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The intent of this Resource Letter is to provide an introduction to resources for programs for the
preparation of physics graduate students for their responsibilities as teachee®oo @merican
Association of Physics Teachers.

[. INTRODUCTION items which, while they may be encountered relatively infre-
quently, are important and useful both as background and

This Resource Letter has been undertaken in the hope gfhen needed. _ _
providing to those who have the responsibility for the edu- The processes whereby one generation passes on its
cation of physics graduate students—including, of courseknowledge, experience, and responsibilities to succeeding
the graduate students themselves—an introduction to reédenerations are very old ones, as are the problems associated
sources for programs for the preparation of graduate studeny4th so doing. The records of writings, discussions, and pon-
for their teaching responsibilities. Moreover, since teachingfifications on the subject go back almost to the beginnings of
both formal and informal, is something in which all of us recorded histor§:” Moreover, as Jerome Bruner has re-
engage in many aspects of our lives, it is hoped that thighinded us:

Resource Letter may be of interest and use to new faculty each generation must define afresh the nature, direction,
members and their mentors, and to graduate students who go and aims of education to assure such freedom and ra-
on to nonacademic positions in which they need to commu- tionality as can be attained for a future generation. For
nicate with others in written or oral reports and lectures, or  there are changes both in circumstances and in knowl-
need to provide leadership for persons whose expertise may edge that impose constraints on and give opportunities to
not be in physic$™ the teacher in each succeeding generation. It is in this
It should be noted at the outset, however, that this Re- sense that education is in constant process of invefition.

source Letter is offered with the strong caveat that experi- oyer the past few decades we have experienced rapid
ence has clearly shown that there is no Royal Road to SUGhanges in all aspects of life in our society, many of which
cess in these matters—no “one-size-fits-all” permanent,aye significantly altered the landscape and climate in which
solution to educational problems. As John von Neumannyyr educational systems operate. Social, political, economic,
once remarked in another context: “one should take ne|therega|, and technological changes, changes in employment
present difficulties nor presently proposed reforms too seripatterns, changes in our knowledge and understanding of the
ously. To ask in advance for a complete recipe would baearning and teaching processes, and changes in student
unreasonable. We can specify only the human qualities reneeds, attitudes, and academic preparation have all generated
quired: patience, flexibility, intelligence.” Moreover, there new opportunities and new constraints. There has been in-
is more to the education of a physicist and a physics teachefreased societal awareness and concern about the levels of
than just physics. Since 1945 when physics and physiciststudent performance in mathematics and science, and about
exploded into the consciousness of the world and became gndergraduate education in general. With an increasing rec-
visible part of national budgets, their connections to societygnition of the value of post-secondary education in our
have grown stronger and more frequently scrutinized. Someschnological world, both the percentage of the population
knowledge and understanding of the history and philosophgntering higher education and its diversity have been increas-
of science, and of its social and economic relations to théng, and higher education, both undergraduate and graduate,
society in which it is embedded has become more than simhas increasingly been the object of criticism and calls for
ply desirable. For these reasons the scope of this Resourcadical changg.‘11

Letter has intentionally been made rather broad and includes Research-oriented colleges and universities that have large
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undergraduate and graduate programs and employ graduateln the design of a new program, or in the revision and
students as teaching assistants occupy a strategic positionupdating of an existing program, it is important that careful
the educational system. They are sources both for new resonsideration be given to establishing, at least as a starting
search results and for new teachers at all levels. They hayaoint, a clear understanding and a clear statement of what it
been the objects of publicly expressed concerns about this that one wishes to achieve. One must give equally careful
relative importance they assign to research and to teachingpnsideration to the nature and implementation of the feed-
and about the need for revising and upgrading instructionaback and assessment processes necessary to provide perti-
programs, including a reassessment and revision of graduateent and timely information about how the program is work-
programs, to meet the challenges of changing conditions iing, the direction in which it is moving, and what changes
society?~19 may be appropriate. It is not only in sailing and space flight

that continuing mid-course corrections are essential. Plan-
ning must also involve a realistic appraisal of the context in

Il. PREPARATION FOR THE ROLE OF TEACHER which the program is to be carried out, of the extent and
quality of faculty and administrative support, and of avail-
ggle resources of sspace and of time, of finances, and, espe-
cially, of personnef:

An old adage has it that “There is one thing that each of
s knows better than anyone else—that is where the shoe
tive and sobering to look at some of their answirs. pinches our foot.” If we wish to understand how graduate

New answers have evolved in each generation with th(_§,tudents perceive thel_r needs and difficulties, we need to in-
evolution of our knowledge and understanding of the proude them in the design and assessment processes from the
cesses of learning and teaching. Moreover, recent advancggry beginning. Experience has demo_nstrated _that .the.y can
in the cognitive, social and psychological sciences enabl@'N9 0 these processes valuable points of view, insights,
one to say that and creative ap_proaches that might (_)therW|s_e ha_ve gone un-

N ) recognized or inadequately appreciated. Likewise, under-
The body of research on the cognitive and social prograduates who have gone through the courses involved can
cesses that underlie the learning and performance of inmake significant contributions to the process and to “reality
dividuals and teams has grown to the point that it is a farchecks.”
better guide to training than is intuition or standard prac-
tice. In an era of global competition and information su-
perhighways when the survival value of being able tolV. RESOURCES
learn and change is greater than ever before, it is crucial
to draw on these resources to enhance traifiing. Resources for programs for the preparation of graduate

In particular, the last two decades have seen the growth d tude.nts _for.their teachirjg Qthies exist at various Igvels: gen-
an internationéll community engaged in research in physic ral, |nst|tut|onal, and d]s_c]pllnary departme.nt—wnh.corre-
education. Systematic study of student understanding h §£ond|ng levels of specificity. The general literature is truly

. o ! X e T dhmense and resources are available in a variety of formats,
zlelctied |mporttant.|m;orma}t|on :abo_ut the éj|ff|t():ult;esﬁthat§ SW-poth print and nonprint, including books, journals, confer-
ents encounter in learnin sics and about effective in; ; o ;
structional strategies for agdfesysing these difficulties. Ther§§nces proceedings, bibliographies, workshops, sample pro-

is by now a steadilv arowina research base that can serve S%&ms; and electronic communications. There is also a sub-
y Y9 9 A€ antial overlap with programs for new faculty members and,
a resource for the improvement of physics instructon.

where it appears appropriate, references to such programs
have been included.
. PROGRAM DESIGN It is perhaps unnecessary to comment on the great and
growing importance of the Internet as a resource. From Ap-
Any departmental program for preparing graduate studentplets and audio to e-mail and multimedia to video and virtual
for a role in instruction will have unique features since it will reality, the Web makes possible the exchange of information
have to take into account local short-term and long-termwith unprecedented rapidity and scale. Any individual or in-
needs and constraints. In the short-term there is a pressirggitution can create websites with numbers of documents and
need to help novice teachers learn “survival skills” within links restricted only by their ability to host them. It opens
the existing system. In addition to fulfilling whatever respon-new opportunities for publication and distribution of both
sibilities they may have in instruction, graduate assistants arprint and nonprint instructional materials, and for interactive
expected to move expeditiously through the sequence of fordiscussions and collaborations involving persons who are
mal courses, examinations, and research work which leads geparated geographically, as in distance learning programs
an advanced degree. Many new graduate assistants, parti@nd listserves.
larly those from other countries, find themselves working The process of finding material on the Web is being made
under a set of expectations and pressures which exceed more manageable by the development of more powerful
magnitude and differ in kind from any they have previouslysearch engines and of autonomous adaptive intelligent
experienced. But the education of teachers needs to go bagents** The Web is, however, a resource undergoing very
yond the short-term goal of minimal survival skills. Just asrapid change and web sites appear and disappear or become
important is the need to provide for all teachers, and to buildrphans with disconcerting frequency. Links to references
into the program itself, the long-term elements of broad perhave been provided where available and where the site has
spective, of self-improvement and self-renewal that will keepremained stable for a substantial period. They are up-to-date
the teachers, and the system, effective and prepared to taks of the time of this writing, but just as books go out of
advantage of change as well as to cope with it. print, these URLs may also.

