (2 S + 2 p-t)
*U. Maryland (1.5S + 0.5 S Ed)
*U. Minnesota (1 S p-t, 2 [S, J] Ed)
*San Diego State (1 S)

*Arizona State (1 S [ret], 1 J)

U. Mass., Amherst (2 S, 2 R)
Harvard (1 S p-t)

Mississippi State (2 S)

U. Oregon (1 S)

U. California, Davis (1 R)

U. Maine (2 J)
Montana St. (1 S)

Oregon State (1 S p-t)

lowa State (1 J)

City Col. N.Y. (1 J+ 1 J ED)
Texas Tech (1 S p-t, 1J)

U. Central Florida (1 J)

U. Pittsburgh (1 S p-t, 1 R)
Western Michigan (1 J)
Worcester Poly. Inst. (1 J)

S = senior (tenured) fac.; J = junior fac.; p-t = part-time; R = research fac. (non-tenure track)
ret = retired or retirement imminent; ED = collaborating faculty in College of Education
*more than one Ph.D. awarded within last 10 years




Goals of Physics Education Research
(PER)

In order to improve effectiveness and
efficiency of physics instruction:

 Measure and assess learning of physics

* Develop improved instructional methods and
materials

 Critically assess and refine instructional
Innovations



Process of Physics Education
Research

 |nvestigate students’ learning difficulties

* Develop (and assess) curricular materials
that address learning difficulties

* Implement (and assess) new instructional
methods that make use of improved curricula



ISU PERG Major Projects

 Basic Research
— students’ reasoning in thermodynamics

— role of diverse representational modes in learning
 student understanding of vectors

e Curriculum Development

— Interactive lecture
« (Workbook for Introductory Physics)

— curricular materials for thermodynamics

 Instructional Methods

— methods for large-enrollment classes:
* “Fully Interactive Lecture”



ISU PERG Major Projects

 Basic Research
— students’ reasoning in thermodynamics

e Curriculum Development

— curricular materials for thermodynamics



Research Basis for Curriculum Development
(NSF-funded thermodynamics project with T. Greenbowe)
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20 NSF Award Abstract - #9981140

Development of Active-Learning Curricular Materials in Thermodynamics

NSF Org DUE
Latest Amendment Date June 13, 2000
Award Number 9981140
Award Instrument Standard Grant

Program Manager Duncan E. McBride
DUE DIVISION OF UNDERGRADUATE EDUCATION

EHR DIRECT FOR EDUCATION AND HUMAN RESOURCES
Start Date May 1, 2000
Expires April 30, 2003 (Estimated )
Expected Total Amount $149479 (Estimated)

Investigator David E. Meltzer dem@iastate.edu (Principal Investigator current)
Thomas J. Greenbowe (Co-Principal Investigator current)

Sponsor lowa State University
2207 Pearson Hall, Room 15
Ames, [A 500112207 515/294-5225

NSF Program 7427 CCLI-EDUCATIONAL MATERIALS DEV
Field Application 0000099 Other Applications NEC
Program Reference Code 74279178, SMET.
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CENTER FOR TEACHING EXCELLENCE

PPrere T oo

[SU CTE: 1999-2000 Miller Fellows

Fellows: David Meltzer, Thomas Greenbowe

Proposal Title: "Development of Active Learning Curricular Materials in
Thermodynamics for Physics and Chemistry”

Description: This is a project to create new curricular materials for the
study of thermodynamics, which would have a direct impact
on instruction both in the Department of Physics and
Astronomy, and the Department of Chemistry. We will
utilize educational resources that are uniquely available at
lowa State University. combining the capabilities of the
Education Research Groups in both Physics and Chemistry.
By targeting the subject of thermodynamics - a field that lies
precisely on the borderling between Physics and Chemistry -
we will be able to bring to bear the extensive experience of
both our groups. We will create new instructional materials
of immediate use in Physics courses and in Chemistry
courses. These materials center on "active-learning”
worksheets, consisting of carefully structured and sequenced
sels of questions and exercises. They are designed to elicit
common conceptual difficulties, and then to guide students to
confront and resolve these difficulties.

Signaturesﬁ Cnmmentsﬁ Thumhnails% Bookmarks
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Research Basis for Curriculum Development
(NSF-funded thermodynamics project with T. Greenbowe)

* |nvestigation of second-semester calculus-

based physics COUrse. (Physics 222: mostly engineering
students)

» Written diagnostic questions administered last
week of class in 1999, 2000, and 2001.

» Detailed interviews carried out post-instruction
with 32 volunteers during 2002.



Primary Findings

Even after instruction, many students (40-80%):

* believe that heat and/or work are state
functions independent of process

* believe that net work done and net heat
absorbed by a system undergoing a cyclic
process must be zero

« are unable to apply the First Law of
Thermodynamics in problem solving
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Student reasoning

regarding work, heat,

and the first law of

thermodynamics in an introductory physics course
David E. Meltzer, Department of Physics & Astronomy, lowa State University, Ames, 1A 50011

I'here has been relatively little research
on student learning of thermodvnamics in
physics courses at the university level. A
recent study by Loverude ef al.' has made it
evident that students at the introductory
level (and beyond) face many significant
difficulties  in learning  fundamental
thermodynamic concepts such as the first
law of thermodynamics.

| have been engaged in an ongoing
project with 1. J. Greenbowe to investigate
student learning of thermodvnamics in both

R . 2 .
physics and chemistry courses.” As part ol

that investigation. a short diagnostic quiz
has been administered over the past two
vears in the calculus-based introductory
phvsics course at lowa State University
(15U}, This quiz focuses on heat. work, and
the first law of thermodynamics.

At ISU, thermodynamics is studied at the
end of the second semester of the two-
semester  sequence  in calculus-based
introductory general physics. This course 1s
taught in a traditional manner. with large
lecture classes (up to 250 students). weekly
recitation sections (about 25 students). and
weekly labs taught by graduate students.

1 h i 1 i 1

4 4] 10f4

]

H

o = = 4

8.5x11in

Abstract: Written quiz responses of 653 students in three separate courses ave analvzed in detail.

The 1999 and 2000 classes were taught
bv the same instructor. using a different
textbook in each course. The 2001 course
was taught by a different instructor, using
the same text that was emploved in the 1999
course.  Both  instructors  are  ven
experienced and have taught mtroductory
physics at ISU for many years.

The quiz was administered in two
different ways: in 1999 and 2001, it was
given as a practice quiz in the final recitation
session (last week of class). In almost all
cases it was ungraded: one instructor used it
as a graded quiz. In 2000 the quiz was
administered as an ungraded practice quiz in
the very last lecture class of the vear.

This p-1" diagram represents a svslem
consisting ol a fixed amount ol ideal gas
that undergoes two different processes in
going from state A 1o state B

Process #1 State B

Pressure

’
R .,xProuess #2

State A
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Gordon Research Conference on Physics Research and Education
June 11-15, 2000
at Plymouth State College

Jan Tobochnik, Kalamazoo College and Harvey Gould, Clark University, co-chairs
Beth Ann Thacker, Texas Tech University, vice-chair

This series of conferences will focus on how research in physics and research in physics
education can be used to improve the teaching of physics, primarily at the undergraduate level.
The first conference will emphasize the teaching of thermal and statistical physics. Special
attention will be given to areas of current research and technological interest which can be
included in such courses, physics and chemistry educational research on conceptual
understanding of thermal physics and probability, and innovative curricular materials and
approaches. The goal is to bring together workers who are active in research in thermal and
statistical physics, researchers in the new field of physics education, and people who teach
courses in statistical and thermal physics.
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Events

Sunday, May 11

<« Physics

Student Learning in Thermodynamics: Exploring the
Chemistry/Physics Connection.

