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714-621-8023
Dear Colleagues:

Mathematics as a Humanistic Discipline began modestly, but the concept and the
Humanistic Mathematics Network have grown rapidly. The initial conference of
about thirty has become a network of about four hundred. A network list is
included in this newsletter. The November 12 Southern California regional MAA
meeting included a contributed paper session on Humanistic Mathematics with
six presentations. The January national meeting in Phoenix will have three
contributed paper sessions on Humanistic Mathematics with a total of thirty
presentations. A book Humanistic Mathematics will be published as one of the
MAA Notes.

The Network and Newsletter are arriving at a situation where decisions about
the future should be made. Interested people may be able to gather in Phoenix
to discuss future directions of the Network and Newsletter, At each of the
three contributed paper sessions a time and place for such a gathering will be
announced. If you would like to contribute to the discussion by having your
remarks printed in a future newsletter send your remarks to me (single
spaced). Include your BITNET address if you have one. A steering comittee
will discuss various ideas and suggestions and try to chart the future.

The initial Exxon grant for the newsletter will run out soon. Should the
Network do more than publish the Newsletter? The Network and Cal State
University, Northridge, are sponsoring a workshop February 3, 4, at which
Sherman Stein will lead us in creating non routine problems. Should other
workshops or conferences be part of the Network activities? Should
contributed paper sessions at regional and national meetings be regularly
organized?

The essays that have been printed in the Newsletter have been of high quality.
Many have been reprinted in more established refereed journals. Several have
been mentioned in other jourmals and many requests for copies have came to me.
Should the informal submission and solicitation of essays be continued?

Among the requestors for a copy of an essay was a senior editor from Freeman
and Campany, Publishers. A senior editor from Random House Publishers is very
interested in the Network and Newsletters and would like to encourage authors
of texts and other math bocks to write "humanistically." The Random House
editor sent me scme copies of the Randam House Dictionary, Second Edition
Unabridged as possible prizes for outstanding essays printed in the
Newsletter, or any other use. Suggestions are welcame.

If we pay at least $5 a year dues, the Network can become a constituent
organization of the AAAS. Should we became a Special Interest Group (SIG) of
the MAR if that is possible? Should we charge dues to finance the Newsletter
and other activities? Should we apply to foundations, publishers,
corporations, etc. for funding? Should the Network be guided by a "Mission
Statement" or equivalent?

MEMBER OF THE CLAREMONT COLLEGES



Newsletter #4 will include presentations to the MAA contributed paper
sessions, essays about our future directions, and perhaps other essays which
are contributed. I hope that the time between #3 and #4 will be shorter than
the time between #2 and #3.

Sincerely,

(o \uh A

Alvin White

AWhite @ YMIR.Bitnet

AW /bg
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August 3, 1987 ot

MATHEMATICS
Dear Colleague, 714-621-8023

This newsletter follows a three-day Conference to Examine Mathematics as a
Humanistic Discipline in Claremont 1986 supported by The Exxon Education Foun-
dation, and a special session at the AMS-MAA meeting in San Antonio January 1987. A
common response of the thirty-six mathematicians at the conference was, “I was startled
to see so many who shared my feelings”.

Two related themes that emerged from the conference were 1) teaching mathematics
humanistically, and 2) teaching humanistic mathematics. The first theme sought to place
the student more centrally in the position of inquirer than is generally the case, while at the
same time acknowledging the emotional climate of the activity of learning mathematics.
What students could learn from each other, and how they might better come to understand
mathematics as a meaningful rather than an arbitrary discipline were among the idea of
the first theme.

The second theme was focused less upon the nature of the teaching and learning
environment and more upon the need to reconstruct the curriculum and the discipline of
mathematics itself. The reconstruction would relate mathematical discoveries to personal
courage, relate discovery to verification, mathematics to science, truth to utility, and in
general, to relate mathematics to the culture in which it is embedded.

Humanistic dimensions of mathematics discussed at the conference included:

a) An appreciation of the role of intuition, not only in understanding, but in creating
concepts that appear in their finished versions to be “merely technical”.

An appreciation for the human dimensions that motivate discovery- competition, co-

operation, the urge for holistic pictures.

An understanding of the value judgements implied in the growth of any discipline.

Logic alone never completely accounts for what is investigated, how it is investigated,

and why it is investigated.

There is a need for new teaching, learning formats that will help wean our students

from a view of knowledge as certain, to-be-received.

The opportunity for students to think like a mathematician, including a chance to work

on tasks of low definition, to generate new problems and to participate in controversy

over mathematical issues.
f) Opportunities for faculty to do research on issues relating to teaching, and to be
respected for that area of research.

This newsletter, also supported by Exxon, is part of an effort to fulfill the hopes of the
participants. Others who have heard about the conferences have enthusiastically joined
the effort. The newsletter will help create a network of mathematicians and others who
are interested in sharing their ideas and experiences related to the conference themes. The
network will be a community of support extending over many campuses that will end the
isolation that individuals may feel. There are lots of good ideas, lots of experimentation,
and lots of frustration because of isolation and lack of support. In addition to informally
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sharing bibliographic references, syllabi, accounts of successes and failures, . . ., the
network might formally support writing, team-teaching, exchanges, conferences, . . .
Please send references, essays, half-baked ideas, proposals, suggestions, and whatever
you think appropriate for this quarterly newsletter. Also send names of colleagues who
should be added to the mailing list. All mail should be added to the mailing list. All mail
should be addressed to
Alvin White
Department of Mathematics
Harvey Mudd College
Claremont, CA 91711
This issue contains some papers and excerpts of papers that were presented at the
conferences.
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Alphabetical

Corrections and additions

Linc Fisch
3309Bellefonte Drive
Lexington,KY 40502

Wayne Yuhasz,Senior Editor
Random House,Inc.

218 SSRGS TE .

Cambridge ,MA02142

Bill Berlinghoff (moved to)
Colby College
04901

(moved to)

Ed Dubinsky
Purdue Univ.
47907

Paul Jason
Exxon Education Foudation
PO BOX101,

Florham Park,NJ 07932

Jack V. Walesy Jdr.
THE THACHBRR SCHOOL
5025 THACHFR ROAD
0JAI, CA 93023

NETWORK MEMBERSHIP LIST

Greg Turner
Pitzer College
Claremont CA 91711

Kay Hudspeth

Minority Engineering
Cal State Polytech
Pomona, CA 91768

Program
Univ.




Avital, Schmuel , Dept of Ed in Tech&Sciences, Technion—Israel, Institute of Tech, 32000, Haifa ISRAEL

Aissen, Michael , Department of Math & Comp Sci, Rutgers University, Newark , NJ 07102 .
Alder, Henry L , Department of Mathematics, University of California, Davis, CA 95616 -
Alexanderson, Prof Gerald , Mathematics Department, Santa Clara University, Santa Clara, CA 95053

Allan, George , Mathematics Department—P.0O. Box 969, Lambton College, Sarnia Ontario, N7T 7K4 CANADA
Andrews, Frank , NS-11, UCSC, Santa Cruz, CA 95064

Areid, Dr. Maria , Borough of Manhattan Community College, 199 Chambers Street—Mathematics Dept, New York, NY 10007
August, John , Mathematics / Computer Science, Mt. St. Mary's College, Emmitsburg, MD 21727

Avpara, Pasquale J. , Math/CSC, St. John Fisher College, Rochester, NY 14618

O.B.E., Prof A.C. Bajpai , CAMET, Univ of Technology, Loughborough, Leicestershire, LE11 3TU UNITED KINGDOM
Barnier, Professor W. , Department of Math, Sonoma State University, Rohnert Park, CA 94928

Bartlow, Thomas L. , Dept of Math. Sci., Villanova University, Villanova, PA 19085

Basmajian, Ara , , 4 Ridge Dr. W., Roslyn, NY 11576

Basor, Prof Estelle , Mathematics, Cal State Polytech Univ, San Luis Obispo, CA 93407

Beane, Donald G. , The College of Wooster, , Wooster, OH 44691

Beckmann, Charlene , Western Michigan University, , Kalamazoo, M| 49009

Beckner, Mort , Pomona College, 132 W. 12th Street, Claremont, CA 91711

Benton, Sr. Eileen , Mathematics Department, Xavier University, New Orleans, LA 70125

Beougher, Elton , Math and CS, Fort Hays St. Univ., 600 Park Street, Hays, KS 67601

Berglund, John , Mathematics Department, Virgina Commonwealth University, Richmond, VA 23284

Berlinghoff, Bill , Department of Mathematics, Southern Conn. State University, New Haven, CT 06515
Berzsenyi, George , , 2040 Chevy Chase, Beaumont, TX 77706