Why should we bother with formal programs for the
preparation of physics graduate students as teachers? If,
the proverb has it, “Poeta nascitur, non fit—A poet is born,
not made,” is this not also true of a teacher? This question
has been addressed by previous generations and it is instr
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GENERAL RESOURCES

At the general level the literature on college teaching of-
fers an embarrassment of choices, with new books and ar-
ticles appearing almost daily. The few items listed here have
been chosen as representative of up-to-date and comprehen-
sive resources.

1.

Education(The Council of Graduate Schools, One Dupont Circle, NW,
Washington, DC, 1994
“This booklet was written to provide faculty members and admin-
istrators with a basis for understanding some of the legal implica-
tions involved in the resolution of conflicts affecting students, fac-
ulty, academic programs, and research. The issues addressed are due
process and liability concerns, particularly as they relate to a broad
spectrum of situations including academic misconduct, termination
of employees, sexual harassment, privacy of student records, revo-
cation of degrees, and plagiarism.”
18. Science Teaching Reconsidered: A HandhddkS/NRC Committee
on Undergraduate Science Educatiblational Academy, Washington,
DC, 1997. http://books.nap.edu/catalog/5287.html

Professional Development of Graduate Teaching Assistadited by
M. Marincovich, J. Prostko, and F. Sto(Anker, Bolton, MA, 1998.
In the 16 chapters of this book the editors and contributors provide
extensive background materials and up-to-date discussions for impor-

tant aspects of TA programs.

lege and University TeacherdOth ed., Wilbert J. McKeachie with
chapters by G. Gibbs, D. Laurillard, N. V. Chism, R. Menges, M.
Svinicki, and C. E. WeinsteifHoughton Mifflin, New York, 1999

. McKeachie's Teaching Tips: Strategies, Research, and Theory for Col-

19.

20.

Transforming Undergraduate Education in Science, Mathematics, En-
gineering, and TechnologyCommittee on Undergraduate Science
Education, National Research Coung@iational Academy, Washing-
ton, DC, 1999. http://books.nap.edu/catalog/6453.html

How People Learn: Brain, Mind, Experience, and Schaalited by

3. Teaching and Learning in the College Classrqod@nd ed., edited by K.

RESOURCES FOCUSED ON PARTICULAR
ASPECTS OF INSTRUCTION

9.

10.

11.

12.

13.

14.

. The Journal of Graduate Student Developm@#w Forums, Stillwa-

. “Research on College Teaching: The Historical Background,” Wilbert

. Styles of Learning and Teaching: An Integrated Outline of Educational 25.

. International Handbook of Science Education Part Qeeited by

http://lwww.hmco.com/ColCat/college.cgi?FNGet Titles
Aauthorproductshtml_426.0 The tenth edition of this classic volume
has much new material and discussion of topics of current interest and
importance. The titles of the 28 chapters might well serve as a kind of
“check list” for items to be considered for inclusion in a locally gen-
erated TA Handbook.

John D. Bransford, Ann L. Brown, and Rodney R. Cocking, Commit-
tee on Developments in the Science of Learning, National Research
Council (National Academy, Washington, DC, 1999 http://
www.nap.edu/catalog/6160.html

How People Learn: Bridging Research and Practieglited by M.
Suzanne Donovan, John D. Bransford, and James W. Pellegrino, Com-
mittee on Learning Research and Educational Practice, National
Research Council(National Academy, Washington, DC, 1999
http://www.nap.edu/catalog/9457.html

21.

A. Feldman and M. B. Paulse(lhe Association for the Study of
Higher Education, Pearson Custom, Needham Heights, MA,)1998
http://lwww.sscp.com/show/book2.html . . .
Disciplinary Differences in Teaching and Learning: Implications for Other general articles and books of interest on teaching and
Practice edited by Nira Hativa and Michelle Marincovich, New Di- teachers include:

rections for Teaching and Learning, No. 6&Winter 1995
(Jossey-Bass, San Francisco, 1995
http://lwww.JosseyBass.com/catalog/isbn/0-7879-9909-1/

22. “The Place of Teaching in the Research University,” Frank H. T.

Rhodes, inThe Research University in a Time of Discontertited by

J. R. Cole, E. G. Barber, and S. R. Graub@rde Johns Hopkins U. P.,

Baltimore, 1994, pp. 179-1809.

A Conversation about Mentoring: Trends and Modeldited by N. A.

Gaffney (The Council of Graduate Schools, One Dupont Circle, NW,

Washington, DC, 1995

24. Becoming a Critically Reflective Teache®Btephen D. Brookfield

(Jossey-Bass, San Francisco, 1995

http://www.JosseyBass.com/catalog/isbn/0-7879-0131-8/

The Skillful Teacher: On Technique, Trust, and Responsiveness in the

Classroom Stephen D. BrookfieldJossey-Bass, San Francisco, 1990

http://www.JosseyBass.com/catalog/isbn/1-55542-267-5/

Educating the Reflective Practitioner: Towards a New Design for

Teaching and Learning in the Professigi@onald A. Scha (Jossey-

Bass, San Francisco, 1987

Teaching Assistant Training in the 1990&dited by J. D. Nyquist, R.

D. Abbott, and D. H. Wulff, New Directions for Teaching and Learn-

ing Number 39(Fall 1989 (Jossey-Bass, San Francisco, 1989

“Effective College Teaching,” K. Patricia Cross, ASEE Pris(@cto-

ber 199}, pp. 27-29.

Preparing Future Faculty: A National Program of The Association of

American Colleges and Universities and The Council of Graduate

Schools. There is considerable overlap between the interests and prob-

lems of new faculty members and of graduate teaching assistants. A

project building on and extending the Preparing Future Faculty pro-

gram proposes to create model graduate programs to prepare future

faculty in five academic disciplines, including physics. Information is

available online at http://www.aapt.org/programs/pfpf.html

30. Adviser, Teacher, Role Model, Friend: On Being a Mentor to Students
in Science and Engineeringommittee on Science, Engineering, and
Public Policy, National Academy of Sciences, National Academy of
Engineering, Institute of Medicin€National Academy, Washington,
DC, 1997. http://books.nap.edu/catalog/5789.html

ter, OK 74076. A quarterly journal “designed to highlight those as-
pects of the teaching assistantship which prepare graduate students fof3-
the multiple roles they play as teaching assistants as well as for the
multiple roles they will play as professionals upon leaving graduate
school.” http://www.newforums.com/prod03.htm

J. McKeachie, J. Educat. Psych8R (2), 189—-200(June 1990

Psychology for Students, Teachers, and Lectyréteel Entwistle
(Wiley, New York, 198].

26.
Barry J. Fraser and Kenneth G. Tolikluwer Academic, Dordrecht,

1998.
9 27.

28.

Active Learning: Creating Excitement in the Classro@nC. Bonwell 29.

and James A. Eison, ASHE-ERIC Higher Education Report No. 1,
1991 (The George Washington University, School of Education and
Human Development, Washington, DC, 1991

Promoting Active Learning: Strategies for the College ClassroChet
Meyers and Thomas B. Jond3ossey-Bass, San Francisco, 1993
http://www.JosseyBass.com/catalog/isbn/1-55542-524-0/
Collaborative LearningKenneth A. BruffegThe Johns Hopkins U. P.,
Baltimore, 1993.

Open to Question: the Art of Teaching and Learning by Inquivy L.
Bateman(Jossey-Bass, San Francisco, 1990
http://lwww.JosseyBass.com/catalog/isbn/1-55542-268-3/

Software Goes to School: Teaching for Understanding with New Tech-
nologies D. N. Perkins, J. L. Schwartz, M. M. West, and M. S. Wiske
(Oxford U. P., New York, 1996

Rethinking University Teaching: A Framework for the Effective Use of

NATIONAL CONFERENCE PROCEEDINGS

Educational TechnologyDiana Laurillard(Routledge, London, 1993

31.