Who: Prof. David Meltzer - (Iowa State University)
Where: Smith Lab, Room 1094

When: Monday, February 26, 2001 at 10:30
Type: Physics Education Seminar

Description: Students are exposed to thermodynamics concepts at multiple
points during their academic career, often including both chemistry and
physics courses in high school and college. At lowa State University the
education research groups in both the Physics and the Chemistry
departments have begun a joint investigation of the dynamics of student
learning of thermodynamics. We are exploring student learning difficulties
with various thermodynamic concepts, as well as possible interactions
between the chemistry and physics curricula and their impact on students’
conceptual understanding. I will present some of our preliminary results and
discuss the directions in which our investigation is proceeding.
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New Approaches to Meteorology Education Course for University Faculty

The confluence of a national call for improving undergraduate education (e.g., Scrutiny of
Undergraduate Geoscience Education, Shaping the Future, and Geoscience Education: A Recommended
Strategy), the rapid development of technology, and the emergence of new models of how students learn
have created a climate for a reassessment of how the foundation courses in undergraduate meteorology
programs are taught. Most of the required meteorology courses are now characterized by a lecture
format which many educators have argued focuses on memorization of factual information that

e rynbe g I.I‘Wu" (]|‘1'|‘1r\ﬂl11|‘l11' r'\rL'Ill\u"l'rir‘i"l‘I 11nr].~|'ulnnr“nn-u -1nr] il1|"1‘l I{nl’\\l-'lu"(]ﬂu" Thu" ﬂ'r\"ll Fr'\l' I.I"\IIL Ml ] B s iL'

[At the University Corporation for Atmospheric Research]

The New Approaches to Meteorology Education course for University Faculty will use thermodynamics
as the topic for hands-on learning for faculty seeking to improve the learning environments for students.
Topics to be addressed will include: how students learn, demonstrating learning, establishing course
goals and choosing instructional media. During this course, faculty will be exposed to tools such as
streaming media, portfolio assessment, and course managers. They will also be introduced to resources
from the meteorology community such as the COMET multimedia data base, interactive java activities
and MetApps. The faculty will use contemporary pedagogies to create group projects that will be pilot
versions of innovative approaches to helping students understand principles of atmospheric
thermodynamics.

Signatures% Cnmmentsﬁ’ Thumbnailsﬁ Bookmarks

Upon completion of the course, participants will be encouraged to engage in a follow-up project to
continue to develop instructional materials for their own courses.

Course organizers are Dr. Doug Yarger, Emeritus Professor, [owa State University, Dr. Greg Byrd and
Dr. Joe Lamos, COMET Education and Training. The course program committee also includes
representatives of the UCAR community.
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Some Strategies for Instruction

* Try to build on students’ understanding of
state-function concept.

— most do understand this within context of energy

* Focus on meaning of heat as transfer of
energy, not quantity of energy residing in a
system.

« Develop concept of work as energy transfer
mechanism.



Thermodynamics Worksheet

For an ideal gas, the internal energy U is directly proportional to the temperature 7. (This is
because the internal energy is just the total kinetic energy of all of the gas molecules, and the
temperature is defined to be equal to the average molecular kinetic energy.) For a monatomic ideal

gas, the relationship is given by U = %nRT , Where n is the number of moles of gas, and R is the

universal gas constant.

1.

Find a relationship between the internal energy of » moles of ideal gas, and pressure and
volume of the gas. Does the relationship change when the number of moles is varied?

Suppose that m moles of an ideal gas are contained inside a cylinder with a movable piston (so
the volume can vary). At some initial time, the gas is in state 4 as shown on the PV-diagram
in Figure 1. A thermodynamic process is carried out and the gas eventually ends up in State B.
Is the internal energy of the gas in State B greater than, less than, or equal to its internal
energy in State A? (That is, how does Uy compare to U,?) Explain.

P

® State B
— State A

0
\'

If a system starts with an initial internal energy of Ui and ends up with Uy, some time
later, we symbolize the change in the system’s internal energy by AU and define it as follows:
AU = l]ﬁnal_ l]initial-
a. For the process described in #2 (where the system goes from State 4 to State B), is
AU for the gas system greater than zero, equal to zero, or less than zero?

b. During this process, was there any energy transfer between the gas system and its
surrounding environment? Explain.



10.

11.

12.

Thermodynamics Worksheet

P A+ 4 +3

* Process #1 *
ii if
Process #2
et

Rank the temperature of the gas at the six points i, 4, B, C, D, and f. (Remember this is an ideal gas.)

Consider all sub-processes represented by straight-line segments. For each one, state whether the
work is positive, negative, or zero. In the second column, rank all six processes according to their
AU. (Pay attention to the sign of AU.) If two segments have the same AU, give them the same rank.
In the last column, state whether heat is added fo the gas, taken away from the gas, or is zero (i.e., no
heat transfer). Hint: First determine U for each point using the result of #1 on page 1.

Process | Is W+,—,0r 0?7 | rank according to AU | heat added 7o, taken away, or zero?
i—>A
A—>B
B—>f
i—»C
C—->D
D—-f

Consider only the sub-processes that have W = 0. Of these, which has the greatest absolute value of
heat transfer Q? Which has the smallest absolute value of Q?

Rank the six segments in the table above according to the absolute value of their W. Hint: For
processes at constant pressure, W = P AV.

Using your answers to #8 and #10, explain whether W is greater than, less than, or equal to W,.
[Refer to definitions, page 3.] Is there also a way to answer this question using an “area” argument?

Is O, greater than, less than, or equal to Q,? Explain. Hint. Compare the magnitude of AU; and
AU, and make use of the answer to #6.



Classroom Testing

* Use worksheets in randomly chosen
recitation sections (assisted by PERG
graduate students).

 Compare exam performance of students in
experimental sections to those in control
sections.

« Modify worksheets based on input from
recitation instructors and PERG graduate
students.



Related Work on Calorimetry

* Probe understanding of students in physics

courses
— N.-L. Nguyen and Warren Christensen

 Investigate students’ understanding of

chemical calorimetry

— with T. J. Greenbowe, ISU Chemistry Dep’t., and post-doc
Irene Grimberg

— paper in press at International Journal of Science Education

« Develop and test worksheets for both physics
and chemistry



Calorimetry Worksheet

l. Suppose we have two samples. 4 and 5. of different materials. placed in a partitioned insulated container which
neither absorbs energy nor allows it to pass in or out. Sample .1 has the same mass as sample 5. Energy but no material
can pass through the conducting partition. (Assume specific heat is independent of temperature.) The specifie heat of
material 4 is twice that of material B.

Complete the bar charts below for temperature and energy transter. [f any quantity is zero. label that quantity as zero
on the bar chart. Explain vour reasoning below.

Energy Transfer to Sample: Absolute Temperature

A B A B

Time Zero Long After



[Poster at Physics Education Research

onference]

Projec! smdem (N*B ) from a calculus-based physics course
heir concepts in audio-taped
sessions lasting P 60 minutes. Based on me\r responses, a series of worksheet
questions were developed. During the next offering of the same course (Summer 2002),
a pretest on calorimetry concepts was administered to the entire class. The worksheets
were then used in one of the recitation sections of the class, and later a related exam
question was administered to the entire class.