Biggerstaff, Margaret , Coord. EQUALS, 116 Univ Press Bldg, 2037 University Ave., S.E., Minneapolis, MN 55414
Bishop, Dr. Allan , Department of Education, 17 Trumpington Street, Cambridge, CB2 1QA UNITED KINGDOM
Bolstad, Peder , A2-300 Marathon Ct, Coquitlam, British Columbia, V3K 423 CANADA

Bolstad, Peder , Mathematics Department, St. Olaf College, Northfield, MN 55057

Bonnice, Prof W , Mathematics—Kingsbury Hall, University of New Hampshire, Durham, NH 03824

Bonsangue, Martin , CSUF, 17432 Walnut Street, Yorba Linda, CA 92686

Borasi, Raffaella , Univ of Rochester—-Grad School of Educ, 417 Lattimore Street, Rochester, NY 14627

Brabenec, Robert , Dept of Math/CS, Wheaton College, Wheaton, IL 60187

Branka, Prof. Nick , Math Sciences, San Diego State University, San Diego, CA 92102

Briginshaw, Anthony , Dept of Math, City Univ—Centre for Math Education, London, ECIV OHB UNITED KINGDOM
Browder, Felix , Dean of Faculty, Rutgers University, New Brunswick, NJ 08903

Browder, Prof Felix , Mathematics—University of Chicago, 5734 University Ave, Chicago, IL 60637

Browder, Prof William , Fine Hall-Princeton University, Washington Road, Princeton, NJ 08544

Brown, Michael L. , Simmons College, 300 The Fenway, Boston, MA 02115-5898

Brown, Gary , College of St. Benedict, , St. Joseph, MN 56374

Brown, Steve , SUNY at Buffalo, 431 Baldy Hall, Amherst, NY 14260

Brubaker, Marvin , Messiah College, , Grantham, PA 17027

Buck, R.C. , , 3601 Simset Drove, Madison, WI 53706

Buerk, Prof Dorothy , Mathematics Department, Ithaca College, Ithaca, NY 14850

Burkam, David T. , Department of Mathematics, The University of Michigan, Ann Arbor, Ml 48104

Bushaw, Donald , Washington State University, , Pullman, WA 99164

C.S.B., John Poluikis , Math & Comp Science, St. John Fisher College, Rochester, NY 14618

Calloway, J.M. , Kalamazoo College, , Kalamazoo, M| 49007

Camp, Jim , Odessa College, 201 W. University, Odessa, TX 79762

Campbell, Paul , Mathematics Department, Beloit College, Beloit, Wl 53511

Cannon, Jo , Baylor University, , Waco, TX 76798

Cantrell, David W. , 3411 6th Street, , Tuscaloosa, AL 35401

Chaffer, Robert A. , Mathematics Department, Central Michigan University, Mt Pleasant, M| 48859

Chamberlain, RW. , , 465 Punahou St., Altadena, CA 91001

Chan, Jean B. , Department of Mathematics , Sonoma State University, Rohnert Park, CA 94928

Chell, Cara , 1632 Van Hise, 1220 Linden-Univ of Wisconsin, Madison, WI 53706

Cipra, Barry A. , , 305 Oxford Street, Northfield, MN 55057

Claxton, Charles , Center for the Study of Higher Ed, Memphis State University, Memphis, TN 38152

Cohen, Prof David , Mathematics Department, Smith College, Northhampton, MA 01063

Connolly, Bob , Webb School, , Claremont, CA 91711

Connolly, Sylvia , Webb School, , Claremont, CA 91711

Cook, Don , Darton College, Univ. System of Georgia, 2400 Gillionville Road, Albany, GA 31707

Cooke, Roger , Department of Mathematics, University of Vermont, Burlington, VT 05405




" Copes, Larry , ISEM, 10424 Barnes Way, St Paul, MN 55075

Costello, Patrick , Math, Stat, CSC Department, Eastern Kentucky University, Richmond, KY 40475
" _ Countryman, Joan C. , 433 West Stafford Street, , Philadelphia, PA 19144

Cox, Milt , Miami University, , Oxford, OH 45056
Cox, Sherry , 813 Fairmont Avenue, , Kingsport, TN 37660
Crawford, W.S.H. , Box 1050, Sackville, N.B., EOA 3C0 CANADA
Crawford, Celia , Mathematics Department, Howard University, Washinton, DC 20059
Curnutt, Larry , Mathematics Department, Bellevue CC, Bellevue, WA 98007
Dahler, Jim , , 1175 W. Baseline Rd., Claremont, CA 91711
Dale, Kip , , 8216 Mill Station, Sebastopol, CA 95472
D'Ambrosia, Professor Ubirtan , Pro Reitor de Desenvolvimento Univ, Univ Estadual Campinas, Caixa Posta 1170, Campinas, 131
Dance, Rosalie , 7406 Jackson Avenue, , Takoma Park, MD 20912
Davis, Philip J. , Applied Math, Brown University, Providence, Rl 02912
Davis, Prof Robert B , 603 W Michigan, University of lllinois, Urbana, IL 61801
DeMarois, Phil , Math, National College of Education, Evanston, IL 60201
DeVito, Professor Maria T. , Borough of Manhattan Community College, 199 Chambers St., New York, NY 10007
Deal, Duane E. , Dept of Mathematical Sciences, Ball State University, Muncie, IN 47306
Decner, Bob , University of Hartford, , West Hartford, CT 06117
Dembart, Lee , Los Angeles Times, , Los Angeles, CA 90053
Dennis, Vivan , Eastfield College Dept of Math, 3737 Motley Drive , Mesquite, TX 75150
Dimitroff, George , Mathematics, The Evergreen State College, Olympia, WA 98505
Dollins, A. , Mathematics Department, The Pennsylvania State University, McKees Port, PA 15132
Dreyfus, Prof Hubert , Philosoply, University of California, Berkeley, CA 94720
Dreyfus, Prof Stuart , Computer Science, University of California, Berkeley, CA 94720
Dubinsky, Ed , Math/CS Department, Clarkson University, Potsdam, NY 13676
Dunham, Bill , 100 Mathematics Building, 231 West 18th Avenue, Columbus, OH 43210-1174
Earles, Bob , Department of Math & Stat, St. Cloud State University, St. Cloud, MN 56301
Eden, Glen , 3744 W. Avenue J-14, , Lancaster, CA 93536
Edwards, Harriet , , 1100 N. Lemon St. #1J7, Fullerton, CA 92632
Edwards, Harriet , 729 Everett Street, , El Cerrito, CA 94530
Enneking, Marjorie , Department of Mathematical Sciences, Portland State University, Portland, OR 97207
Epp, Susanna , DePaul University Math Dept, 2323 No Seminary, Chicago, IL 60614
Evans, James R. , Department of Quantitative Analysis, Univeristy of Cincinnati, Cincinnati, OH 45221
Computing, Jeff Evans—School of Maths, Stats, , Middlesex Polytechnic, Queensway, Enfield, Middx, UNITED KINGDOM
Falciener, Etta , , Spelman College, Atlanta, GA 30314
Faires, Barbara T. , Chair Dep. of Mathematics and CS, Westminister College, Ne, PA 16172-0001
Farris, Steve , 2709 Moore Road, , Muncie, IN 47306
Fasanelli, Florence D. , National Science Foundation, 1800 G Street NW, Washington, DC 20550
Fauvel, John , Dep. of Mathematics, The Open University, Walton Hall, Milton Keynes, MK7 6AA UNITED KINGDOM
Fergrison, David L. , Dept of Technology & Society, College of Eng & Ap Sci, SUNY, Stony Brook, NY 11794
Ferrar, Joseph , 100 Mathematics Building, 231 West 18th Avenue, Columbus, OH 43210-1174
Fife, James H. , Dept of Math & CS, University of Richmond, Richmond, VA 23173
Fink, John , Mathematics Department, Kalamazoo College, Kalamazoo, M| 49007
Fischer, Mag Dr Roland , Universitat fir Bildungwisseuschaften, Universtatsstrasse 65-67, Klagenfurt, A-9010 AUSTRIA
Fjelstad, Paul , 32991 Dresden Avenue, , Northfield, MN 55057
Flaspohler, David , Department of Mathematics, Xavier University, Cincinnati, OH 45207
Flesner, David , Gettysburg College, , Gettysburg, PA 17325
Flinn, Timothy L. , Mathematics Department, Tarleton State University, Stephenville, TX 76402
Floran, Don , 2301 19th Ct NW, , Olympia, WA 98502
Flusser, Peter , KS Wesleyan College Dept of Math, 100 E. Claflin St, Salina, KS 67401-4099
Foley, Greg , 194 Melbourne Place, , Worthington16172-0001—PA—Faires, Barbara T. —Chair Dep. of Mathematics and CS—W
Foley, Gregory D. , 249 Arps Hall, Ohio State University, Columbus, OH 43210
Forman, Susan , 110 Bank St. #4D, , New York, NY 10014
Fredine, Susan , Mathematics Department, Xavier University, New Orleans, LA 70125
Friedman, Prof Stuart , Mathematics, Cal State Polytech Univ, Pomona, CA 91768
Gaffner, Matthew , , Univerty of Massachusetts at Boston, Boston, MA 02125
Gale, Barbara R. , 7812 Lusby's Turn, , Brandywine, MD 20613
Galovich, Jennifer , Mathematics Department, St. John's University, Collegeville, MN 56321
Gardiner, Professor Anthony , Dept of Mathematics, PO Box 363-University of Birmingham, Birmingham, B15 2TT UNITED Kit
Geller, Sue , Department of Mathematics, Rutgers University, New Brunswick, NJ 08903