15. Classroom Assessment Techniques: A Handbook for College Teachers

2nd ed., T. A. Angelo and K. P. Crog3ossey-Bass, San Francisco,
1993. http://www.JosseyBass.com/catalog/isbn/1-55542-500-3/
Motivation for Learning—A Guide for the Teacher of the Young Adult
Stanford C. ErickseiiUniv. of Michigan, Ann Arbor, 1974

16.

17. Selected Legal Issues Relating to Due Process and Liability in Higher
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32.

Institutional Responsibilities and Responses in the Employment and
Education of Teaching Assistantsdited by Nancy Van Note Chism
(Center for Teaching Excellence, The Ohio State University, Colum-
bus, 1987.

Preparing the Professoriate of Tomorrow to Teach—Selected Readings
in TA Training edited by J. D. Nyquist, R. D. Abbott, D. H. Wulff, and

J. SpraguéKendall/Hunt, Dubuque, IA, 1991
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33. The TA Experience: Preparing for Multiple Roleselected readings Disability Services” which provide useful information and
from the 3rd Nati_onal anference on the Training and Employment Ofsupport in these areas. Significantly, most of these organiza-
Graduate Teaching Assistants, edited by Karron G. LéWew Fo-  tions have web sites on their college or university servers.

rums, Stillwater, OK, 1998 R . . . i
34. Teaching Graduate Students to Teach: Engaging the Disciplines, Pro-LIStIngS at the University of Kansas and at Dalhouse Univer

ceedings of The Fourth National Conference on the Training and Em—SIty prowde links to about 200 such programs in 44 states in

ployment of Graduate Teaching Assistamssited by T. A. Heenan and  the US and listings to many centers in other counffieEhe

K. F. Jerich(1995. Available from UFAS# 1-3-63757. University of resources thus available include institutional Handbooks for
lllinois at Urbana-Champaign. Accounting Business Office, 162 HenryTAs, syllabi for TA training courses, bibliographies on
Administration Building, 506 South Wl‘ight Street, Urbana, IL 61801. teaching and |earning, book revieWS, and Occasiona| papers

% Kational Gonferencé on the. Education and Employment of Graaua0") @ Wide variety of relevant subjects. These sites are an
Teaching Assistant&Jniversity of Colorado at Boulder, 8—11 Novem- important source of information and resources, and web surf-

ber 1995. ing among them can uncover much useful material most of

36. Changing Graduate Education. The Sixth National Conference on thévhich may be freely downloadéd.

Education and Employment of Graduate Teaching Assistahtier-

sity of Minnesota. Twin Cities, 6—9 November 1997. For information,

see http://wwwl.umn.edu/ohr/taconference/ A report on this conferencd|SCIPLINARY RESOURCES

by Alan Kalish is on line at http://www.workplace-gsc.com/featuresl/

kalish.htm| Among the sciences physics has been in the forefront in
responding to the need for change. In the past decade or so
INTERNATIONAL TAs there have been many innovative curriculum gjevelopments,

national conferences and workshops, and national proposals

Although the distribution function for the countries they for the reform and revitalization of instructional programs.
come from has changed over the years, the number of inter-
national physics graduate students remains a substantial fralghysics education conference proceedings
tion of the total physics graduate enrollment, and understand-
ing their individual cultural and educational backgrounds and 42. The Changing Role of Physics Departments in Modern Universities:
points of view, as well as the legal aspects of their stay in  Proceedings of ICUPEedited by Edward F. Redish and John S.
this country, continues to merit serious attention. In addition  Rigden (American Institute of Physics Conference Proceedings 399,

to local sources, information may be obtained from national ~ College Park, MD, 1997 The two volumes of the proceedings of this
organizationS' international conference on physics education provide a panoramic

view of important developments of the past decade or so, and a section
with sample classes of some of the new instructional developments.
43. Conference on the Introductory Physics Course: On the Occasion of
the Retirement of Robert Resniddited by Jack Wilsoriwiley, New
York, 1997. These proceedings focus primarily on introductory level
courses.
44.PER Conference 98. Physics Education Research Conference Proceed-
ings 1998 edited by T. C. Koch and R. G. FulléUniv. of Nebraska,
Lincoln, 1999.
“We see this document as a snapshot of the Physics Education
Research community in the United States, as of the summer of
1998. The proceedings includes a printed version of almost all the
talks from the conference, as well as an appendix with historical
information and summaries of the activities of the U.S. PER
groups.” http://physics.unl.edu/perc98
45. Physics Education Research Conference 1999 Program.

37. NAFSA/Association of International Educators, 1307 New York Av-
enue, NW, Washington, DC 20005-4701. The organization publishes
an extensive list of books and articles relating to international students
and their problems. NAFSA is on-line at http://www.nafsa.org

38. International Graduate Students: A Guide for Deans, Faculty, and
Administrators(The Council of Graduate Schools, One Dupont Circle,
NW, Washington, DC, 1991

“Designed for deans, faculty, department chairs, and administrators
concerned with issues relative to international graduate students.
Some topics discussed include recruitment, admissions. English lan-
guage competence, financial support, and immigration require-
ments.” http://www.cgsnet.org/

39. CULTUREGRAMS: Brochure$4 pageg are available for more than
125 areas of the world, providing information on Land and Climate.

History, Population, Language, Religion, General Attitudes. Personal http:/Awww. physics.umd.edu/rgroups/ripe/perg/perc/
A ; Visiting. Eating. Family. Dati : . . .
ppearance, Greetings, Gestures, Visiting, Eating, Family, Dating and 46. Thinking Physics for Teaching: Proceedings of an International Con-

Marriage, Diet, Recreation, Holidays, Commerce, Government, " o - . .
: IS ’ ference on Thinking Science for Teaching: The Case of Physided
Economy, Transportation and Communication, Education, and Health. - L : .
Y P \ uhicat ucatl by C. Bernardini, C. Tarsitani, and M. VicentiffPlenum, New York,

They are available from the Publications Division of the David M. 1995. http:/Awww.wkap.nl/bookent htm/0-306-45192-1

Kennedy Center for International Studies, Brigham Young University, ; . A . -
P.O. Box 24538, Provo, UT 84602-4538, Tel.. 1-800-528-6279, 47. Research in th3|cs Learning: Theoretlcal Issues and Empirical Stud-
ies. Proceedings of an International Workshdgremen, Germany,

http://www.culturgram.com/ . . ;
40. Library of Congress Country Studies: A continuing series of books ?II_DﬁI,hﬁ?éihGlegrquéni(,in%%;y R. Duit, F. Goldberg, and H. Niedderer

repar he Federal R rch Division of the Libr. f Congr
prepared by the Federal Research Division of the Library of Congress 48. Cooperative Networks in Physics Education Proceedings of the Oax-

under the Country Studies/Area Handbook Program. This online .tepec Conferenceedited by J. BarojasAmerican Institute of Physics
ri rrentl ntain i f 1 ntries.  On-lin .
series currently contains studies of 100 countries. On-fine at Conference Proceedings 173, College Park, MD, 1988

http://lcweb2.loc.gov/frd/cs/ ) . . : .
: C . : 49. Research on Physics Education, Proceedings of the First International
41. Cultural M : The F h-Al E Rey- ’ -
Culral Misunderstandings © rrench-American =xperienicey Workshop La Londe Les Maures, France, edited by G. Defacé.

monde Carrol(University of Chicago, Chicago, 1988Culture studies ) . " :
: - . Tiberghien, and J. Schwartgditions du CNRS, Paris, 1983
th hich th | look at th Id.
contrasting the ways in which the two cultures look at the world 50. Conferences sponsored by GIREP: International Research Group on
Physics Teachinghttp://pef.pef.uni-lj.si~girep) are published in En-

glish and includeThe Many Faces of Teaching and Learning Mechan-
INSTITUTIONAL RESOURCES ics 1984 (Holland); COSMOS—An Educational Challen@y@86 (Den-