Summary of Interview Questions:

« A piece of hot metal is placed in colder water (mass of metal = mass of water) and left
in thermal isolation. Describe the transfer of energy between the metal and the water,
and their relative amounts of temperature change

+ Draw a graph of temperature vs. time for the metal and water when the mass of the
metal is (1) the same as the water, and (2) twice that of the water.

+ Draw a temperature vs time graph for two different liquids heated at the same rate,

from the lews: The for the students to draw and justify
temperature-time graphs was very helpful in getting them to thoroughly explain their

Major findings from interviews:
+ Students were able to use the concept of thermal equilibrium in their explanations.
+ Students were often unable to distinguish among heat, internal energy, and work.

+ In the case of copper and water of equal mass, some students (3 out of 8) incorrectly
stated that the copper would have the smaller temperature change. Their reasons were
(1) higher thermal conductivity of the copper; (2) higher melting point of the copper, and
(3) the idea that water could change temperature “more easily” than the copper.

+ Aimost all students (7 out of 8) were able to state correctly that doubling the mass of
the copper would lead to a smaller net temperature change for the copper.

Pretest: Items similar to the interview questions were administered as in-class quizzes

Ideas for curriculum development:

« Increased precision: Many times student explanations were vague or imprecise. We
developed questions that required more exact understanding or manipulation of specific
quantities.

« Proportional reasoning: By using ratios or other tasks that required students to
compare specific numbers, they would be led to develop more precise judgments and
descriptions.

+ Guided development: The poor explanations given by many students suggested that
it would be helpful to gulde them through the concepts in a step-by-step manner.
“Targeti The were
des\gned BT tmnklng on the among basic t

Sample pretest item:

2. Suppose we have tw separate containers: One container holds Liquid A, and another contains Liquid B. The mass and initial
temperature of the two liquids are the same, but the specific heat of Liquid A is greater than Liquid B. Each container i placed
ona heating plate that delivers the same rate of heating in joules per second to cach liquid beginning at intial time t,

id below, graph the temperature as a function of time for each liquid, A and B, Use a separate ine for each liquid,
evenif they overlap. Make sure to clearly label your lines, and use proper graphing techniques.

Temperature

Liquid A Liquid B

Example interview item A

3. A calorimeter is made of very good insulating material and it has a lid. We can assume that no energy transfer occurs between
the walls of the calorimeter and any maerial contained within i, and also that there i no energy transfer between the calorimeter

and the room where it i located.

A picce of copper metal s put into a calorimeter which is partly filled with water, The mass of the copper s the same as the mass
of the water, but the temperature of the copper is higher than the temperature of the water. The calorimeter i left alone for

several hous.

a) Does enere
where they a

nsfer oceur? Ifyes, please explain and compare the guaniities or amounts of energy that e transferred and
e transferred to,

5551 | s

I Heating Piate ]

& R

eific heatof B

) Please explain the reasoning that you used in dra

ing your graph, (Please continue on the back of the page.)

b)  Is there a temperature change in either the copper or the water? I so compare the amount of lack of
such in the copper and water. If one ch ?

cmperature more, then which one changes temperature more and why?

Pretest Results: For the most part, students were able to correctly draw two lines with

the line representing liquid B having the greater slope. However, a significant minority

(22%) drew the liquid-A line as having the greater slope, and many were unable to give
o

Sample worksheet page A
The

rmal energy [symbol: U] of an

is cqual 1o the total kinetic crergy of all ofthe molecules i the
n ideal e

Kiactic theoy of gascs, e aveons fempe roportinl 1o the average kinei of the
within the
1 sz we mples, A and  continer of nelighie hest capaciy. Sample A bas the sa

ach sid o the e e e

O the bar chatonthe next e ntrnal cnergy e shown st some il i (“Tine Zer);"Long ARR” refers 08
ime lon R LA et oo S b e b g
& Findihe absolut temperatue of sample A a e 2o (dhe naltime), and plt i o the chart. i I two cqual mascs of i
ey, wil thei or diffrent? 1 the ratio ' i 24wt can you say
b At th sl e, would you expec o sse any descibeth changes (i incrssses

inthe tempeaturs of smples A and B? I
B

ordeceass). L yo o't expat 1 obscrve any hanget,eplain why

e time e i 2o, what atiodo you expect fo the temperturs of the o sampes

e the bar charts by finis
o samples (This i th ne
2ero. Explainsour

heLo

urc and nernal cnrgy, and

Afe” alues fo empe the amourts of e
urs between 71 any guantity s 255, el

Example worksheet page C

5. Suppose we have two samples, A and B, of different materials, placed in a partitioned insulated container of
e e pass through the conducting partition. The
atmosphere in the cont egligible heat c: Assume specific heat is independent of
{emperature. The speeific heat of material A s twice that of material B.

capacity

transfer energy but

a. Ifthe temperature of sample A changes by AT,, what would be the corresponding change in the temperature of sample B? AT,

b. Complete th

e bar charts below for temperature and cnergy transfer. I any quantity is zero, label that quantiy as zero. Explain
below.

Absolute Tem

Transfer to Sample:

Example interview item B

Suppose we have liquids with diffe ic heats but with the same
ey e e e e e o
second 1o cach liquid

i) Below please graph the temperature of each liquid as a function of time.

I Post-test: A post-test question was given to the class as part of their next exam, after I

Exam Question

2. Suppose that a mass of aluminum (AI) s heated to a high initial temperature, A time t, it i placed in an insulated container
of water that s at  lower initial temperature. The mass of the aluminum s the same as the mass of the waer. (Note: The specific
heat of water is higher than that of aluminum.)

arately. (Don't worry about
e: t represents a time shortly after

ph the temperatu
curacy.) Make sure to clearly label yous
before equilibriu s reached.)

a function of time of the aluminum and w;
i

Tomperature

nsultion
Water
i) Please explain the reasoning that you used to determine how you chose to draw the graph as you did. Al
" & Tihe
) Pleasc xplainthe ressoning tht you used in dravwing your graph.
Example interview item C
6. Suppose that a mass of opper i hated o high nitial temperature. Suppose then that i placed ina nsulated contaner of
et o Exam Question Answer
%) Graph the temperature of the copper and water ifthey both have the same mass
e Insulation
e
Water
Wa R R
. o Tihe

b) Graph the temperature of the copper and wa

ter ifthe mass of the copper s double that of the war.

desreen

Common errors in exam responses:
- Slope of water line having greater absolute value than that of the aluminum line.

« Indicating that the net temperature change of the aluminum was less than that of the
water, or that water’s temperature change would be “faster.”

- Stating that the time until equilibrium was reached for one material or the other would
be “longer,” or would require “more time” or ‘less time.”

+ Saying that temperature changes ocour “more easily” or “less easily” for one of the
materials,

« Stating that for aluminum, *heat” absorption/change/increase is faster

- xs\a\mr\i that the faster 1emgeramre chanﬂe of aluminum was due to its hlﬁher initial

Example worksheet page B

Internal Energy Absolute Temperature

Energy Transfer to Sample

Example worksheet page D

e A ad
capacity. Sample A has LS times the nple

atmosphere in the
temperature. The spe

aritioned insulated container of negligible heat
pass through the conducting parttion. The
acity. Assume specific heat i independent of

niainer can transf

heat of materia

s by AT, what would be the corresponding change in sample B?

a.Ifthe temperature of sample A chan
a, ?

b. Complete the bar charts belorw for temperature and energy transfer. If any quantity is zero, label that quantity as zero. Explain

Absolute Temperature Energy Transfer to Sample:

A B A B
TimeZero  Long After

Student Response to Worksheets:
-Appropriate Difficulty Level: Students took the entire time given to them (forty
minutes) to work on the sheets. No students finished the entire 8-page worksheet
+Accessibility: Most students were able to go through the worksheets based on

discussions amon but instructor i was required for some
students on several questions.