Gering, Alan D. , , 1612 Austin Way, Santa Rosa, CA 95404

Gilbert, Robert P. , Department of Math Sciences, University of Deleware, Newark, DE 19716

Gilman, Gloria F. , , 9155 N. 70th Street, Milwaukee, W1 53223

Gilmer, Gloria , Int Study Group on Ethnomathematics, 2001 W. Uliet Street, Milwaukee, WI 53205

Gingrich, Ross , Department of Mathematics, Southern Connecticut State University, New Haven, CT 06515

Goal, Lisl , Mathematics Department, University of Minnesota, Minneapolis, MN 55455

Gold, Bonnie , Mathematics Department, Wabash College, Crawfordsville, IN 47933

Goldberg, Dr Samuel , Program Officer-Alfred P Sloan Foundation, 630 Fifth Avenue, New York, NY 10111

Goldberg, Georgine , English Division, Green River C.C., Auburn, WA 98002

Gorfin, Alan , Department of Mathematics, Western New England College, Springfield, MA 01119

Gorini, Catherine , Math Department, Maharishi Intl Univ., Fairfield, IA 52556

Gosser, Richard A. , Mathematics, Saint Vincent College, Latrobe, PA 15650-2690

Grant, Hardy , York University—Mathematics Dept, North York, Ontario, M3J 1P3 CANADA

Grant, Kerry E. , Department of Mathematics, Southern Conn. State University, New Haven, CT 06515

Gray, Jack—P.0. Box 1, School of Mathematics, The University of New South Wales, Kensington, New South Wales, 2033 AUS
Growvey, JoAnne , Bloomsburg University, , Bloomsburg, PA 17815

Gupta, Madan L. , , P.O. Box 368, Norwalk, CA 90651

Haag, Vincent , Franklin and Marshall College, , Lancaster, PA 17604

Habib, Berthe , Mathematics Department, Bellevue CC, Bellevue, WA 98007

Hahn, S.W. , California Lutheran University, 3239 Regent #1, Thousand Oaks, CA 91360

Hall, James E. , Dept of Math & CS, Box 23, Westminster College, New Wilmington, PA 16172
Halmos, Prof Paul , Mathematics Department, Santa Clara University, Santa Clara, CA 95053
Hampton, Charles R. , The College of Wooster, , Wooster, OH 44691

Hanes, Hal , Mathematics, Earlham College, Richmond, IN 47374

Harrison, Mrs. Carol , Susquehanna University, , Selinsgrove, PA 17870

Hartman, Jim , The College of Wooster, , Wooster, OH 44691

Hawkins, William (Tony) , , University of D.C., Washington, DC 20008

Hayes, C. , Math-Mobile College, P.O. Box 13220, Mobile, AL 36613

Heller, Robert , P.O. Drawer MA Dept of Math, Mississippi State University, Mississippi State, MS 39762
Helling, Bobbie , TLC, St. Olaf College, Northfield, MN 55057

Helling, Prof Barbara , Behavioral Science, St Olaf College, Northfield, MN 55057

Helson, Henry , Mathematics, Univ of California Berkeley, Berkeley, CA 94720

Henderson, Prof David , Mathematics Department, Cornell University, Ithaca, NY 14853

Henle, Prof James , Mathematics Department, Smith College, Northhampton, MA 01063

Hersh, Reuben , 1423 Bryn Mawr NE, , Albuquerque, NM 87106

Hillel, Joel , Department of Math—Concordia Univ, 7141 Sherbrooke Street W., Montreal, H4B 1R6 CANADA
Hill, Prof Shirley A , Department of Mathematics, University of Missouri, Kansas City, MO 64110
Hill, Provost Patrick , The Evergreen State College, , Olympia, WA 98505

Hithnama, Dennis , Bloomsburg State University, , Bloomsburg, PA 17815

Hoffman, Prof Kenneth , Department of Mathematics, MIT, Cambridge, MA 02139

Hollander, Rachelle , National Science Foundation, 1800 G Street NW, Washington, DC 20550
Hooper, Beth , Math Chair, Gloden West College, Huntington Beach, CA 92646

Hooper, Beth , Math Chair, Gloden West College, Huntington Beach, CA 92646

Hooper, Beth , Math Chair, Golden West College, Huntington Beach, CA 92946

Hornig, Dr Leslie E , Office of Science and Technol Educ-AAAS, 1333 H Street NW, Washington, DC 20005
Hughes, Barnabas , Department of Secondary Education, California State University, Northridge, CA 91330
litis, Richard , , Willamette University, Salem, OR 97301

Ingram, Steven K. , Division of Mathematics and Sciences, Norwich University, Northfield, VT 05663
Ipifia, Lynne , University of Wyoming, , Laramie, WY 82071

Isaacson, Eli , University of Wyoming, , Laramie, WY 82071

Isles, Prof David , Mathematics Department, Tufts University, Medford, MA 02155

Iverson, Alice , North Park College, 5125 N Spaulding Avenue, Chicago, IL 60625

Jacobs, Harold , 12612 Addison Street, , North Hollywood, CA 91607

Jensen, Major David W., , USAF Academy, Colorado Springs, CO 80840-5701

Jepsen, Charles , Mathematics Department, Grinnell College, Grinnell, 1A 50112

Johnson, Art , Nashua Senior Hich School, , Nashua, NH 03062

Johnson, Dr Richard , Exxon Educational Foundation, PO Box 101, Florham Park, NJ 07932
Johnson, Roy A. , Department of Mathematics, Washinton State University, Pullman, WA 99164
Johnston, Lonna , , 910 Pomona Ct., Claremont, CA 91711

Jones, Charles V. , Dept of Mathematical Sciences, Ball State University, Muncie, IN 47306




Jones, Eleanor G. , , Norfolk State University, Norfolk, VA 23504

Jones, Prof Charles V , Dept of Mathematical Sciences, Ball State University, Muncie, IN 47306

Jordan, Jim , Math Department, Cal State Fullerton, Fullerton, CA 92634

Joseph, James A | Council on Foundations, 1828 L Street NW, Washington, DC 20036

Jr, Prof John A Easley, , Mathematics Education, Univerisity of lllinois, Urbana, IL 61801

Jr., Herbert Elliott, , Nazareth College of Rochester, 4245 East Avenue, Rochester, NY 14610

Jr., Jack V. Wales, , The Thacher School, 5202 Thacher Rd., Ojai, CA 93023

Kalman, Dr Dan , The Aerospace Corp—Mail Stop M1/102, PO Box 92957, Los Angeles, CA 90009
Kappe, Luise-Charlotte , Department of Math Sciences, SUNY at Binghamton, Binghamton, NY 13901
Kasimatis, Elaine , Mathematics, CSUS, Sacramento, CA 95816

Kass, Prof Seymour , 118 York Terrace, , Brookline, MA 02146

Katz, Kaila , Department of Math & Comp Science, Montclair State College, Upper Montclair, NJ 07043
Katz, Victor J. , Univ of D.C., Math Department, 4200 Connecticut Ave NW, Washington, DC 20008
Kearns, Tom , Department of Math Sciences, Northern Kentucky University, Highland Heights, KY 41076
Kellitt, John , Mathematics Department, Gettysburg College, Gettysburg, PA 17325

Kelly, Jim , Post Office Box 5723, , Walnut Creek, CA 94596

Kemp, Professor Dan , Department of Mathematics, South Dakota State University Box 2220, Brookings, SD 57007-1297
Kenschaft, Pat , Department of Math & Comp Science, Montclair State College, Upper Montclair, NJ 07043
Kertzner, Stanley , Mathematics Department, Hofstra University, Hempstead, NY 11550

Kessel, Catherine , Department of Mathematics, College of Charleston, Charleston, SC 29424

Kessel, Catherine , Mathematics Department, College of Charleston, Charleston, SC 29401