Almost every university and college has an “Office of mark); Energy Alternatives—Risk Educatiorf989 (Hungary;
Teaching about Reference Frames—From Copernicus to Eink$8ih

FaCUIty and TA Development or a “Center for TeaChmg (Poland; Light and Information1993(Portugal; Teaching the Science

a_nd Learning which prowdes camp_us-_vwd_e programs of as- of Condensed Matters and New Materidl895 (Italy); New Ways of
sistance to faculty and TAs. Most institutions also have an  Teaching Physic4996 (Slovenia: Hands-on Experiments in Physics

“Office of International Student Affairs” and an “Office of Education1998 (Germany.
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Richard M. Reis, Stanford University

Books and articles on physics teaching http://cis.stanford.edu/structure/tomprof/listserver.html

51. A Guide to Introductory Physics Teachingrnold B. Arons(Wiley, . .
New York, 1990. v " (witey Physics education research resources

52. Teaching Introductory Physic#rnold B. Arons(Wiley, New York, - : :
1997, This book subsumes its predecessef. 51) and provides an The field of physics education research has become well

additional section of problems. established in the physics community durir_lg the past_decade.
http://www.wiley.com/college/math/phys/cg/sales/arons/arons.html A recent Resource Letter, PER-1: Physics Education Re-

53. Teaching Introductory Physics: A Source Bo€lifford E. Swartzand ~ Search, provides an extensive critical bibliography and an
Thomas Miner(Springer-Verlag, New York, 1998 invaluable guide to the field. It is recommended that it be
http://www.springer-ny.com/catalog/np/apr98np/1-56396-320-5.html  -gnsulted in connection with this Resource Letter.

54. Peer Instruction: A User’'s ManuaEric Mazur(Prentice Hall, Engle-
wood Cliffs, NJ, 1997. 60.“Resource Letter: PER-1: Physics Education Research,” L. C. McDer-
http://www.prenhall.com/books/esr135654416.html mott and E. F. Redish, Am. J. Phy&7 (9), 755—767(1999.

55. Tutorials in Introductory Physics and Homework Manuklllian C.
McDermott and Physics Education Group, University of Washington Other recent developments may be found in the journals ref
(Prentice Hall, Englewood Cliffs, NJ, 19p7Table of Contents on-line  erenced above, and in
at http://www.prenhall.com/books/esi®139566406.html

56. Just-In-Time Teaching: Blending Active Learning with Web Technol- 61. Connecting Research in Physics Education with Teacher Education
ogy, G. M. Novak, E. T. Patterson, A. D. Gavrin, and W. Christian edited by Andre Tiberghien, E. Leonard Jossem, and Jorge Barojas
(Prentice Hall, Englewood Cliffs, NJ, 1999 (an I.C.P.E. Book, 1998, 1999
http://www.prenhall.com/books/esr1130850349.html http://www.physics.ohio-state.edujossem/ICPE/BOOKS.html

57.0n Teaching Physicedited by M. N. PhillipsS(AAPT, 1979.

58. k?mall Gfoup Teaching in Undergraduate Scienedited by Jon Og- DEPARTMENTAL PROGRAMS

orn (Heinemann Educational Books, London, 1877

59.“Reading the equations and confronting the phenomena—The delights A¢ R nn revi lv. there is no “one-size-fits-
and dilemmas of physics teaching,” Robert H. Romer, Am. J. Phys. S has been noted previously, there is no “one-size-fits

61 (2), 128-142(1993. aII”_permanent solution for departmer_ltal programs for pre-
paring graduate students for a role in physics instruction.
Each program will have unique features answering to the
details of local circumstances, local curricula, and the myriad
of other local short-term needs and constraints. It is, how-

Journals, Newsletters, and Listserves

American Journal of Physics ever, a commonly observed characteristic of successful pro-
http://www.aapt.org/pubscatalog/Am.J.Phys. html ~ grams that, while answering to the local conditions, they
Physics Education Research: A Supplement to the Americavolve graduate students as partners in the enterprise, that
Journal of Physics they have strong departmental and institutional support, and
http://www.aapt.org/pubscatalog/per/per.html that they have effective feedback mechanisms for continuing
The Physics Teacher self-assessment and revitalization. It is apparent also that the
http://www.aapt.org/puhscatalog/tpt/tpt.html most important and valuable resource for any such program
Journal of College Science Teaching lies in the imagination, creativity, empathy, patience, persis-
http://www.nsta.org/pubs/jcst/ tence, and just plain hard work of those who design, create,
Journal of Research in Science Teaching and work to sustain and improve it.
http://wwwa3.interscience.wiley.com/catalog/ Departmental programs tend to fall into two general cat-
jorder.cgi?actiorjournal&id=00224308 egories:

Physics Education New&EN) ) ) -
http://www.aip.org/enews/pen/subpen.html (@ programs directly connected with a specific course or
The Physics Alliances Newsletter course sequence, usually at the_ introductory level, in
http://www.physics.rutgers.edulindenf/aps/ which many of the graduate assistance teach, and
Newsletter of the Forum on Physics Education of the Ameri<b) programs of a more general character involving formal
can Physical Society course work in physics edupatlon, _often as a part of an
Forum web site at http://www.aps-fed.org advanced degree program in the field.

Physics Education, Institute of Physics, London .
http:/Awww.iop.org/Journals/pe ~ Incontrast to the volu'me of_materlal at the ger)eral and the
International Journal of Science Education !ns'glt_utlonal levels, relatively little has _been published about
http://ww.tandfdc.com/JNLS/sed.htm |n<_j|V|duaI departmental programs in either category. Perhaps
Cognition and Instruction this may be so becausg, in some sense, helping someone to
http:/Avww.erlbaum.com/html/969.htm learn how to teach well is more easily done than said, and the

Science & Education. Contributions from History, Philoso- PrOC€ss is more of an apprenticeship in which, as Picasso put

phy and Sociology of Science and Mathematics. http://t “What I do not know how to do, | learn by doing.”

W:Wkgp.nI/JrnItoc.htm/0926-7220 ] 62. Physics Departments in the 1990s. Topical Conference Series April
Physics in Perspective, edited by J. S. Rigden and R. H. 30-May 2, 1993edited by G. M. Crawly and B. V. Cheetjmerican
Stuewer, Birkhaser Verlag Association of Physics Teachef§C-07), College Park, MD, 1993
http://lwww.birkhauser.ch/journals/1600/160@.htm Brief descriptions of TA training programs in the physics departments

E-mail Discussion Groups For Physics Education: Directory of four universities, and discussions on mentoring new faculty, are

; . _ ; ; provided on pp. 58-78.
on _Ilne at http://www-hpcc.astro.washington.edu/scied/ 63. “Teaching teaching assistants at UT-Austin" L. C. ShepleyCion-
physics/physlists.html

X . , ference on the Introductory Physics Course: On the Occasion of the
Tomorrow’s Professor Listserv: Tomorrow’s Professor: Pre-  Retirement of Robert Resnjckdited by Jack Wilsor{Wiley, New

paring for Academic Careers in Science and Engineering, York, 1997, pp. 229-232.
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64. “Training the Teaching Assistant: Matching TA Strengths and Capa-  This section presents a smorgasbord of references to topics
bilities to Meet Specific Program Goals,” F. Lawrenz, P. Heller, R. from which to pick and choose. As was mentioned in the
Keith, and K. Heller, J. Coll. Sci. TeacB2 (2), 106-109(November |ntroduction, the selection has intentionally been made rather
1992, broad and includes items which, while they may be encoun-

65. “TA Orientation Syllabus, Fall 1999,” University of Minnesota Phys- tered relatively inf tl . tant and ful both
ics Education Research and Development Group. ered relatively infrequently, are important and useful both as

http://www.physics.umn.edu/groups/physed/T@rientation/ background and when needed.