*Supplements standard instruction: By the time the students had been given the
worksheets they had already had a traditional lecture and completed a homework
assignment on calorimetry. However, this did not seem to make the worksheets
redundant. Even the more advanced students needed to pause, think, and reason out




Thermochemistry Tutorial

['he textbook (p. 161) describes an experiment in which Silver Nitrate (AgNO;) solution is mixed
with hvdrochloric acid (HCI) solution in a constant-pressure calorimeter. ( We assume that the
calorimeter loses only a negligible quantity of heat.) The temperature of the resulting solution is
observed to increase. due to the following reaction:

AgNOs(ag) + HCllag) — AgClis) + HNOj{ag)
2. Three students are discussing this experiment. Here is part of their discussion:

Mary: The silver nitrate was originally a solid. When it’s put into solution along
with the HCL I think that heat flows out from the AgNO; and into the HCI solution. and
that’s why the temperature increases.

Bob: Well. the hydrochloric acid is the more powerful reactant: it’s a strong acid. so
it must be the one that reacts most strongly. I think that the heat must come out of the HCIL

Lisa: | don’t really think that the heat flows into either of those two. | think heat
flows out of both the silver nitrate and the hydrochloric acid solution, and that’s why the
temperature rises.

Mary: But how could heat flow out of bot/r of the reactants? Where is it coming
from then? Doesn’t that violate conservation of energy”

Comment on the students” statements. Do vou agree with one of them more than the
others? I so. explain why. I vou don’t think that any of them are completely correct. give
VOur own opinion.



e Taylor & Francis
INT. J. SCI. EDUC., 2003, voL. 25, No. 1, 1-22 Taylor & Francis Group

Student learning of thermochemical concepts in the
context of solution calorimetry ’

Thomas . Greenbowe, Department of Chemistry, Iowa State University of
Science and Technology, Ames, 1A 50011, USA; e-mail: tgreenbo@iastate. edu;
and Dawd E. Meltzer, Department of Physics and Astronomy, Iowa State
University of Science and Technology, Ames, IA 50011, USA; e-mail:
dem@iastate.edu

Student understanding of heat and thermal phenomena has been the subject of considerable investigation in the
science education literature. Published studies have reported student conceptions on a variety of advanced
topics, but calorimetry — one of the more elementary applications of thermochemical concepts — has apparently
received little attention from science education researchers. Here we report a detailed analysis of student
performance on solution calorimetry problems in an introductory university chemistry class. We include data
both from written classroom exams for 207 students, and from an extensive longitudinal interview series with
a single subject who was herself part of that larger class. Our findings reveal a number of learning difficulties,
most of which appear to originate from failure to understand that net increases and decreases in bond energies
during aqueous chemical reactions result in energy transfers out of and into, respectively, the total mass of the
resultant solution.
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Investigation of Diverse Representational Modes
in the Learning of Physics and Chemistry

* Probe students’ reasoning with widely used
representations
— e.g., free-body diagrams

« Compare student reasoning with different forms of
representation of same concept
— e.g., verbal, diagrammatic, mathematical/symbolic, graphical

» Preliminary work: student understanding of vector
concepts

— central to instruction in general physics curriculum



Physics Students’ Understanding of

Vector Concepts
N. Nguyen and DEM, Am. J. Phys. (June 2003)

« Seven-item quiz administered in all ISU general
physics courses during 2000-2001

* Quiz items focus on basic vector concepts
posed in graphical form

« Given during first week of class; 2031 responses
received



Two Key ltems

* Question #2: Choose vector with same
direction as given vector

 Question #5: Two-dimensional vector
addition



Two Key ltems

 Question #5: Two-dimensional vector
addition



5. In the figure below there are two vectors A and B. Draw a
vector R that 1s the sum of the two, (1.e. R = A+B ). Clearly
label the resultant vector as R.




5. In the figure below there are two vectors A and B. Draw a
vector R that 1s the sum of the two, (1.e. R = A+B ). Clearly
label the resultant vector as R.

2/




5. In the figure below there are two vectors A and B. Draw a
vector R that 1s the sum of the two, (1.e. R = A+B ). Clearly
label the resultant vector as R.

Error Rates:
Calculus-based course: 27% - 42%

Algebra-based course: 56% -78%




5. In the figure below there are two vectors A and B. Draw a
vector R that 1s the sum of the two, (1.e. R = A+B ). Clearly
label the resultant vector as R.

Common Error




5. In the figure below there are two vectors A and B. Draw a
vector R that 1s the sum of the two, (1.e. R = A+B ). Clearly
label the resultant vector as R.




5. In the figure below there are two vectors A and B. Draw a
vector R that 1s the sum of the two, (1.e. R = A+B ). Clearly
label the resultant vector as R.




5. In the figure below there are two vectors A and B. Draw a
vector R that 1s the sum of the two, (1.e. R = A+B ). Clearly
label the resultant vector as R.

Common Incorrect Method




Difficulties with Vector Concepts

* Imprecise understanding of vector
direction

* VVague notion of vector addition

“R should be a combination of A and B so | tried
to put it between A and B’

» Confusion regarding parallel transport
(must maintain magnitude and direction as vector

“slides”)
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Initial understanding of vector concepts among students in introductory
physics courses

Mgoc-Loan I\lgmyenaJ and David E. Meltzer”

Department of Physics and Astronomy, Towa State University, Ames, Towa 50011

iRecerved & February 2002; accepted 12 March 2003

We report the results of an investigation into physics students” understanding of vector addition,
magnitude, and direction for problems presented in graphical form. A seven-item quiz. including
[ree-response problems, was administered in all introductory general physics courses during the
200002001 academic yvear at lowa State. Responses were obtained from 2031 students during the
first week of class. We found that more than one quarter of students beginning their second semester
of study in the calculus-hased physics course, and more than half of those beginning the second
semester of the algebra-hased sequence, were unable to carry out two-dimensional vector addition.
Although the total scores on the seven-item quiz were somewhat better for students in their second
semester of physics in comparison to students in their first semester, many students retained
significant conceptual difficulties regarding vector methods that are heavily employed throughout
the physics curriculum. £ 2003 American Association of Physics Teachers.

[DOL: 1019/ 11571831

I. INTRODUCTION veyed students in both the first- and second-semester courses
of the two-semester general phvsics sequence. both in
Vector concepts and caleulation methods lie at the heart of ~ algebra-based and calculus-based courses.

the physics curriculum, underlyving most topics covered in
introductory courses at the university level. As Knight' has II. METHODS
emphasized, the vector nature of forces, fields. and kinemati-

cal quantities requires that students have a good grasp of We constructed a quiz containing seven vector problems
basic vector concepts if they are to be successful in master-  posed in graphical form (see the -"W-‘Pk‘.'““i_]-"]"“‘ problems
ing even introductory-level physics. Knight has alluded o assess whether students can correctly identify vectors with
the surprising lack of published research regarding student identical magnitudes and directions. and whether they can
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Investigation of Physics and Chemistry

Learning with Diverse Representations
(with T. Greenbowe and L. Allen)

* Probe student understanding of standard
physics and chemistry representations

« Compare student reasoning with different
forms of representation



“Multiple-Representation” Quiz

e Same or similar question asked in more than
one form of representation

— e.g., verbal [words only], diagrammatic, mathematical, etc.