Kilpatrick, Jeremy , 105 Aderhold, University of Georgia, Athens, GA 30602

King, John R. , Mathematics, Providence College, Providence, RI 02918

King, Stephen C. , Math-Univ of South Carolina, 171 University Parkway, Aiken, SC 29801

Kitcher, Philip , Philosophy, University of Minnesota, Minneapolis, MN 55455

Kleiner, Israel , York University—Mathematics Dept, North York, Ontario, M3J 1P3 CANADA
Klopfenstein, Prof. Ken , Mathematics Department, Colorado State University, Fort Collins, CO 80523
Knoebel, Arthur , Mathematics Department, New Mexico State University, Las Cruces, NM 88003
Knop, Larry , Department of Math, Hamilton College, Clinton, NY 13323

Konhauser, Joe , Mathematics Department, Macalester College, St. Paul, MN 55105

Kozelka, Bob , Williams College, , Williamstown, MA 01267

Kreith, Kurt , Mathematics Department, University of California, Davis, CA 95616

Krinsky, Eunice , Department of Mathematics, CSUDH, Carson, CA 90747

LaDuke, Jeanne , DePaul University Math Department, 2323 No Seminary , Chicago, IL 60614

LaNoue, Patricia , 2433 Pickwick Road, , Baltimore, MD 21207

Landau, Henry J. , AT&T Bell Labs 2C-375, , Murray Hill, NJ 07974

Lang, Melvin , Department of Mathematics, Walla Walla College, College Place, WA 99324

Langton, Stacy G. , Universtiy of San Diego, , San Diego, CA 92110

Lanier, Perry , Teacher Ed, Michigan State University, E Lansing, M| 48824

Larner, Dean Daniel , Fairhaven College, Western Washington University, Bellingham, WA 98225

Larson, Larry , Math Division, Green River Comm College, Auburn, WA 98002

Laverell, W. David , Mathematics Department, Calvin College, Grand Rapids, M| 49508

Lax, Anneli , CIMS, 251 Mercer Street, New York, NY 10012

Leitzel, Jim , 100 Mathematics Building, 231 West 18th Avenue, Columbus, OH 43210-1174

Leipnik, R. , Mathematics Department, UCSB, 6507 South Hall, Santa Barbara, CA 93106

Leisenring, Albert C , Mathematics, The Evergreen State College, Olympia, WA 98505

Leitzel, James R.C. , Department of Mathematics, Ohio State University, Columbus, OH 43210

Lettvin, Prof Jerome , Department of Biology, MIT, Cambridge, MA 02139

Lewand, Robert , Department of Mathematics, Goucher College, Towson, MD 21204

Lewin, JoAnn , Mathematics Department, Lakefront, University of New Orleans, New Orleans, LA 70148
Li, Hsiu-Hsiang , Mathematics Department, Purdue University, Calumet, Hammond, IN 46323

Lindquist, Jack , President, Goddard College, Plainfield, VT 05667

Lochhead, Prof Jack , Cognitive Development Group, U of M—Hasbrouck Laboratery, Amherst, MA 01003
Loeb, Prof Arthur , Capenter Center, Harvard University, Cambridge, MA 02138
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A Humanistic Academic Environment for Learning Undergraduate Mathematics

Teachers of undergraduate mathematics work under conflicting
professional responsibilities. In strong Ph.D. granting mathematics
departments undergraduate enrollment in mathematics forms the major support
for graduate students as well as the regular mathematics faculty. At these
universtities much undergraduate mathematics is taught by graduate
assistants who have their primary obligation to their graduate studies and
research. Most regular mathematics faculty at these universities have no
interest in teaching undergraduate mathematics. (It is rare for
undergraduates to understand or to participate in the research of their
mathematics teachers.). If regular mathematics faculty teach undergraduate
mathematics, the lecture method is used most often with very large classes
so that the lecturers have almost no knowledge of the hopes, anxiety, or
growth in mathematical maturity of their students. Mathematics faculty at
these universities expect a large number of their best graduate students to
be foreign students and very few will be selected from the undergraduates
they teach at their own university. Research grants and fellowships are
sought in order to relieve a faculty member from teaching, and in
particular undergraduate teaching.

In group M and B Departments (Departments granting a Master's or
Bachelor's degree as the highest degree) the teaching loads, support for
graduate students and research imply that the primary responsibility for
the mathematics faculty is to teach undergraduate mathematics. However,
research publications compose an important part of the qualifications for
tenure and promotion, although the academic c¢limate for high quality
research is not very favorable at these colleges and universities.

One estimate dis that more than 507 of the current enrollment in
mathematics courses at public four-year colleges is for remedial courses,
and pre-calculus courses. Also on average fewer than 107 of undergraduate
credits in the mathematical sciences are in post-calculus level courses.
Often students are assigned to remedial and pre-calculus courses by
placement examinations which may not correlate very well with the
preparation and ability of students to learn college mathematics, but may
correlate with the academic environment for learning  undergraduate
mathematics at a particular college or university. In general, students do
not enjoy studying these courses and teachers do not enjoy teaching them.
Frequently, part-time teachers are employed to teach these courses.
Perhaps the failure rate in regular calculus courses is an indication of an
unfavorable academic environment for learning undergraduate mathematics, as
well as the lack of effectiveness in teaching remedial and pre-calculus
courses in such an environment.

In large group M and B Departments with few mathematics majors many
regular faculty members may have an opportunity very rarely to teach a
post-calculus course for mathematics majors. Some faculty members believe
that only those students who have the ability to continue their studies in
mathematics to the graduate level and to become research mathematicians
should be encouraged to major in pmathematics. Since research in
mathematics is very competitive, mathematics majors should be limited to an
elite class of geniuses, and a particular college or university may have




very few or no members of this class. Thus many mathematics faculty
members are encouraged to process students through undergraduate
mathematics courses for supply departments and/or general college
mathematics course requirements, and this processing helps to establish
an unfavorable academic environment for learning undergraduate mathematics.

At two-year technical colleges and community colleges most of current
enrollment in mathematics courses is for remedial courses and pre-calculus
courses. Very limited or no opportunity is provided for many faculty
members at these colleges to teach across the mathematics curriculum and
rarely is there provided a humanistic academic environment for learning
undergraduate mathematics.

Some talented and dedicated teachers at each type of school described
above are able to obtain some good results in teaching students
undergraduate mathematics. However, the writer contends that most students
study undergraduate mathematics din academic environments which are
dehumanizing for both students and teachers. Too many future elementary
and secondary school teachers study mathematics in such environments. It
is dimportant for mathematicians and mathematics educators to discuss such
things as the content of the calculus course and how calculus is taught,
concrete vs. abstract in mathematics education, as well as the role of
problem-solving. The writer challenges chairs of Mathematics Departments
and other responsible academic administrative officers to provide a
humanistic academic environment for learning undergraduate mathematics. If
this can be done, the lay public may view mathematics more favorably, and
give mathematics education and research in mathematics more support.

During the past 20 years, the Mathematics faculty at SUNY Potsdam has
made a determined effort to establish a humanistic academic environment for
learning undergraduate mathematics, and some unfavorable national trends in
mathematics education have been reversed. Our average number of bachelor's
in mathematics during the last three years is 193 and the average percent
is 247 while the national average is about 1Z. The gender imbalance in
mathematics seen nationally is not a factor at Potsdam College. A little
more than 547 of our college graduates during the last 18 years have been
women and little more than 557 of our Bachelor's in mathematics have been
women during the same period. At SUNY Potsdam the completion of
mathematics as a major is gender independent.

Most students enroll in mathematics courses on a voluntary basis and
not as a requirement for a major or minor in some other subject. Our
college has no mathematics requirement as a condition for graduation. For
example, one year with a freshman class of less than 1000 students, more
than 600 students enrolled in beginning calculus. No more than 100 of
these students came from supply departments. The dissue of teaching
algorithms vs. teaching thinking or concrete vs. abstract in mathematics
education is not a problem at Potsdam College. Students consider the study
of mathematics as an important part of a liberal arts education and mnot
necessarily as a way of making a living using mathematics primarily. For
example, some bachelor's in mathematics in the class of 1987 completed a
second major in the following subjects: Anthropology, Biology, Chemistry,
Computer and Information Sciences, Education, Economics, English, French,
Geology, History, Political Science, Psychology and Physics. Also, they
completed minors in the following subjects: American Politics, Business




Economics, Business of Music, Directing, and Health Science.

The number of bachelor's in mathematics who entered Potsdam College
with high school averages of 90 and above increased more than 9 times
during the past 18 years. In our graduating class of 1987 more than 407 of
the students who graduated summa cum laude or magna cum laude were
bachelor's din mathematics. More than 507 of our undergraduate credits in
mathematics are in post-calculus courses, while the national average is
less than 10%. We have good cooperation from supply departments, our
bachelor's in mathematics choose many different career options, and they
are repeatedly hired by the same company or government agency as industrial
mathematicians. They make many professional choices for graduate study.