TA99Syllabus.htm The reader is also reminded of Ref2 The Changing
Role of Physics Departments in Modern Universities: Pro-
ceedings of ICUPE, edited by Edward F. Redish and John S.
Rigden(American Institute of Physics Conference Proceed-

Publications of a previous generation which still pre-
serve their interest:

66. “Suggestions for beginning college physics teachers,” Dana Roberts

Phys. Teach19 (5), 305-309(1981). ings 399, College Park, MD, 1997and Ref.60: Resource
67. “Tips for TAs,” Michael J. Bozak, Phys. Teach.21 (1), 21-28  Letter: PER-1: Physics Education Research, L. C. McDer-
(1983. mott and E. F. Redish, Am. J. Phy&¥ (9), 755—-767(1999),
68.“Use of observers in physics sections,” K. J. Casper, Am. J. PAYs.  gs print sources of major importance for additional refer-

(11), 1274-12771973. ences and examples.
69. “Observer in the classroom,” K. A. Carroll, Am. J. Phy4l (11),
1277-12821973. Curriculum development
70. “Instant replay and the graduate teaching assistant,” F. S. Mozer and . .
S. M. Napell, Am. J. Phys43 (3), 242—244(1975. A comparison of the number of Physics Abstracts for 1949

71. “Hawthorne effect and quality teaching: Training graduate teachingwith that for 1999 documents the enormous and continuing
assistants to teach,” A. Armenti, Jr. and G. F. Wheeler, Am. J. PhyS-expansion of our kn0W|edge and understanding of the physi—

46 (2), 121-124(1978. cal world that has occurred since the end of World War 1.
Corresponding changes in the Physics Abstracts classifica-
FORMAL COURSES IN PHYSICS EDUCATION tion scheme illustrate the profound changes in the way physi-

- ... cists classify physical phenomena and conceptualize the re-
In contrast to training programs keyed to ongoing 'nd"lations among them. Equally profound have been the
vidual introductory level COUrSEs, programs for prEzp"jlratiorbevelopments in corﬁmunications information, and peda-
of graduate students for a career in teaching and research iy, iooi'technologies. All of these changes have contributed
physics education may include formal courses and semina new problems for. curriculum development in each suc-

at the gra?fuatt?] level nglchtrufn forg semestedr OF more. Suc eeding generation, problems which are made increasingly
courses otfer the opportuntty 1or a deeper anc more COMPI&igic it hecause while our knowledge has continued to ex-

hensive view of physics education. At this level also the 4 “the time available for formal instruction has not. Max-
opportunity presents itself for the active involvement of thewell’s comment that “Now a days we have too much to
graduate students as colleagues as well as students. In PE ch and too little time to teach it° has even more rel-
Millikan Award Lecture “Teaching and Learning,” Frank evance today than when he made it in 1856

?ppﬁnhemert (;emarllfe_?h that Thetre are two th'?gfh t?at The history of conferences and projects related to college
eachers must do well. They can set up environments hat arg, university physics curricula in the era of the sixties and

conductive to leaming, and they can help students get une'arly seventies contained in the reports of the Commission

e [iFfi PPN
Sul‘c:;: I.td's ?'ff'cu“ to b_e” more Sp?C";'C' | needs and boung 2" College Physics provides insight into the successes and
nadiviaual courses will answer 10 local needs and bountsy; reg of the many curricular ideas and reforms of that pe-

ary conditions, but actively involving the graduate studer]tsﬁod both for introductory level courses and for physics ma-
in the design and implementation of the course, and havin r curricula®® In the decade of the 1990's a national cur-

the course itself model for them some of the many ways irfjc,|;;m project. The Introductory University Physics Project

which one can “set up environments that are conducive tc{lUPF) undertook to encourage new approaches and in-
learning” and “help students get unstuck” are useful POINts (e ased diversity in introductory physics courses.
of departure.

The old basic questions “What shall | teach?” and “How 72.“The Introductory University Physics Project 1987—1995: What has it
shall I teach it?,” and the more specific questions that follow  accomplished?” L. A. Coleman, D. F. Holcomb, and John S. Rigden
from them, are germane at all levels of instruction and sug- ~ Am- J. Phys66(2), 124-137(1998. This paper reviews the history of
gest a wide variety of topics for study and discussion in the - {ZPIR S0 18 Sent et e et uote Buner:
areas_ of, for example, curriculum develOpmem’.le.ammg a.nd “a curricu’Ium is a thing in balance that can not be developed first for
teaching styles, student and teacher characteristics, motiva- content, then for teaching method, then for visual aids, then for some
tions and attitudes, instructional methodologies and tech-  other particular feature.?
nologies, lectures and lecture demonstrations, tutorials, cog- .
nitve studies, concept formation, problem solving, AS & part of the project one of the authors developed a useful
laboratory work and laboratory safety, examinations, asses§et of “filters” for assessing the suitability of a given topic
ment, evaluation and other feedback mechanisms, mentorinf! inclusion in an introductory level course.
the history, philosophy, cultural and societal aspects of phys-73 «Guest comment: Filters for choosing topics for the introductory phys-
ics, the interactions of physics with and its relations to other ics course,” D. F. Holcomb Am. J. Phys61 (11), 969-970(1993.
disciplines, and research in the field of physics education. A sampling of other curricular projects was presented in a Special

With an increasing number of programs in physics educa- Edition O_f the EdUCf’:ltiOI’l Qutreach pL_Jincation of the American Physi-
tion research appearing in physics departments around the Zzt)ufgﬂfﬁ and is available online at http://www.aps.org/educ/
countr_y mor? SUCh.CourseS a,r,e coming |n'to being. Here agai 4. “Introductory Physics Reform in the Traditional Format: An Intellec-
there is r)o One'S|Ze'f'tS'6}”! a”O_' Sy”ab' fo_r Such courses tual Framework,” Kenneth J. Heller, Newsletter of the Forum on Edu-
necessarily reflect the philosophies and viewpoints of the  cation of the American Physical Society, Summer 1999, pp. 7-9;
individual programg® http://webs.csu.edwbisb2/FEdnl/heller.htm
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75. Individual Study in Undergraduate Science H.E.L.P. Curricylum 92. The Art and Science of Lecture Demonstrati@marles Taylor(Insti-

http://ivc.uidaho.edu/natnova/pdf/undergradscience.pdf tute of Physics, Bristol, 1988
76. “Experiments in teaching captives,” H. R. Crane, Am. J. Phy34 93. Why Toast Lands Jelly-Side Down: Zen and the Art of Physics Dem-
(9), 799-807(1996. onstrations Robert Ehrlich(Princeton U. P., Princeton, NJ, 1997
94. Turning the World Inside Out and 174 Other Simple Physics Demon-
Feedback: Examinations and assessment strations Robert Ehrlich(Princeton U. P., Princeton, NJ, 1990

. . . . 95.“Resource Letter: PhD-1: Physics demonstrations,” J. A. Davis and B.
It is amusing the way your best-laid plans go wrong in G Eaton, Am. J. Physt7, 835-840(1979.
dealing with a class or an audience. An examination of- 96.Clouds in a Glass of Beer: Simple Experiments in Atmospheric Physics
ten turns into an examination of the teacher’s ability to  C. F. Bohren(Wiley Science, New York, 1987
ask questions clearly. You never can tell what you have
said or done till you have seen it reflected in other peo-
ple’s minds. Robert Frost Students

97. Student’'s Reactions to Undergraduate Scieremited by J. Bliss and
Jon Ogborn(Heinemann Educational Books, London, 1877

98. “Students do not think physics is ‘relevant.” What can we do about
it?” H. R. Crane, Am. J. Phys36 (12), 1137-11431968.

.“On the problem of making science attractive for women and Minori-
ties: An annotated bibliography,” J. M. Yarrison-Rice, Am. J. P6&.
(3), 203—-211(1995.

. “Semantics in teaching introductory physics,” H. Thomas Williams,

Am. J. Phys67 (8), 670—680(1999.

77. “A Retrospect on Making and Judging,” iTowards a Theory of
Instruction Jerome BrunefHarvard U. P., Cambridge, MA, 1966op.
163-171.