« Comparison of responses yields information on
students’ reasoning patterns with diverse
representations



Coulomb’s Law Quiz in Multiple Representations

TF YOU WANT A QUESTION GRADED OUT OF THREE POINTS (-1 [MINUS ONE] FOR WRONG

A, one-hall of a newton

. two newtons Ve rbal

- eight newtons

ANSWER!!) WRITE “3" IN SPACE PROVIDED ON EACH QUESTHON.,

When two identical, 1solated charges are separated by two centimeters, the magnitude of the force
exerted by each charge on the other 1z erght newtons, It the charges are moved to a separation of eight
centimeters, what wall be the magmitude of that force now?”

[]‘Jlt'[_‘. -TwWo newions

one hundred twenty-ci1ght newtons Grade out of three? Write “3” here:

Figure #1 shows two identical, 1solated charges separated by a certain distance. The arrows indicate the

torces exerted by each charge on the other. The same charges are shown in Figure #2. Which diagram
n Figure #2 would be correct? 5
[A
= [B]
[C1 |, .
A 0] N .
O i e e -

Cirade out of three? Write “37 here: d i ag ra m m ati c




freittaal

[solated charges ¢ and g2 are separated by distance r, and each exerts force [ on the other. g
-f_h"ll_mml and .:'_”m””ﬂ. I.|II:)._I'.iIJrr.": |l.|.'r1.'r.:i|' 10 .I..-r':““'l T | Aeitial 25N | - final 7

I N

SN mathematical/symbolic

25N

Lh

a1

125 N Crrade out of three? Write “3" here:
b l

Iwd 1o

&

Graph #1 refers to the mitial and final separation between two dentical. 1solated charges. Graph #2
efers to the iminal and final forces exerted by each charge on the other. Which bar 1s correct?

Crade oul of three? Write "3 here:

"]

Final

[nitial

Saparation jm]

Force on each change (M)
-

Initizl

Final Fimal

(A0 () iy {1 (Ey

graphical




1. Hydrogen chloride gas 1s bubbled into water, resulting in a one-tenth molar hvdrochloric acid solution,
In that solution, atter dissociation, all of the chlorine atoms become chloride 10ns, and all of the hydrogen
atoms become hyvdronium tons. In a separate container, HA acid 1s added to water creating an initial
concentration of one-tenth molar HA-acid solution. In that solution (at equilibrium), twenty percent of the
H atoms becomes hydronium ions, and twenty percent of the A atoms become A™ 1ons.

(a) Find the pH of the hydrochloric acid solution and explain vour reasoning,

(b} Find the pH of the HA-acid solution and explain yvour reasoning

[Chemistry Multi-representation Quiz]

2. (a) Given these two samples below, Tind the pH of each solution

00

{b) Explain the reasoning vou used to come to this conclusion.



3. (a) Given these two solutions below. tind the pH of each solution.

HA(s) + HyO(1) < HsO%(aq) + A(aq)

wnization = 20%
mitial concentration = 0.1 M

pH =7

HCl(aq) + H,O(1) —» H:O"(aq) + Cl(aq)

ionization = 100%
initial concentration = 0.1 M

pH =7

(b) Explain vour reasoning.

4. (a) Given the solutions below, find the pH of each solution.

Before dissociation

[TITTRNTEITIT
1T— HCl{ag)

Concentration (M) VR |

Before dissociation

| T
T— HAjaq)

Concentration (M) 04

Concentration (M)

Concentration (M)

0.1

After dissociation

T I
+— H,0 Cl
0.1
pH="
o
At equilibrium
T
pH =7
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Issues Related to Data Analysis and Quantitative Methods in PER

David E. Meltzer
Department of Physics & Astronomy, lowa State University, Ames, 14 50011

A variety of issues are always relevant (either explicitly or implicitly) in analysis of
guantitative data in Physics Education Research. Some specific examples are discussed.

There are a number of issues that alwavs arise.
implicitly  or  explicitly.  when  conducting
quantitative research and carrving out data analysis
in Physies Education Research. (Most are relevant
for qualitative research as well)

L. Validity. Broadly speaking. validity refers to
the degree to which the conclusions of an
investigation truthfully and accurately respond to
some  specific research questions. Among the
particular issues that may arise is: Does vour
instrument provide data that could actually answer
vour research question? A common flaw is that the
mmstrument  {or test item) 1s not sufhiciently
focused, in this sense: To try to answer the
question, ~Do students understand concept A7 the
test item (or test instrument) requires knowledge
of concepts A, B and . Here. / and/or ¢ might

correspond  to specific mathematical tools or

formal representations. A related question that
might arise is: s vour interpretation of the data an
accurate representation of students” knowledge?
For example. consider how one might assess
students” knowledge of Newton's third law in the
context of gravitational forces. At lowa State |

4 4] 10f4

]
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On the very same quiz. Question #8 asks the
students to choose a vector diagram that most
closely represents the gravitational forces that the
carth and moon exert on each other. The three
most popular choices are shown in the figure
below.

The correct answer
“hT was given by 6-

(a) @.’ 4_@

2% of students. In
each of the five | (b) ©—>4—@

independent adminis-
trations of the quiz. | (¢) ®_p -+
the proportion of cor-

rect responses on Question #8 was about half that
on Question #1 (0,43, 0.60, 0.59. 0.50. and 0.50).
The implication seems to be that Question #8 was

measuring not only  students”  knowledge of
Newton's third law of motion and law of
gravitation,  but also  (in  part) students’

understanding of vector diagrams. This conclusion
is considerably strengthened by the fact that 34-
47% of students gave answer "¢ on Question #8
[answer @™ 43-35%]. The “¢” response cor-
responds to the force exerted by the more massive

' IR} ] .
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TOPICAL STRANDS AND ABSTRACTS:
PAPERS AND POSTERS

FOUNDATIONS FOR LANGUAGE AND SCIENCE LITERACY
RESEARCH: PHILOSOPHICAL, PSYCHOLOGICAL, LINGUISTIC,
AND CULTURAL

This conference theme focuses on the nature and purpose of science discourse, cognitive and
metacognitive processes involved in the derived and fundamental senses of science literacy. and
the theoretical models of cognition, reading. writing, and argumentation. the socio-cultural
dimensions of science instruction, and gender perspectives of language and science literacy.