A brief outline of the steps we took to establish our academic
environment is given below.

Entering freshmen students with high school averages in mathematics of
90 and above, quantitative SAT scores of 550 and above, good general high
school averages and aptitude test scores are invited to elect our honors
calculus course during the fall semester of their freshman year without
regard to their intended major in college. Each student is sent a personal
letter of invitation. We make clear to students invited that they will
not be penalized by the grades they will receive as a result of electing
the honors calculus course rather than the regular calculus course. We
explain that all students enrolled in calculus will be given the same final
examination. Also, the teachers who teach an honors calculus section teach

a regular calculus section and are well able to compare the achievement of
students in different calculus sections.

From an entering freshman class of 1,000 students or less, we usually
invite about 130 to 150 students. A little more than one-half of the
students invited elect the honors calculus section. In the fall of each
year, we usually offer two sections of honors calculus with an enrollment
of 35 to 45 students. Some of the students invited who do not elect the
honors calculus course do elect the regular calculus course. Many of our
best mathematics majors complete our honors calculus course, although our
mathematics faculty mnever discussed or made any particular effort to
increase the number of mathematics majors.

We established in 1970 a BA/MA program in which able students can
complete both the bachelor's and master's degrees in four years without
attending summer school. Some of our most able students with advanced
placement credit in calculus complete our courses in Linear Algebra I and
Set Theory and Logic during the first semester of their freshman year.
Students who do well in these courses are invited to apply for admission to
our BA/MA program. We believe that a long period of preparation is not
necessary in order to be successful in advanced courses in mathematics.

We do not give placement mathematics examinations in order to assign
students to mathematics courses.

The Honors Calculus courses and our BA/MA Program give us an
opportunity to recognize early our entering students, as well as their high
school teachers, for their excellent academic achievement as high school
students. We wuse our love and respect for the students we invite to lead




them to an enjoyment of the study of mathematics, to understand the meaning
of a mathematical proof and respect for a mathematical proof, to learn how
to learn mathematics, to develop the ability to read a mathematics textbook
for pure enjoyment, and to study indpendently. These students serve as
role models to help us provide an intellectual climate where the
mathematical potential of all students who elect to take mathematics
courses in the Department can be identified and nurtured. Some of these
students tutor in our mathematics lab and provide leadership in our large
chapter of Pi Mu Epsilon. An opportunity to teach students in our BA/MA
Program aids faculty members to teach mathematics courses close to their
research interest.

Faculty members choose the teaching methods which have been most
effective in maximizing the development of the mathematical potential of
their students. While some teachers wuse the lecture method as their
primary teaching method, others use many different methods of teaching
which include the active learning method. Each teacher has an opportunity
to teach across the mathematics curriculum. Every effort is made to
provide the most favorable working conditions possible for faculty members
so that they can maximize their teaching effectiveness and professional

growth.

The writer helped to develop a similar humanistic academic environment
for learning undergraduate mathematics during the 15 years he served as
chair of the Mathematics Department at Morgan State University, Baltimore,
Maryland with similar success in the achievement of students in
mathematics. Therefore, the writer conjectures that similar environments
can be established in many colleges and universities. If such environments
are established, perhaps over time, most of the lay public will no longer
regard mathematics as its most hated and feared subject.
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Increasing Learning by Decreasing Math Anxiety

Gregg Turner, Pitzer College

Not long ago, teaching a remedial pre-(very pre) Calculus
sequence at a small liberal arts college, I encountered what has
to be one of the more bizarre manifestations of math freak-out.
An unusually articulate student, engaged and attentive throughout
the first few weeks of the semester, soon appeared withdrawn and
tense. Suddenly overcome with newfound nervous energy, she con-
tinuously played with her hair and seemed distracted and unfocused.
Review of circular functions and periodic behavior apparently over-
loaded already sensitized math neurotransmitters upstairs ("why
tangent repeats every 7 while sine and cosine do it every 2m just
blows me away!"). In some weird dehydrated frenzy, she began to consume
copious quantities of "grape juice" (later verified true: g.j. it was)
from a large thermos brought to class with text and notes. This soon
evolved into a well-defined ritual and (from my end) the visual fixture
of a front-row student feverishly washing down blackboard notes
with cold juice proved somewhat disarming. My curiosity gquickly
peaked and following one particulanly, how should we put it, thirsty
afternoon, I asked if there might be some physiological problem.
"No," she mused almost wistfully. "It's just my way of coping. What
you people like to call math anxiety, y'know? The, uhm, juice --
it calms me down."
This pronouncement of the situation - was it the resolution
or signation with which verdict and treatment were offered? -
echoed for some time in my mind. The whole thing seemed so in-
credible. Still, dysfunctional stress disorders of any shape or form
can be quite debilitating and often require serious attention.
Obsessive-compulsive rituals are commonly maladaptive endpoints to
sensory stress overload. Why, then, should a phobic reaction to
mathematics, a learned behavior like any other, be different?
While the above true tale depicts (maybe) an extreme-value,
if you will, of radical math trauma, it nonetheless motivates an
important question. To what extent does such learned behavior in-
fluence and impair the process of learning the subject matter? Often
we ascribe poor conceptual skills and low aptitude scores on exams
to weakly rehearsed fundamentals and inferior mechanical training at
the primary and secondary school level. To no uncertain degree
this is a contituent part of the problem. But somewhere into this
equation how do we factor the more intangible, not easily quantified,
components of cognitive stress? Or of social norms, which inhibit
(or at least do not actively recruit) positive expectations of
success (eg., for women) in the quantitative sciences, mathematics in
particular. Early on, a rehearsed pattern of failure becomes not
only well established and familiar, but an acceptable, and ultimately
relied upon, event.

The opportunity to examine this is greater detail surfaced
unexpectedly within the traditional format of a first-year Calculus
course I was teaching at Pitzer College. The majority of beginning
Calc customers at Pitzer are primarily social science students with
a fairly sparse backlog of mathematical sophistication and technique.




By the time we reached the Fundamental Thm. (circa Thanksgiving
this happens) several students complained of crisis proportion
difficulties and felt, in general, too "intimidated" to fathom what
was going on. We threw around different ways of framing hard-to-get
topics (selling Riemann Sums was like forcefeeding strychnine!),
still nothing seemed to penetrate the psychic barrier they had
created.

I had an idea: in an attempt to identify this psychological
impasse or at least to gain some measureable insight into the
freak-out factors that were exponentialy gaining ground, I hustled
the group down to the campus bookstore. We proceeded to the
"self-help" psych aisle and I issued the following instructions.
Grab the title most applicable to the sense of dread presently
experienced. These were the four editions selected:

1. Feel the Fear (And Do It Anyway) - Susan Jeffers, Ph.D.

2. Stress, Sanity and Survival - Robert Woolfolk, Ph.D.,
Frank Richardson, Ph.D.

3. The Relaxation Response - Herbert Benson, M.D.

4. On Death and Dying - Elisabeth Kubler-Ross

A common denominator? Interesting that the primary target
or focus of each of the above centered on fear and fear syndromes,
physiological stress responses and "anxiety feedback loops."

Anxiety feedback loops?! Speak of this to your garden-variety,

of f-the-street mathematician and see what response this evokes!
According to the above-listed 1lit, a simple 3-fold model

describes the "fight-or-flight" response. An exogenous fear
stimulus (environmental cue) triggers endogenous (visceral)
stress. Stress hormones, inturn, instigate a sometimes alarming array
of somatic symptoms (rapid pulse, acclerated cardio-pulmonary
activity, etc.); a sense of panic and pervasive fear consumes the
conscious mind in its attempt to label and interpret the state

of physical dis-ease. This cognitive labeling or negative ideation
of the somatic symptoms then becomes the necessary cue to promote
rpetition of the cycle. And in the most chronic cases the above
may become an infinite loop (unbounded?)!

The salient point here is that fear-anticipation and
fear-reaction are essentially equivalent events as the cycle replicates.
But this fact of life seems particularly germaine to the math-
phobic's reality: the student subscribes to an inherent lack of
ability, or lack of success solving problems. The acceptance of this
failure becomes a rehearsed and expected event. Together, these
perceptions become a self-propelling force, creating a familiar feed-
back dynamic with which the student becomes alienated or disaffected
and/or both.

Learned behavior can be unlearned; to disrupt this cycle of
negativity one must orient and efffect an appropriate labeling of
fear-cues and re-orient these signals towards positive expectation.
Cognitive distortions must be recognized and disallowed. In the con-
text of mathematical problem solving, this prescription points to
a structured reinforcement of successful outcomes - seed positive
results so that this, in effect, becomes the norm. After all,
this certainly is the case with the most accelerated students. They
are driven by the conifdence of repeated sucess many times over;
and this formats the necessary creative mobility to tackle the
more difficult, abstract situations.