78. Inside the Black Box: Raising Standards through Classroom Assess—99
ment Paul Black and Dylan Wiliam, School of Education, King's Col-
lege, London(1998.

79. “Examinations: Powerful agents for good or ill in teaching,” E. M. 100
Rogers, Am. J. PhysS37 (10), 954-962(1969.

80. “The real test bias: Influences of testing on teaching and learning,” ;31 “physics students’ epistemologies and views about knowing and learn-

Norman Fredericksen, Am. Psych@0 (3), 193—-202(1984). ing,” W. M. Roth and A. Roychaudhury, J. Res. Sci. Tea8h.(1)
81."On maximizing the information obtained from science examinations, 5—é0(1994) ’ '

written and oral,” John R. Platt, Am. J. Phy29 (2), 111-122(1963). 102. “Professors as physics students: What can they teach us?” S. Tobias

and R. R. Hake, Am. J. Phy56 (9), 786—794(1988.
103.They're Not Dumb, They're Different: Stalking the Second , T#eila

Lectures and lecture demonstrations Tobias(Research Corporation, Tuscon, AZ, 1990

Lectures are of many different types and may serve differ-

ent purposes: from the formal lecture given by a recipient ofsy,gents with disabilities

the Nobel Prize, and popular lectures on physics designed to

entertain as well as to instruct an audience, to interactive The Individuals with Disabilities Education Act of 1990

lectures which actively involve the members of the audience(IDEA) and the Americans with Disabilities Act of 1990

One chooses a style appropriate to the occasion and the alADA) have brought about a growing trend toward

dience. inclusion—educating students with disabilities in the same
setting as their nondisabled peers. Local Offices of Disability

82. "How to address the APS,” Karl K. Darrow, Phys. Tod®# (12, Services can provide information about legal requirements

25-290980. = and liabilities.

83. “Advice to lecturers,” Lewis Elton, Phys. Toda$4 (5), 128 (1982.

84. “Advice to beginning physics speakers,” James C. Garland, Phys.;o4 «Teaching college physics to a blind student,” Michelle Parry, Mark
:!'oday’44 (7), 42—-45(1991. ) ) ) Brazier, and Ephriam Fischbach, Phys. Te@5(8), 470—474(1997.
85.“What's wrong with those talks?” N. David Mermin, Phys. Tod4$ 105 “Teaching astronomy for the blind: Providing a lecture and laboratory
(12), 9-11(1992. experience,” George F. Spagna, Jr., Am. J. P8&.(4), 360—363

These papers provide advice on addressing one’s profes-  (1992. _ o _ _ .
sional peers. 106. Accommoda_tlng mobility-impaired students in physics laboratories,
Ronald M. Frinks, Phys. TeacB1 (8), 536—-537(1983.

107."Acoustics for deaf physics students,” Harry G. Lang, Phys. Tedéh.
(4), 248-249(1981).

108.“Physics labs for the blind,” James Baughman, Jr. and Dean Zollman,

Lecturers preparing graphical material may wish to con-  Phys. Teachl5 (6), 339-342(1977).

sult 109. “A physical science course for the visually impaired,” Bruce Weems,
Phys. Teach15 (6), 333—338(1977.

110. “Teaching physics to the deaf,” Harry G. Lang, Phys. Teath(9),
527-531(1973.

PIRA, The Physics Instructional Resource Association, has developed11. “Testing Students with Disabilities,” K. F. Geisinger and J. F. Carl-

86. Peer Instruction: A User’s ManuaEric Mazur(Prentice Hall, Engle-
wood Cliffs, NJ, 1997. This book discusses interactive lectures for
introductory level courses.

87. The Visual Display of Quantitative Informatipiedward R. Tufte
(Graphics, Cheshire, CT, 1983

a very extensive bibliography of Lecture Demonstrations. son, ERIC Digest ED391984 9&RIC Clearinghouse on Counseling
88.The PIRA Demonstration Bibliography. Online at http:/ and Student Services, Greenshoro,)NC
www.physics.ncsu.edu/pira/ http://www.ed.gov/databases/ERIDigests/ed391984.html
“This Demonstration Bibliography contains about 7500 entries in- 112.“Questions To Ask When Evaluating Tests,” L. M. Rudner, ERIC/AE
cluding all of Sutton, Freier & Anderson, Meiners, Hilton, Am. J. Digest, ED385607 April 94ERIC Clearinghouse on Assessment and

Phys., The Video Encyclopedia of Physics Demonstrations, the  Evaluation, Washington, DC
Minnesota Demonstration Handbook, a few articles from the Phys-113. Nemeth Braille Code for Mathematics and Science Notation.
ics Teacher, and listings of the PIRA 200, PIRA 500, and PIRA http://www.purdue.edu/odos/TAEVIS/Itode.htm
1000 demonstrations.”
89. TAP-L, a list-serve, provides a site for discussion of lecture demon-
stration topics; http://www.physics.ncsu.edu/pira/tap.html Laboratories and laboratory safety

90. Online Physics Demonstration Manuals. A collection of links to many
universities in the U.S.A. on line at The laboratory work should form the backbone of the

http://lwww.physics.ncsu.edu/pira/demosite.html ph_ysics course. The experir_nental Wor!( should f’iim to
91. PSRC Demonstration Resources, An AAPT Resource, online at Dbring clearly before the pupil the PhyS|Ca| meaning of
http:www.psrc-online.org laws and processes, and enable him to organize and ap-
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ply such knowledge. Frontiow to Teach Physig$Rog-  135.“Problems for introductory physics,” H. R. Crane, Phys. Teat871
ers D. Rusk(Lippincott, Philadelphia, 1923 (1969; 8, 182(1969.
136.The Flying Circus of Physics With Answedgarl WalkerWiley, New
114.Lab Focus 93: Current Initiatives in High School and Undergraduate York, 1977.
Physics Laboratorigsedited by R. W. Peterson, K. B. Johnson, and J. 137.Riddles in Your Teacup: Fun with Everyday Scientific Puz2ed ed.

L. HansbergefAAPT, College Park, MD, 1994 P. Ghose and D. Hom@OP, Bristol, 1994.
115. Apparatus for Teaching Physicedited by K. C. MamolaAAPT, ) )

College Park, MD, 1998 Other areas from which “Real Life” problems may be
116.An Introduction to Scientific Research, Revised edjtirBright Wil- drawn include:

son, Jr.(Dover, New York, 1991 A classic volume. 138. Physics of the Body2nd ed., J. R. Cameron, J. G. Skofronick, and R.

117.Teaching Physics Safely: Some Practical Guidelines in Seven Areas of ~ \\ Grant (Medical Physics, Madison, WI, 1989
Common Concern in Physics Classrogmdited by Richard W. Peter-
son(OP-19 AAPT). This project of the AAPT Committee on Appara- and books on sports
tus suggests safety habits for electrical hazards, lasers and light, Preszg The Physics of Gal2nd ed., Theodore P. Jorgeng@pringer-Verlag
surized and vacuum systems, ionizing radiation, fires, toxic materials, New York, 1999. ' '
and mechanical dangers. http://www.springer-ny.com/physics/jorgensen/index.html
140. The Physics of Skiing: Skiing at the Triple Poibt. Lind and S. P.
SandergSpringer-Verlag, New York, 1996
http://www.springer-ny.com/aip/backlist/titles/physics_skiing.html
118. Problem Solving and Comprehensjdth ed., Arthur Whimbey and ~ 141.The Physics of BasebafRobert Kemp Adair, 2nd rev. edHarperCol-

Problem solving and sources for problems

Jack LochheadLawrence Erlbaum, New York, 1999 lins, New York, 1995. _

119. “Using qualitative problem-solving strategies to highlight the role of http://www. harpercollins.com/catalog/redir.aspl?0060950471
conceptual knowledge in solving problems,” W. J. Leonard, R. J. Du- 142. “How would a physicist design a tennis racket?” Howard Brody,
fresne, and J. P. Mestre, Am. J. Ph§d.(12), 1495—-15031996. Phys. Today8 (3), 26-31(1995. ' ' _

120."Understanding and Teaching Important Scientific Thought Processes!43. The Physics of Sportedited by A. Armenti, Jr(American Institute of
Millikan Lecture 1994,” F. Reif, Am. J. Phys$3 (1), 17—32(1995. Physics, College Park, MD, 1982

121. “Comparing problem solving performance of physics students in 144.Newton at the Bat: The Science in Sports, Revised Edigidited by E.

inquiry-based and traditional introductory physics courses,” B. W. Schrier and W. F. AIImar@Scnbner, New York, 19_&7

Thacker, E. Kim, K. Trefz, and S. M. Lea, Am. J. Ph$i& (7), 627— 145.“Resource Letter PS-1: Physics of sports,” C. Frohlich, Am. J. Phys.