I1-K

Meltzer, David E.. Assistant Professor, lowa State University. USA

Student Learning of Physics Concepis Employing Verbal and Written Forms of Expression in
Comparison to Other Representational Modes

Physics instruction includes a variety of representational modes including diagrammatic.,
mathematical/symbolic, and "verbal” (written passages employing ordinary language ). Instructors
attempt to assess students’ understanding by observing their problem-solving performance
employing this same variety of representational modes. An important 1ssue investigated 1s
possible discrepancies in student learning abilities when using verbal and written forms of
expression in comparison to diagrammatic and mathematical forms. Another issue being explored
is the accuracy of assessment of student learning via students' written descriptions of their
reasoning, in comparison to their mathematical/ symbolic problem-solving performance.
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 Basic Research
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— role of diverse representational modes in learning
 student understanding of vectors

e Curriculum Development

— Interactive lecture
« (Workbook for Introductory Physics)

— curricular materials for thermodynamics

 Instructional Methods

— methods for large-enrollment classes:
* “Fully Interactive Lecture”



ISU PERG Major Projects

e Curriculum Development

— Interactive lecture
» (Workbook for Introductory Physics)

 Instructional Methods

— methods for large-enroliment classes:
* “Fully Interactive Lecture”



Keystones of Research-Based Pedagogy

* problem-solving activities during class time

 deliberately elicit and address common learning
difficulties

e guide students to “figure things out for themselves”
as much as possible



“Fully Interactive” Physics Lecture

DEM and K. Manivannan, Am. J. Phys. 70, 639 (June 2002)



[& -+ - QR A Q@B DB
AS @[5 -é#&B0B[E]| 4> »H
[ & T-& B -7 L -0 &|| 6@ E D

[« s|alas -@ OO DM

[

Transforming the lecture-hall environment: The fully interactive
physics lecture
David E. Meltzer®

Department of Physics and Astronomy, Towa State University, Ames, Towa 50011

Kandiah Manivannan
Department of Physics, Astronomy, and Materials Science, Southwest Missouri State University,
901 South National Avenue, Springfield, Missowri 65804

(Received 19 September 2001; accepted 29 January 2002)

Numerous reports suggest that learning gains in introductory university physics courses may be
mcreased by “active-learning™ instructional methods. These methods engender greater mental
engagement and more extensive student—student and student—instructor interaction than does a
typical lecture class. It is particularly  challenging to wansfer these methodologies 1o the
large-enrollment lecture hall. We report on seven years of development and testing of a variant of
Peer Instruction as pioneered by Mazur that aims at achieving virtually continuous instructor
student interaction through a “fully interactive™ physics lecture. This method is most clearly
distinguished by instructor—student dialogues that closely resemble one-on-one instruction. We
present and analyze a detailed example of such classroom dialogues. and describe the format,
procedures, and curricular materials required for creating the desired lecture-room environment. We
also discuss a variety of assessment data that indicate strong gains in student learning, consistent
with other researchers. We conclude that interactive-lecture methods in physics instruction are
practical. effective, and amenable to widespread implementation. © 2002 American Association of Physics
Teachers.

[DOT: 10 1119/1. 1463730
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I. INTRODUCTION

Mumerous investigations in recent vears have shown
active-learning methods 1o be effective in increasing student
learning of physics concepts. These methods aim at promot-
ing substantially greater engagement ol students during in-
class activities than occurs. for instance, in a traditional
physics lecture. A long-standing problem has been that of

4] 10f16
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The basic elements of an interactive lecture strategy have
heen deseribed by Mazur! In this paper we broaden and
extend that discussion, explaining in detail how the lecture
component in large-classroom instruction may be almost
eliminated. Depending on the preferences of the instructor
and the specific student population, this strategy may yield
worthwhile learning outcomes. To carry out the rapid back-
and-forth dialogue observed in one-on-one instruction in

I'1I'f'||'\l_|'|ll"ll'l1lll"l'||'|ll'lr |"|"'|L'\.'|'|i.' FECTITae o wrari ety I"\} sracirhe anstrne-




“Fully Interactive” Physics Lecture

DEM and K. Manivannan, Am. J. Phys. 70, 639 (June 2002)

Very high levels of student-student and student-
iInstructor interaction

Simulate one-on-one dialogue of instructor’s
office

Use numerous structured question sequences,
focused on specific concept: small conceptual
“step size”

Use student response system to obtain
Instantaneous responses from all students
simultaneously (e.qg., “flash cards™)






Curriculum Requirements for Fully
Interactive Lecture

« Many question sequences employing multiple
representations, covering full range of topics

* Free-response worksheets adaptable for use
In lecture hall

« Text reference (“Lecture Notes™) with strong
focus on conceptual and qualitative questions

mmmm)> |Vorkbook for Introductory Physics (DEM and K.
Manivannan, CD-ROM, 2002)

Supported by NSF under
“Assessment of Student Achievement” program
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Workbook for Introductory Physics: Electricity and Magnetism 1

Chapter 1 Electrical Forces

“Flash-Card” Questions

In-Class Questions

Prerequisite Concepis:
+ Positive and negative charges; Coulomb’s law: F = kq;q2/r?
*  Protons (+) and electrons (-)
* Superposition principle: Fpe=F1+Fz +. . . + Fy
«  Vector addition: Fpex=Fix + Fax +. . . Fux
*+ Newton's second law, a = F/m

Questions #1-2 refer to the figure below. Charge g is located at the origin, and charge
gz is located on the positive x axis, five meters from the origin. There are no other charges

anywhere nearby.

Y |

i a

1. 1If q, is positive and g, is negative, what is the direction of the electrical force on q;?

in the positive x direction

in the negative x direction

in the positive y direction

in the negative y direction

the force is not directed precisely along any of the coordinate axes, but at some angle
there is no force in this case

mmo oW

2. If g; is positive and g, is positive, what is the direction of the electrical force on q;?
A. in the positive x direction
in the negative x direction
in the positive y direction
in the negative y direction
the force is not directed precisely along any of the coordinate axes, but at some angle
there is no force in this case

mmunow



3,

Workbook for Introductory Physics: Electricity and Magnetism 2

In this figure, a proton is located at the origin, and an electron is located at the point (3m,
3m). What is the direction of the electrical force on the proton?

“Flash-Card” Questions

AN

SN

In this figure, a proton is located at the origin, and a proton is located at the point (3m, 3m).
The vector representing the electrical force on the proton af the origin makes what angle
with respect to the positive x axis?

4
-

45° i ' »

135°
225°
270° N A A

TEO 0w
2




Magnetic Induction Worksheet

. Indiagrams A, B, and C, three wentical bar magnets and three identical wire loops are shown,

All three loops remain fixed in the positions sioown,

=
S Worksheets (free-response)

N N N
g S ]
A B C

a) 1s there any magnetic lux m:
Loop AY
Loop BY?
Loop 7

b} Rank the magmtude of the magnetic flux in loops A, B, and C. 1f all three are zero, state that
explicitly. Explam your answer,

¢} Is there any current tlowing e
Loop A7
Loop BY
Loop 7

d) Rank the magmtude of the current lowing in loops A, B, and C. Ifall three currents are zero, state
that explicitly. Explain your answer.



Chapter 10 Notes: Magnetic Induction

How can a changing magnetic field cause an electric current to flow?

Eleven vyears after the connection between magnetism and electricity was first reported by Oersted, the
British scientist Michael Faraday made one of the most important discoveries in the history of physics. Oersted had
found that an electric current could influence the motion of a compass needle; this showed that an electric current
produced a magnetic field. Faraday found that, under certain specific circumstance, 2 magnet (such as a large
compass needle) could itself proghice an electric current (i.e., it could cause charges to begin to move). Although an
electric current abeays produces a magnetic fleld, Faraday found that a magnet could only produce an electric
current under one or more of three basic conditions: (1) the magnetic field varied in magnitude; (2) the magnetic
field varied in direction; (3) the conducting path (which would carry the current) varied in shape.

These simuations can be illustrated by three different experiments, all involving a magnetic field and a
closed loop of conducting material. We could connect a galvanometer (a current-detecting device) to the loop to
determine whether or not 2 current is flowing. We could use a permanent magnet to produce the magnetic field, or
instead use the uniform field inside a solenoid. In the diagram below, we have placed a conducting loop in a
uniform magnetic field (indicted by the arrows), the loop is connected to a galvanometer. The needle of the
galvanometer will deflect (move away from its initial position) if a current if produced in the loop. If the needle is
in its initial position {as shown here), there is pe current flowing in the loop.