One way of creating positive expectation and diminishing
withdrawel and isolation, I have found, is by utilizing extra-
curricular groups. Meeting outside of class, and optimally in as
informal an environment as possible (coffee house, baseball field,
Mt. Baldy!! ), the trick is to encourage interactive problem
solving and out-loud (to eachother) communication of the concepts
and idea. The best model for this (that I know of) is the work-
shop format agendized so successfully by Uri Treisman at Berkeley
(initially set up for minority students taking Calculus, recently
this has served as the blueprint many other institutions have
adopted for math and other quantitative-science disciplines).
Loosely simulating the structure I employed proctoring Treisman-
planted workshops at Cal Poly Pomona, groups of students were
assembled to tackle (at first) easy and (later on) more difficult
proldematic topics relating to concepts offered in lecture.

Verbal discussion and exchange of ideas and solutions were the
only components of operation. This give-and-take free-for-all
of problem-solving technique was Marxist oriented: communal ex-
change and shared perceptions were the ingredients demanded.
Individual initiative was fostered and channeled as feedback to
the rest of the group.

This symbiotic nature of idea-sharing was gquickly infectious
and virtually synergistic in scope. Insofar as promoting paths of
solution-productive thought, the collective insight seemed to
out-distance the sum of the constituent parts!

Eventually the best results were recruited with more
challenging problems which permitted a greater degree of dis-
cussion and verbal description og the u%derlying ideas involved.
Here's an example: Sketch y = X + sin x (m=n=1 is usually a
text-assigned homework exercise; so try m=n=2, what info
does lst and 2nd derivative relay? Now, who can generalize for
different m and n, eg. m,n both even, both odd, etc).

Another example: Compute the derivative of x raised to itself n
times (if your idea of fun is logarithmic differentiation! -see below*).

Pushing through fear is less frightening than living with
the underlying fear that comes from a feeling of helplessness,"
notes Feel The Fear's Dr. Jeffers. Functionally this is the
moral of the story. And it's a message that plays well with
helpless-feeling students.

One person came up with a recursion formula,

d/dx (x*n) = (x*n)d/dx[x*(n-1)]lnx + (x"“n)[x“f(n-l)]x_1

where "x*n" indicates x raised to itself n times.

However the onus of trumping up silly problems incurs

the responsibility of providing complete solutions:
4!

" n-x
d/dx (x*n) = [M(x*i)](1nx)" +§£ [Tﬁx*i)(lnx)n_(3+1)x_i]

i.“l ‘?-.0 -.:J —l
+ (x*n)(x*(n-1))x

Then came the guestion about a%/ax™ (x*n) e
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Introduction

It was a late Friday afternoon. Two of our department”s
faculty members were lounging in the mathematics study/tutor
room, talking with a bright mathematics student who was
trying to make an argument. 'Just grant me this," Sandy was
saying. 'Let x be a rational number, and let y be the next
larger rational number." We were not willing to do such
letting. Our questions about the nature of the number
(xty)/2 were greeted with puzzlement. Yes, it is a
rational number. Yes, it is bigger than X but less than y.
But so what?

Sandy was '"filtering out" the contradiction that was so apparent to us
as mathematicians. We were both reminded again of how "discrete"
college freshmen”s ideas of numbers are. Over the years in school they
learn about integers first, then scatter in some fractions, and
eventually throw in a few irrationals such as pi and square roots. But
the notion of a continuum is beyond most of them when they enter
college.

The disturbing realization on that Friday afternoon was that Sandy was
not a bright freshman mathematics student. Sandy was a bright junior
mathematics major, enrolled in our advanced calculus course. Sandy”s
previous 2-1/2 years of college mathematics had done little to develop a
sense of the continuum. Calculus texts universally ignore this
conceptual problem, and our calculus courses are virtually defined by
the chosen text. So the Sandy phenomenon should not surprise us so much
as it distresses us.

Sandy”s limitations are broader than a superficial concept of the
continuum, however. In reality, very few junior mathematics majors are
well prepared to do well in the junior level courses we wish to teach.
OQur complaints include 1) lack of skill at the formal reasoning needed
to understand and create proofs and other arguments; 2) lack ot
visualization ability; 3) inability to read mathematical writing, even
expository writing; &) poor skills at communicating mathematically; and
5) a lack of awareness of what we, and our colleagues in science, think
is important about mathematics.

Perhaps our overriding frustration, however, is that our sophomores do
not have a good basis on which to make a decision about majoring in
mathematics or the sciences. Those who decide to enroll in junior level
mathematics courses have been successful at the mechanical calculations
learned in calculus and linear algebra - the same mechanics that have
driven away many other students, especially women and minority students.
Not only have they encountered precious little of the logical reasoning
that makes up so much of the discipline; most of them have not
experienced the elegance of beautiful mathematical relationships, the
tension between intuition and logic, the breadth of exciting
mathematical ideas beyond analysis, or the thrill of doing mathematics:
asking questions, investigating special cases, making conjectures,
trying to prove them, revising conjectures, and successful proofs.




Copes, Innovative Curriculum Idea

Although we don”"t pretend that college freshmen and sophomores can
engage in research on the forefront of mathematics, we have seen
students in our non—majors courses acquire a better feel for
mathematical processes than our own majors do after two years of our
courses. Students in our "Mathematics for the Liberal Arts" course
understand the important role that mathematics has played in the
development of civilization better than those who intend to do or use
mathematics in their careers.

Our collective frustrations have led my department faculty to do some
intensive thinking together (and with our other colleagues in the
science division) about these problems since the fall of 1986. What I
say here is my own organization of those thoughts. At least one other
member of our department is here today to give other perspectives.

Our situation is very typical. Augsburg College is a liberal arts
college of about 150U students. As in most colleges, the first two
years for students majoring in mathematics or the sciences include three
semesters of calculus (two for biology majors), and — for mathematics,
physics, and computer science majors — a semester of linear algebra. A
few students outside the science division take Calculus I to satisfy a
distribution requirement.

Occasionally I hear from mathematical colleagues at other schools the

opinion that "If they can”t get it through these courses then they
should major in something else." At Augsburg, however, we are asking
if "these courses'" really show students a true picture of mathematics,
if they prepare students to become mathematicians or users of
mathematics as well as other courses might. To get a handle on these
questions, we made a list of goals that we want all of our mathematics
and science majors to accomplish, at least eventually.

Our goals
Our goals can be stated rather simply. They are
The student should be able to

learn mathematics independently;

do mathematics; and

communicate mathematically.

The student should understand the importance of mathematics.
Let”s look at these in turn.

Learning mathematics, as we all have been trained to say, 1s not a
spectator sport. It requires practice. Usually when we say this we
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mean working lots of mechanical exercises. We also might include
"problem solving," in at least one of its many interpretations.

But learning mathematics also involves a number of other skills. For
one thing, to learn mathematics effectively a student must be able to
read and listen to mathematics with understanding. Without getting into
a discussion of understanding, 171l say that understanding what is read
and heard seems to have several prerequisites:

a knowledge of the shorthand used in mathematical communication;
an ability to follow logical arguments;

understanding of a representative set of mathematical concepts (so that
the distance from a new idea to an old one is fairly small); and

familiarity with the processes the author or speaker may have used to
arrive at the results being described.

These processes are what I mean by doing mathematics, our second goal.
They include

modeling problems in mathematical terms, whether the problems arise out
of "real world" situations or from questions about extending other

mathematics;

generating data to search for patterns, including data from special
cases,;

making conjectures based on seeing patterns in data;

trying to prove or disprove those conjectures, reformulating them, and
looking at specific cases, pitting intuition against logic, with each
being informed by the other; and

asking exploratory questions that will lead to new problems.

All of these activities involve, of course, understanding a
representative set of mathematical concepts.

Our third goal, communicating mathematically in an effective way, can be
summarized as "writing and speaking well." But what”s really involved
here? Writing and speech teachers can tell you in much more detail, of
course, but 1 list a few ideas. Besides what must be rather standard
for all fields - the necessity for an awareness of audience level and
the ability to organize ideas — I can think of three requirements
especially important to good mathematical writing:

knowledge of the shorthand of mathematical communication - the
subtleties of quantifiers, and the careful use of English connectives to
communicate the direction of an argument;
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a sensitivity to the power and limitations of mathematical symbols and a
feeling for how to achieve an effective balance between symbols and
words; and, of course,

an understanding of a representative set of mathematical concepts.