633 (1994 54 (7), 590-593(1986.

146. Sport Science: Physical Laws and Optimum PerformariReter J.
In contrast to the traditional “end-of-chapter” problems in Brancazio(Simon & Schuster, New York, 1984

which only information necessary to solve the problem is47- The Dynamics of Sports: Why That's The Way The Ball Bounces
given, there is a growing interest in what have been called ~PaVid - Griffing (Mohegan, Loudenville, OH, 1982
“estimation problems” or "back-of-the envelope problems” por extraterrestrial sources for material for problems, see
or “Fermi questions.” There are some often overlooked4g The Physics of Star Trelawrence M. KrausgBasic Books, New
sources from which ideas for such problems may be obtained vork, 1995.
both at the introductory level and at more advanced levels.149.Beyond Star Trek.awrence M. Kraus¢Harper Perennial, New York,
122. University of Maryland Fermi Problems Site. An extensive collection 1998.

on line at http://www.physics.umd.edu/rgroups/ripe/perg/fermi.html
123.“The Back of the Envelope,” Edward M. Purcell. A series of problems

and solutions which appeared in tAenerican Journal of Physidsom . .
August 1987 through June 1988. History, philosophy, and cultural aspects

124.“Search for Simplicity,” Victor F. Weisskopf. A series of discussions In 1928 in Gottingen, while working with Born, H¥. F.
and examples which appeared in th@erican Journal of Physidsom Weisskopf expressed his fear that the life in science, as
January 1985 through October 1986. it seemed to him, would isolate him from the concerns of

125. “Of atoms, mountains, and stars: A study in qualitative physics,” . ; : . ;
Victor F. Weisskopf, Science87 (4177, 605-612(1975. humanity. But Born calmed him down saying "Stay in

126.The “New Problems” department of themerican Journal of Physics physics. You will see how deeply the new physics is
presents interesting, novel problems for use in undergraduate physics involved with human affairs.” From:Physics and
courses beyond the introductory level. Society—Essays in Honor of Victor Frederick Weisskopf

127. Reconciling Physics with Realjty\. B. Pippard(Cambridge U. P., by the International Community of Physiciseslited by
London, 1972 V. Stefan(AlIP/Springer-Verlag, New York, 1998p. 24.

128. How Things Work: A Collection ofHow Things Work™ Columns
from The Physics Teacher 1988991, H. R. Crane(AAPT, College

Park, MD, 1994. 150.“Special Issue: The Physics Community and the Wider World,” Phys.
129. “Teaching problem solving—A scientific approach,” Frederick Reif, Today52 (3) (1999.
Phys. Teach19 (5), 310-316(1981. 151. American Institute of Physics Center For History of Physics, “A mis-
130. “Teaching problem solving through cooperative grouping, Part 1: sion to preserve and make known the history of modern physics and
Group versus individual problem solving,” P. Heller, R. Keith, and S. allied fields including astronomy, geophysics, optics, and the like.”
Anderson, Am. J. Phys$0 (7), 627—-636(1992. http://www.aip.org/history/
131.“Teaching problem solving through cooperative grouping, Part 2: De-152. The Physicists: The History of a Scientific Community in Modern
signing problems and structuring groups,” P. Heller and M. Holla- America, With a New Preface by the Authbaniel J. KevlegHarvard
baugh, Am. J. Phys60 (7), 637—-644(1992. U. P., Cambridge, MA, 1995

132.“Context Rich Problems: On-line Archive,” University of Minnesota 153. Physics History from AAPT Journaledited by Melba N. Phillips
Physics Education Research Group. http://www.physics.umn.edu/  (American Association of Physics Teachers, College Park, MD, 1985
groups/physed/Research/CRP/on-lineArchive/ola.html 154. History of PhysicsS. P. Weart and M. N. PhillipfAmerican Institute
133.“Response of the Oersted Medallist,” H. Richard Crane, Am. J. Phys. of Physics, College Park, MD, 1985
45 (7), 599-601(1977). The subtitle “The Real World Connection” 155.The Life and Times of Modern Physics: History of Physicedited by
reflects H. R. Crane’s concerns with a number of the fundamental Melba N. Phillips(American Institute of Physics, College Park, MD,

problems of physics teaching. 1992.
134.“Better teaching with better problems,” H. R. Crane, Phys. To@8y  156.“Resource Letter HP-1: History of physics,” Stephen G. Brush, Am. J.
(3), 161(1969. Phys.55 (8), 683-691(1987).
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157. More Things in Heaven and Earth, A Celebration of Physics at the186. “Resource Letter SL-1: Science and literature,” Marjorie Nicholson,

Millennium, edited by Benjamin Beders@APS/Springer-Verlag, New Am. J. Phys33(3), 175-183(1965.
York, 1999. 187.“Resource Letter TLA-1: Technology, literature, and art since World
158.Physics in the 20th Centurg. Suplee, edited by J. S. Rigden and J. R. War I1,” William H. Davenport, Am. J. Phys38 (4), 407-414(1970.
Franz(Abrams, New York, 1999 188.“Resource Letter TLA-2: Technology, literature, and the arts, contem-
159. The Birth of Particle Physicsedited by L. M. Brown and Lillian porary,” William H. Davenport, Am. J. Physi3 (1), 4-8(1975.
HoddesonCambridge U. P., Cambridge, 1983 189. “Resource Letter ColR-1: Collateral reading for physics courses,”
160. Experiment and Theory in PhysjcMax Born (Dover, New York, (Alggg M. Bork and Arnold B. Arons, Am. J. Phys35 (2), 71-78
1956. 1967. , ,
161. Reflections on Experimental Sciendartin L. Perl(World Scientific, ~ 190. Breaking the Science Barrier: How to Explore and Understand the
New York, 1996. SciencesSheila Tobias and Carl T. Tomizuk&ollege Entrance Ex-
162. Physics in Perspectiyéhysics Survey Committee—National Research amination Board, New York, 1992 ]
Council, Vol. 1 (1972, Vol. lIA (1972, Vol. IIB (1973, Vol. IIC 191. Talks to Teachers on Psychology and to Students on Some of Life’s
(1973 (National Academy of Sciences, Washington, )DThis multi- Ideals William James(Dover, New York, 1962

192.Issues in Science Education: Science Competence in a Social and Eco-
logical Context edited by T. Husen and J. P. Keew&&rgamon, New
York, 1991).

volume survey of physics is a major source of information about phys-
ics, and about its interfaces with other sciences and with society in the

era of the .1960 s and 1970's. Secpon; on Phy3|_cs and Educano_n are tf93. National Academy Of Sciences/National Research Council: Resources
be found in Vol. I. Sec. Il, Physics in Education and Education in

8 ' ) for involving scientists in educatiofi.http://www.nas.edu/rise/
i’;gss’lcs, pp. 723805, and in Vol. lIA, Sec. XIll, Education, pp. 1133~ 194. “Science Education Through the Eyes of a Physicist,” T. Schultz

: . ) . . (National Academy Of Sciences/National Research Copuncil
163. thtle.SC|ence, Big Science...And BeypBerek J. Desolla PricéCo- http://www.nas.edu/rise/backg2d.htm
lumbia U. P., New York, 1986