’\\&éé@

In the imitial situation shown above, where neither the loop nor the magnetic field is changing in any way.
ner current is observed to flow in the loop. However, if we change the magnitnde of the magnetic field - either an
increase or a decrease — then a current does flow in the loop, as shown here:

However, if the magnetic field magnitude stops changing, the current will abruptly cease flowing and the
galvanometer needle will go back to its initial position (again indicating “zero current™):

ktttt

Lecture Notes




Local and National Impact

« Recognition and financial support from lowa
State Univ. “Center for Teaching Excellence”
— workshops for other faculty

* |nvitations to present work nationally

« Continued federal funding
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David E. Meltzer

David E. Meltzer, an assistant professor of physics, 15 the CTE Teaching Scholar for 2002-2003. David received lus PhD. from SUNY
i1 1985 His research specialty 15 physics education, and he has authored or co-authored several papers and journal articles on various

aspects of teaching physics. Much of the worle of David and his colleagues can be viewed at the Physics Education Research Group
Web site.
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CENTER FOR TEACHING EXCELLENCE

Workshops

Spring 2003

Learning Through Guided Inquiry

Wednesday, February 19, 3:00 - 4:30 p.m.

David E. Meltzer, Assistant Professor of Physics and CTE Teaching Scholar, 2002-03
Inquiry-based learning is an instructional method in which students are guided to synthesize
concepts by investigating and resolving a series ol carefully structured problems. Instructors
avoid offering answers before students have had a chance to work out solutions and
explanations for themselves. Instead, instructors provide guidance through a series of
leading questions, In this workshop participants will work in groups, using simple physics
laboratory equipment, and be guided to discover some important basic principles of
electricity and magnetism.

Signaturesﬁ Cnmmentsﬁ Thumhnails% Bookmarks

Last Updated: 31 Mar 2003 http://'www cte.iastate.edw'workshops/ Contact
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CENTER FOR TEACHING EXCELLENCE

Rezourzes | Fellswships Campus Prograrme

Workshops

Spring 2003

Large-Class Strategies

Thursday, April 17, 3-5 p.m.

CTE Scholar David Meltzer, assistant professor of physics, will present a "hands-on”
workshop in which participants will work together to devise effective techniques for
teaching in large classes. After a briel video and discussion, participants will work in small
aroups to apply the techniques presented to their own disciplines and classrooms.,

Signaturesﬁ Cnmmentsﬁ Thumhnails% Bookmarks

Last Updated: 31 Mar 2003 http://'www cte.iastate.edw'workshops/ Contact
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Creative teaching strategies counter
large classes

By Michaela Saunders
Draily Staff Writer
April 18, 2003

Large classes are nothing new to the campus environment, but previous and
future budget cuts could make the issue even more of a problem at lovwa State.

The prablem of overstuffed classrooms has been a major focus of the Center for
Teaching Excellence this vear, said Associate Director Susan Yager. In
accordance with that focus, a faculb-focused workshop was presented Thursday
afternoan.

David Melzer, assistant professor of physics and astronomy, has done extensive
research in making large introductory physics lecture courses mare interactive. He
shared several of his technigues with a group of about 14 faculty members from a
wide variety of colleges and departments.

"Large classes are nothing new" Melizer said. "It is not necessarily that classes
have gotten higger, just that there is maore interest in doing something about it"

Meltzer described a technigue employing flash cards to engage students in his
class.

"The first thing they hear is how these flash cards wark" he said.

Students are required to bring them to class and then respond to several multiple
chaoice gquestions throughout the class period.

"Clean and arganized presentation [of material] does not come close to being
sufficient,” Melizer said.
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2002 Summer Meeting Database Search
Author Search Result

The following abstracts matched the criteria which you entered.

Author(s): Meltzer, David
Session Code:  GFO3

Session Date: Wednesday, Aug 7
deszion Time:  9:00 am

Title: Observation, Measurement, and Data Analysis in PER: Methodological Issues and Challenges
Abstract:

Just as in other areas of physics, researchers in physics education make use of a variety of observational tools and techniques and of forms of
data analysis. In order to probe students' thinking, multiple-choice instruments, students' written explanations, individual interviews, and
recordings of group activity are all emploved. Each of these methods has both advantages and drawhbacks, and it 15 frequently challenging to
extract from this variety of data sources a coherent and consistent model of student thinking Moreowver, a number of challenging
methodological 1ssues are always present during data analysis, including uncontrolled *hidden" variables, reliability and walidity of diagnostic
instruments, multidimensionality of student lnowledge states, etc. IT'will review some of the 1ssues related to observational methods and data
analysis, and offer a variety of options for addressing these problems 1n practical work

@ 2002 American Association of Physics Teachers

[American Association of Physics Teachers]
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Physics Education Research Conference (PERC)

August 7-8, 2002 - Boise, ID

Breakout Session | - Issues related to quantitative methods and data analysis in PER

Location: Hatch Ballroom C&D

David E. Meltzer, lowa State University and

Richard R. Hake, Indiana University

A number of issues are always present, implicitly or explicitly, when using quantitative methods to carry out PER. A few of
these include: identifying targeted outcome variables as well as possible confounding variables, distinguishing among the
criteria measured by different diagnostic instruments, validity and reliability of diagnostic instruments, possible biases in
sample selection, statistical significance vs. "practical” significance of observed effects, criteria for assessing magnitude of
effect (e.g., normalized gain, effect size, etc.). We will present a short introduction based on our experiences in confronting
these issues. We will then invite participants to provide written questions based on issues that have arisen in their own
experiences, and these will be presented for open discussion among all participants.
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Tuesday December=3

<= Physics

Events [Oth State University]

The Process of Physics Education Research: From Investigation of Students'
Reasoning to Improved Learning in the Classroom

Who: David E. Meltzer - {Department of Physics and Astronomy, Iowa State University)
Where: Smith Lab, Room 1094

When: Monday, November 25, 2002 at 10:30

Type: Physics Education Seminar

Description: The work of physics instructors can be assisted by Physics Education Research
through systematic investigations into students' reasoning, development of new curricular
materials, and careful assessment of student learning. As an example, I will describe our
investigation of students' reasoning in thermodynamics. Analysis of students' written
explanations along with one-on-one interviews has disclosed persistent confusion regarding
process-dependent quantities such as heat and work. For instance, most students seem to
believe that net heat absorbed and net work done by a system undergoing a cyclic process
must be zero. Curricular materials designed to address these difficulties are being
developed and tested. In a separate project, initial phases of an investigation into the
relationship of representational mode (verbal, mathematical, diagrammatic, etc.) to student
learning has identified severe and widespread difficulties with vector concepts expressed in
graphical form. In a broader context, we are also engaged in development of a "Workbook
for Introductory Physics" comprising curricular materials designed for a full semester of fully
interactive lectures in large-enrollment classes. Efforts to assess these materials raise
general questions regarding measurement of learning gain and sample selection bias.
Methods developed to address these and related problems in physics education have
implications and impact behind the confines of departments of physics and astronomy.
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[South Dakota State University]

. b ron
Dr. David E. Meltzer
Dept. of Physics & Astronomy

Towa State University

Thursday, November 21, 2002
4.00 pm — CEH 324

The goal of Physics Education Research {(PER | is to improve the effectiveness of physics
instntion.  PER comprises systemalic imvestigations into students” masoning. development of
new curncular materials, and careful assessment of student leaming. As an example of the "hasic
research” phase of PER. [ will deseribe our investigation into studenis’ reasoning in
themmadynamics. Analysis of studenls’ writben explanations along with one-on-one inberviews has
disclosed persistent confusion regarding process-dependent quantities such as heat and work.
Curricular materials designed to address these difficullies are heing developed and tested. [na
broader conlexl, we are engaged in development of & "Warkbook for Introductery Plhysics™
comprising curicular matenals  for an entire semester of fully inleractive lectures in a large-
enrollment class. Effors 1o assess these malerials raise general questions reganding measure mant
af beaming zain and evaluation of instructional methads.