By the importance of mathematics I certainly include the successes of
mathematical models for solving practical problems - and their
limitations, too., But I also refer to the effects of mathematics on the
development of civilization, about which our non-majors learn something
but mathematicians learn about only by accident if at all. Especially
at a liberal arts college like Augsburg, with an awareness that the most
creative contributors to a field are those who can look at problems from
many different perspectives, it”s important for mathematics graduates to
have seen the many faces of mathematics that history has exposed.

Experiences to achieve these goals
Given that these are our major goals, what kinds of experiences are most
likely to help students achieve them? Just restating what I have said
will give us some major categories for these experiences; after doing so

I shall expand upon them briefly.

We should provide students with coached practice at

reading mathematics,
listening to mathematics,
following logical arguments,
mathematical modeling,
generating mathematical data,
making conjectures,

creating mathematical proofs,
posing mathematical problems,
writing mathematics, and
speaking about mathematics;

our students should study the effects of mathematics on civilization;

and our students should encounter a representative set of mathematical
concepts.

Let me expand on these three categories.

The term coached practice reminds me of football training or perhaps
music lessons. Coaching involves demonstrating or describing how to do
something, and then (even in team sports) giving a good bit of advice to
individuals, based on their performance. It goes well beyond telling a
group of people how to do something, asking them to do it on their own,
and then testing them to see if they can do it. But isn”"t that what
most of us do when we try to teach mathematics? OQur approach works
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fairly well for teaching skills at working exercises; but teaching more
complex skills and concepts requires giving a good bit more individual
attention. For whatever reason, instead of giving that attention we
abandon the teaching of higher level skills, and Sandy arrives at the
junior year without having obtained them.

In discussing the influence of mathematics on civilization we have meant
the ways mathematics has influenced - and, naturally enough, been
affected by - areas of life that, only in the last few hundred years,
have come to be seen as different from mathematics. Alphabetically,
some of these areas are

architecture,

literature,
music,

mysticism,
painting,
philosophy,
science, and
sculpture.

And here we are again at understanding a representative set of
mathematical concepts. In one sense, the exact nature of these concepts
diminishes in importance if our other goals are met. Does it matter

whether or not we“ve spent a class period integrating by partial
fractions if students can learn such techniques and even the ideas
behind them on their own? On the other hand, the sample of ideas the
student has learned must be representative. With no understanding of
the concept of integration, learning about integration by partial
fractions would be left to the few Ramanujans of the world.

But what must the set of ideas represent? Mathematics, of course. And
what all does mathematics include? Think, now: geometry. Number
theory. Algebra. Topology. Probability. Statistics. Graph theory.
Combinatorics. Yes, even analysis. Can we get a representative sample
of mathematical ideas by teaching calculus and linear algebra? No, not
even if we throw in a little "discrete mathematics." We need a much
broader sample to have a collection of ideas that are more-or—less dense
in the continuum of ideas that make up contemporary mathematics.

We can learn something, we think, from other disciplines. In the first
year of a physics major, the student takes "General Physics." In the
first year of a sociology major, students study "Principles of
Sociology." These courses introduce students to the big ideas and
techniques of the field. To design a real "principles of mathematics"
course we must do more than redesign Sandy s calculus course for a new
century.

Implementation ideas
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So how do we accomplish all this? We at Augsburg have been
experimenting with a number of teaching ideas in our current courses,
and some of them show promise for accomplishing some of the goals we
have set above. For example:

Some of us assign the students to read a section of the text in advance,
and we spend the class time answering their questions about it. We try
to avoid just repeating the book in our own words. When the students
have no more questions, we talk about an application or work some
problems involving the ideas they have read about. They leave with an
assignment that includes not only working more problems but also reading
another part of the text.

Instead of introducing a new topic with "It”s very important to know
this," we sometimes start with a problem. It may be a practical
problem, but it might also be a problem that intrigues students through
its mystery or even nonsense. In analyzing the problem together we
develop some mathematics ideas, and, eventually — perhaps after several
days or even weeks — solve the problem.

Encouraging discussion among students works well for creating an
atmosphere of doing mathematics. As we implement a program that focuses
on learning and process goals, we should take the opportunity to
substitute quality for quantity.

If we want students to learn to learn by listening, they must not be
deprived of lectures. They need to be coached, however, in how to
listen effectively to mathematical talks.

Several of us require our students to write. I, for example, insist on
a careful presentation, using complete, grammatical sentences, of each
solution., I critique the presentation as well as the content, and if
it”s not done well 1 ask for revisions. Others use journal writing or
summary term papers. We ask students to explain concepts in their own
words - a humbling experience for us all, but one that allows us to
coach more individually.

Some of us ask students to prepare and deliver short oral presentations
in class, even in the freshman year. Again, these are critiqued for
style as well as content.

In our "Mathematics for the Liberal Arts course" we have found that a
powerful way to demonstrate the influence of mathematics on civilization
is to arrange the topics chronologically. We frequently use a
""pseudo-historical" approach, choosing mathematical topics most
appropriate to the historical period in question. This organization
scheme has the additional advantage of gradually increasing the level of
abstraction and thus the level of difficulty.

The notion of encountering ideas repeatedly, at increasing levels of
difficulty, is known as a ''spiral approach." We find that method very
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effective within our courses as well as through the curriculum as a
whole. Our thoughts about curriculum design are that during the first
year we might move chronologically through a representative set of
mathematical ideas, and then spiral through the main ideas another time
during the second year, with less emphasis on cultural influences and
with more detail and a higher level of rigor. In our standard junior
and senior courses the students would encounter the same ideas a third
time (at least), with even more details and an even higher level of
rigor.

Some side benefits

We anticipate two important positive side effects of an approach like
this. First, we hope that this approach will "hook" those students who
in the past have been discouraged by the tedium and apparent irrelevance
of the current calculus sequence. Research indicates that, for example,
many women and minority students have been "turned off" by an apparently
non-humanistic discipline. If the students can experience some of the
ecstasy of doing mathematics, they will come to regard the discipline as
less cold and inflexible.

Second, those students who are taking a mathematics course at this level
purely to satisfy a liberal arts requirement will achieve a much better
understanding of the breadth of mathematics and its importance to the
development of society than they do in their current calculus course.

Augsburg”s agenda
We see the five steps in our curriculum development process:

In the first step, we need to add to our collection of stimulating
problems whose exploration will help us (with the students) "create"
many ideas of mathematics. At the same time, we need to be addressing
some of the logistical questions, such as making sure that our program
meshes with others well enough so that transfer students are not
handicapped too greatly.

Then we need to decide which problems are most likely to lead to
discussions of particular ideas, and in which order they might be posed.

Some teaching methods are more appropriate for some problems than for
others. At times we might want use lectures, at other times emphasize
reading, and for other topics "invent" the mathematical ideas together
through class discussion.

Since reading plays such an important role in any college course,
students need to have written materials concerning a wide variety of
mathematical topics at an appropriate level of difficulty. Of all the
books we know of that address a variety of topics, none has both the
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scope we desire and a level appropriate for students who are currently
taking the calculus sequence. So we need to create our own text, using
already-written materials as much as possible and writing our own to
fill in gaps.

This brings me to where you come in. We need help. What stimulating
problems have you used? What excellent reading do you know of about
these various topics? Would you be interested in joining us in this
new venture? 1in helping us design courses? in class testing ideas?

I°d be glad to hear from anyone willing to help us address the Sandy
phenomenon.




I've AFfound recently that many of my technical classes
have at times become completely overwhelming in content. Some
concepts which are no longer intuitively obvious and increasingly
complex occupy a state of i1ndeterminancy. They tease me by
appearing a&at one moment to be within my scope of understanding,
only at the next moment to be flying back out into vagueness with
lazy, complacent ignorance flowing in to fill the void. In order
to solve this problem, I have learned that when one of these
ideas arrives for a brief stay in comprehension I must fasten it
down. This is accomplished by harpooning it with blind
acceptance of certain background information that is too tedious
for me to appreciate. Much of the beauty of the concept is
destroyed in the resulting mutilation and the cables holding it
in place are not strong. However, they are easy to erect.

Eventually, if other concepts that are founded on the one tied

down grow too abstract and complex themselves, the cables will

snap and the whole assembly will disintegrate and blow away.

In this intense, academic environment there is also no
time for self-conaratulations for a concept recently mastered.
There's no time to enjoy the view from the new ledge you have
just ascended to on the climb for better understanding. There’'s
no time because at that very moment parts of the ledge are
collapsing while a landslide of new information is bombarding you
from above. Self-confidence 1is a very dangerous, unpredictable
instrument in your bag of climbing tools. It should be
implemented with a great deal of care. It is a balloon of
delicate material tied around your waist that can give you some

buoyancy to make the <climb a little easier. However, a small




shard of misfortune can eaily leave a gaping hole in it. New
problems and tasks then collect in its empty husk weighing you
down and complicating vyour task of learning. If you have an
overabundance of self-confidence, though, your balloon provides
too much vertical Lidkto Involved in the ceremonies of
narcissism, you ignore or accidently miss details and vital
features of the obstacle you are trying to surmount. A heavy fog
of conceited ignorance begins to settle over the environment,
diminishing your range of sight wuntil +Finally a hidden
obstruction breaks your bag of hot air sending you plummeting in
a freefall from which it 1is difficult to recover. In either
case, a blessing has suddenly become a cursed burden.