164.Einstein: A Centenary Volumedited by A. P. FrenckHarvard U. P.,

Cambridge, 1979 Physics humor and fun:
165.Who Got Einstein’s OfficeEd RegigAddison-Wesley, Reading, MA, ) ) ) ]
1987. “A little nonsense now and then is relished by the wisest

166. Niels Bohr: A Centenary Volumedited by A. P. French and P. J. men.” American Proverb
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ments:
“The responsibility, then, for training young teachers lies. | believe,
with the subject-matter departments. It is the duty of the older, more
experienced teachers in a department to impress the idea upon the
beginner, by precept, example and friendly counsel, that teaching is a
serious business, requiring careful study; that his obligations to his
students, present and future, require that he should make every effort to
profit by the opportunity to acquire teaching experience under expert
guidance; and that to this end he should strive to adopt teaching meth-
ods best suited to his own personal characteristics, to his students, and
to the subject matter taughtp. 4). “It is frequently remarked that we
American teachers teach far too much in comparison with our Euro-
pean colleagues: that it is better for the student if we expect him to take
some initiative in his reading, studying and thinking. This criticism of
the American method is, | believe, justified; but | do not think that the
criticism applies to our training of college teachers. | do not think we
train them too much! Perhaps we overdo the matter of leaving them to
their own devices”(p. 5.

2 earning, Remembering, Believing: Enhancing Human Performagde

ited by D. Druckman and R. A. Bjork, Committee on Techniques for the
Enhancement of Human Performance, Commission on Behavioral and So-
cial Sciences and Education, National Research CouNaitional Acad-
emy, Washington, DC, 1994 p. 306; http://books.nap.edu/catalog/
2303.html

22Teaching physics: Figuring out what works,” E. F. Redish and R. Stein-

5Renewing the Promise: Research-Intensive Universities and the Nation: A berg, Phys. Toda5 (1), 24—30(1999 and references therein.
Report Prepared by the President’s Council of Advisors on Science and®See, for example, “Institutional Impediments to Effective Training,” in

Technology(U.S. Government Printing Office, Washington, DC, 1092
"The Research University in a Time of Disconestited by J. R. Cole, E.
G. Barber, and S. R. Graubaf@he Johns Hopkins U.P., Baltimore, 1994
8Reinventing Undergraduate Education: A Blueprint for America’s Re-
search UniversitiesThe Boyer Commission on Educating Undergraduates
in the Research University; http://notes.cc.sunysb.edu/Pres/boyer.nsf/
1%pgjavu all over again,” Jules B. LaPidus, Liberal Educa®.(2), 10-15
(Spring 1993.

20The physics community has long recognized that something more is re-

quired.

In a Report by the Educational Committee of the American Physical
Society entitled “The Teaching of Physics: With Especial Reference to the
Teaching of Physics to Students of Engineeririgtesented to the Council
24 February 1922, ordered printed 21 April 192the committee has the
following comment(p. 55:

“Theory of Teaching. This topic has been left to the last, since it is
probable that opinions on it will differ. It is a frequent remark of

experienced teachers of college subjects that the work of new instruc-

tors often suffers from a lack of some elementary knowledge of the

Learning, Remembering, Believing: Enhancing Human Performaede

ited by D. Druckman and R. A. Bjork, Committee on Techniques for the
Enhancement of Human Performance, Commission on Behavioral and So-
cial Sciences and Education, National Research CouNaitional Acad-
emy, Washington, DC, 1994pp. 295-306; http://books.nap.edu/catalog/
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24n a paper entitled “The diameter of the Interndtittp://xxx.lanl.gov/abs/

cond-mat?9907038Albert, Jeong, and Barabasi note that while the num-
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randomly selected Web pages are, on average, 18 hyperlinks or clicks
apart. They predict also that were the number of documents to increase by
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and that if an intelligent robot agent could interpret and follow the relevant
Web links, it could find information much faster than the current genera-
tion of search engines. Progress in producing such autonomous intelligent
agents has been reported in, e.g., “A Personal News Agent that Talks,
Learns and Explains,” D. Billsus and M. Pazzani, Proceedings of the
Third International Conference on Autonomous Ageftgents '99, Se-

attle, 1-5 May 1999 http://www.ics.uci.edu*dbillsus/papers/agents99-

theory and art of teaching. College teachers are supposed to be bornnews.pdf and in “The Daily Learner: An intelligent online newspaper

not made. Each stumbles through the series of mistakes of his prede-
cessors, and at length by experience, discussions, and reading, com®&®nline

that learns and explains,” http://dailylearner.ics.uci.edu/

University Teaching Centers in the USA

to some more or less adequate knowledge of the practical psychology http://eagle.cc.ukans.edu¢te/OtherSites.html

of his profession. Some say that this is the only way of becoming a

competent teacher. But we believe that many broad-minded and ex-

perienced teachers do not subscribe to this view. It is true that writers

Dalhousie University’s Instructional Development and Technology Sites
Worldwide
http://www.dal.cat-oidt/ids.htmI#AN

on the theory of education have usually been concerned chiefly witif®A random sample of such centers and of “Handbooks for TAs” in the
the work of elementary and secondary schools. It may also be true USA can be found at the following URLs.

that the college teacher, because of his superior education and intel-

ligence, stands in less need of formal instruction in methods of teach-
ing. Allowing for these factors, it is, we believe, nevertheless true that

Carnegie Mellon University:
http://www.cmu.edu/provost/teaching/center.html
http://www.cmu.edu/provost/teaching/bestpractices.htm

many experienced teachers could be of service to novices by drawing #REFERENCES

their attention to certain broad principles of instruction on which
practically all college teachers of experience would agree, and to

Massachusetts Institute of Technology:
The Torch or the Firehose: A Guide to Section Teachighur P. Mat-

some mistakes and fallacies into which most beginners fall. There are tuck (19995

psychologists and lecturers on the theory of education in American
colleges who could be of great service in this connection by brief
articles, of not too technical a nature, on the practical psychology of
college teaching. It is, of course, true that little or no attempt has been
made to do this for other subjects of college instruction. But this does
not show that the thing is not in itself desirable and possible. More-
over, since it is generally admitted that physics is an especially diffi-
cult subject to teach, it should be the one for which such aids to
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the way.”
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well, Volume | 18461862 edited by P. M. HarmariCambridge U.P., marked _ _
Cambridge, 1990 p. 428. “Furthermore, we cannot expect the task of science and math _edqcatlon
30 uprogress Report Commission on College Physics,” Am. J. PB<6), to be the sole responsibility d¢f through 12 teachers while scientists
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Sciences—The Seattle Interdisciplinary Conference,” E. Leonard Jossem, really worsened by widespread public science illiteracy.”

COACHING

The longer I'm associated with coaching, the more strongly I'm convinced that coaching is
motivation. Another way of saying it is, coaching is teaching, and | don’t think you can teach
effectively for any length of time unless you can motivate your players to want to learn. In
developing a motivational philosophy, I think there are probably two factors a coach needs tg keep
in mind. First he should be open-minded in terms of willingness to consider new techniques, since
not everyone responds to the same stimuli, and even the best techniques can grow stale through
overuse. Second, he should have the determination to continue to try to “reach” boys and girls
who do not respond to his initial efforts. Many different approaches to motivation are described
and discussed ioaching and Motivationfor the simple reason that the subject requires broad
treatment. There is not single, simple way of motivating everyone, just as there is no single
formula for winning. Many of my own ideas on motivation are included in the present volume but
| am not so vain as to suggest that they will work for everyone. You have to do what you do|best,
and in the best way you can.

Jerry Tarkanian in the Forward ©oaching and Motivation: A Practical Guide to Maximum Athletic Performai¢eE.
Warren(Prentice Hall, Inc., NJ, 1983

There are two kinds of things that teachers must do well. They can set up environments and
situations that are conducive to learning, and they can help students get unstuck. It is difficult to
be more specific.

Frank Oppenheimefeaching and LearningThe AAPT Millikan Lecture, Am. J. Phys. 4112), 1310-13131973.
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