PHYsICS COLLOQUIUM
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Tilesday Fentuary o5 2003 [University at Buffalo, SUNY]

Investigating and Improving Student
Learning Through Physics Education
Research

Professor David E. Meltzer

Department of Physics and Astronomy, Iovwa State University

Physics Education Research comprises systematic investigation of the
physics-learning process, as well as application of findings to improve the
effectiveness of physics instruction Probes of student understanding lay
the basis for development of curricular materials that help students
address and resolve common learning difficulties. For example, our
itwestigation of student learning of thermal physics has identified
persistent confusion related to process-dependent quantities such as heat
and worl, and a strong belief that net heat absorbed and net work done by a
systemn undergoing a cyclic process must be zero. A concurrent project
has 1dentified specific learning difficulties related to the mode 1 which
physics concepts are represented (eg, diagrammatic, mathematical, or
graphical). Curricular materials designed to address learning difficulties
uncovered through our research are being developed and tested A
particular emphasis of our work has been development of materials
appropriate for fully interactive lectures in large-enrcllment classes,
designed to engage students more actively in the learning process. Efforts
to assess the effectiveness of instructional mnovations raise general
15sues regarding measurement of learning gain, carrying implications for
undergraduate education that transcend departments of physics.

T




Previous Projects

* Physics course for Elementary Education
majors and other non-technical students
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2 NSF Award Abstract - #9896264

Elementary Physics Course Based on Guided Inquiry

NSF Org DUE
Latest Amendment Date July 2. 1998
Award Number Y896264
Award Instrument Continuing grant

Program Manager Duncan E. McBride
DUE DIVISION OF UNDERGRADUATE EDUCATION

EHR DIRECT FOR EDUCATION AND HUMAN RESOURCES
Start Date June 1. 1998
Expires February 28, 1999 (Estimated)
Expected Total Amount $30700 (Estimated)

Investigator David E. Meltzer dem@iastate.edu (Principal Investigator current)
Kandiah Manivannan (Co-Principal Investigator current)

Sponsor lowa State University
2207 Pearson Hall, Room 15
Ames, [A 500112207 515/294-5225

NSF Program 7410 DUE COURSE & CURRICULUM PROG
Field Application
Program Reference Code
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Previous Projects

* Investigation of factors underlying individual
variability in physics learning
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The relationship between mathematics preparation and conceptual
learning gains in physics: A possible “hidden variable” in diagnostic
pretest scores

David E. Meltzer
Department of Physics and Astronomy, Towa State University, Ames, Towa 50011

(Recerved 27 July 2001; accepted 23 August 2002)

There have been many investigations into the factors that underlie variations in individual student
performance in college physics courses. Numerous studies report a positive correlation between
students” mathematical skills and their exam grades in college physics. However, few studies have
examined students” learning gain resulting from physics instruction, particularly with regard 1o
qualitative, conceptual understanding. We report on the results of our investigation into some of the
factors, including mathematical skill, that might be associated with variations in students” ability to
achieve conceptual learning gains in a physics course that employs interactive-engagement methods.
[t was found that students” normalized learning gains are not significantly correlated with their
pretest scores on a physics concept test. In contrast, in three of the four sample populations studied
it was found that there is a significant correlation between normalized learmning gain and students’
preinstruction mathematics skill. In two of the samples, both males and females independently
exhibited the correlation between learning gain and mathematics skill. These results suggest that
students” initial level of physics concept knowledge might be largely unrelated to their ability to
make learning gains in an interactive-engagement course: students” preinstruction algebra skills
might be associated with their facility at acquiring physics conceptual knowledge in such a course:
and between-class differences in normalized learning gain may reflect not only differences in
instructional method, but student population differences (“hidden variables™) as well. © 2002
American Asvacigtion of Physics Teachers.

[DOL: 10119/ 11514215

Signaturesﬁ Cnmmentsﬁ Thumhnails% Bookmarks

I. INTRODUCTION In Secs. 11 and 11, 1 review the results and limitations of
previous studies on the relation of students™ pre-instruction

A primary goal of research in physics education is to iden-  preparation to their performance in physics courses. In Sec.
tify potential and actual obstacles 1o student learning, and IV T describe a widely adopted measure of student learning
then to address these obstacles in a wav that leads 1o more called “normalized learning gain™ and explain why it is an
elfective learning. These obstacles include factors that origi- appropriate measure for the objectives of this study. In Sec.
nate during instruction—such as instructional method—as vV various factors that may be related to learning gain are
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New Projects

 Instruction and Assessment of Problem-
Solving Skills
— Collaboration led by Craig Ogilvie, with David

Atwood (grant proposal to National Science
Foundation)



New Projects

 Development of Visually Based Active-
Learning Physical Science Course

— Collaboration with Departments of Chemistry, Art
and Design, and Curriculum and Instruction (grant
proposal to Department of Education)
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Calorimetry Worksheet

Initial Temperature Final Temperature
Time Zero Long After

( Click here to see Long After ] ( Click here to see Time Zero ]




5 and Noites from Stody Materials

- Enesgy always moves from hot to cold.

I,r‘ Energy transfersd is heat.
L Heat flow depends on the amount of material

Heat

Circles represent objocts, The black
lines represent enerpy levels associated

| with sach object. The red and orange

AN # lines represent the relative levels of
. So— energy transfer and the direction
of tremsfer between the objects.



Melals
O Siver
O Gold
& Copper
QO lron
O Metal X
O Metal ¥

Mass:

3100 |

Temperature:

164 OC{ag

50.00 |8

Tornparaiun:

2000 [=C

Heat Transfer between Metal and ‘Water

Specific Heat:

0.385 Jig-K
4.18 g

—_—
b1 J-c

(= Copper

Mass;

AR
[31.00 | g

Temperalune:

1640002

‘Waler Tempsaraiure

50.00 | @

Tempoeaiue:

2000 [=C

al and Water

Temperaturs |*C)

&5

Metal:

Specific Heat;

Jig-K

Epedhic Heal of Waler
418 Jig

Rasat

Interactive Simulations of Thermal Phenomena



= Specific Heat ]

Hisal Transfer (in ) eguals the Specific Heal (in.000z# O of a material times the mass (in g) tirses the Temperabone
Charge (in ® O, Below, equal ameunts of energy are added o equal masses of Copper, Aluminaem, and Waler, What =
the relaticnship between Tempemture Change and Specific Heat?

Specifie Heat of Selectid
Materials
[ Joubes / {gram «* C}

Aluminum 0.0
Copper 0385
Tron 0444
Gald 126
Silver 2%
Waler IRLT]

The bottom Image s a
screenshat of the
animation after nearly 50
Joules of =nergy have
been added to each of
the three materials.




Conclusion:
Prospects for Growth of PERG

* EXxperience suggests that PER is an attractive
field for prospective graduate students (but
good English-language skills required)

* Recent employment prospects for PER
graduates have been extremely favorable

« Small numbers of personnel can have
disproportionately large national impact
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