So what is a student to do when surrounded by a vast body
of destitute ideas all crying out for attention, and time and
enthusiam are scarce resources? Fondering the task itself for
too long is enough to drive a self—-wielded dagger through the

toughest armors of assuredness.

5/1/88
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FOR WHOM NOBEL TOLLS

By
William Dunham
Hanover College and The Ohio State University

It is well-known that Nobel Prizes
Come in many shapes and sizes.

But one is missing from the list -
The Nobel Math Prize does not exist.

There is a widely-held suspicion
That might account for this omission:
Perhaps it's jealousy that's to blame

For mathematicians' absence from the Nobel game.

For Alfred Nobel had become aware

Of his wife's impassioned love affair
With a mathematician, who held her tight
And thought that she was DYNAMITE.

Then Nobel, reacting as expected,

Vowed, "Mathematiclans shall be neglected!
And if it's Sweden they want to see,

Let them take a tour and pay the fee!"

0, the lack of a Math Prize is indeed a curse,
Yet T have to admit it could have been worse -
What if Madame Nobel's infamous tryst

Had been instead with a pacifist ?




MATHEMATTCATL, METAPHORS FROM ADVANCED PIACEMENT STUDENTS

Dorothy Buerk

Mathematics/Computer Science Department
Ithaca College, Ithaca, NY 14850

The images and perceptions of mathematics held by many math avoidant people
often surprise me. I encourage these people to develcop their metaphors and
stories for me. (See Buerk 1982, Buerk 1985, and Potter 1978.) The more I
listen to the math avoidant, the more I wonder what the images of those more
successful with mathematics might be. I am beginning to ask and want to share

some responses with you.

In May I asked two different classes of Advanced Placement high school
students to develop their images of math. After an introduction by the classroom
teacher, I asked students individually:

1) to list words they would use to describe math (5-7 minutes),

2) to imagine themselves in a situation of doing math and to list all
their feelings while doing math (5-7 minutes),

3) tc list all of the objects (nouns, things) that math is like for them
(5=7 minutes),

4) and finally to read over their three lists and write a paragraph
beginning, "For me math is like a..."

The paragraphs of two-thirds of these students follow.

FOR ME MATH IS LIKE A

For me math is kind of like an incredible book that you have to read through an
infinite number of times. The first time you get the ge.neral idea, but until you
reach the end you really have no idea what's going on in relation to anything
else. Each successive reading brings out more meaning and little unimportant
asides suddenly relate to everything else in the most amazing way. It has to be
read an infinite number of times because there's always more meaning to be found.
But the book would have to be infinitely long as well, because math has no
beginning or end and there's no place to stop. Like the book, questions posed at
the end may be answered by some tiny thing at the beginning. Sometimes it seems
hopeless and completely irrelevant, but if you force yourself to continue it will
suddenly clear up and make more sense than you ever thought possible. You have
to have faith that it's worth plowing through it.

FOR ME MATH IS LIKE A

Math is often like a track race, because sometimes it works and sometimes it
doesn't. My experiences with math have sometimes been frustrating in practice
although I might work hard at it and see the overall picture well. Running can
be 1like this because although you can work hard for a long time, so—called
success comes down to one race, which either could be good or not, depending on
the day. In the same way, math sometimes "clicks" and becomes great fun and
beautiful, but other times seems just annoying, and although perhaps exciting,
out of reach.




FOR ME MATH IS LIKE A

For me math is like an egg. It is simple and one can hold it in one's hand and
roll it about. But then it has a surface that is smooth in some places, rough in
others, but always pure white. It can be delicate and breakable, but remarkably
tough when, for instance, you try to crush it from the ends. It may seem like an
oval or a simple circle, but it is a slight contortion. And, best of all, deep
inside rests the baby of the world, a wonder for all to speculate upon, for we
only see it after the egg breaks. We know it is in there, living; if only we
could get to it without breaking the shell.

FOR ME MATH IS LIKE A

For me math is like a maze or rather a huge maze made up of many smaller ones
which you have to finish first in order to get to the end. Except it really has
no end. There are rewards, though, on different levels as you finish various
submazes, and excitement when you discover a pattern or a new path. It's fun to
explore and to succeed and it's worth the frustration and sense of being lost
thatcc:meswhenyouhavetakenZOmngtuxns in the last hour. Math and mazes
are tedious in the areas you already know but exciting when you discover
something new. They are very rewarding; they bring great senses of
accomplishment.

FOR ME MATH IS LIKE A

For me math is like a strange object in a glass case where the object intrigues
you but you can only guess. Sometimes you can spend hours standing looking at it
and still can't figure out what it is. Sometimes you can pin it down and easily
walk away. It is when the object is something you can't figure out that

stimuilates, fascinates, and makes you eager to go to other sources to come to an
idea of what it is. But what you decide the cbject is depends on your background
and education. There are many approaches to take you to a conclusion.

FOR ME MATH IS IIKE A

For me math is like a puzzle that is all blue sky with a couple clouds in it so
that most of the time it is Jjust luck whether you get the pieces together,
sometimes it's easier because of the clouds. Actually, math is really easy for
me when I don't really have to figure anything out. That's when it's satisfying,
when you have a bunch of formulas and you can plod through a bunch of problems
with them - not really easy, obvious problems but hard ones where you have to
figure out which method to use first to solve it. So math has been alright so
far, I'm just scared when I think about trying to apply it to a problem in real
life, or when I think about discovering something new. It just seems so
impossible, like the puzzle. That's why I won't enter math contests. Maybe I'm
just scared I'll fail. Math has always been really competitive for me. It's
like a race, but there always has to be an end because if there wasn't I think I
wouldn't feel compelled to do it.

FOR ME MATH IS LIKE A

Math is like a puzzle because it contains a million pieces that fit together
perfectly only if you understand the relations of the pieces to each other ard
each piece helps put the others into perspective.




FOR ME MATH IS LIKE A

For me math is like trying to eat a jawbreaker that is too big to swallow and too
hard to chew. It dissolves away a little at a time, very slowly, but it tastes
good along the way - and there's the promise of the sweet, soft center.

FOR ME MATH IS LIKE A

For me math is like a strong, secret hiding place that I can escape to, think in,
and be caomforted by. It's in another world away from interruptions. It's filled
with rare objects, unknown objects that I am drawn to and mesmerized by. I stare
at each one of these objects for long periods of time - I have all the time in
the world in this place - trying to unravel its mysteries, trying to find out
what they really consist of. Some are easy to discover, others are very
difficult, almost impossible. When I've had no luck with these more difficult
objects, I wander back into the cave, the center of this secret place. In this
cave are many different crystals and many beautiful, but well known rocks and
gems. Here lie all the basic "truths.' The foundations upon which everything is
based. Then I go back out again, renewed with strength.

FOR ME MATH IS LIKE A

For me math is like a Bach fugue. In a fugue there is an opening phrase, the
very foundation of the fugue. It is used and spun ocut. But as soon as you've
stated this idea another voice enters in. Horizontally there are a lot of single
voices going on, all develcoped from the same basic assumption, but alone wouldn't
make it music. It is important that the voices go together well, the vertical
harmonies of the different lines. They're all separate but together and only
together they make harmonic and musical sense. The contrapuntal voice
leading.... One line alone in a fugue might be beautiful but the depth comes
into existence because of the complicated interweaving patterns. There is no way
to find all the structures and connections but it is a nice challenge to look for
them.

The difference though is, that a fugue ends and the search ends at a certain
point. A fugue was set up in its complexity by a human being and finished, while
math, though created by humans, never ends.

The different "branches" of math are the voices of the fugue that are
built(?) on the same assumption, developing different things from there and not
contradicting each other.

FOR ME MATH IS LIKE A

For me math is like a toolbox. The tools in the toolbox represent the concepts,
formulas, and techniques needed to solve problems. However, I could always use
the wrong tool, or maybe my toolbox doesn't have the tool I need. The tools can
be used to construct something, or they can be used to strip down a complicated
machine so that all the parts can be analyzed. Some tools can become obsolete if
I acquire new ones. When working with the tools of mathematics, I could just as
easily use them to fulfill my needs by solving the problems.

FOR ME MATH IS LIKE A

For me math is like a non-existent rubbery wall of silly putty that, while you
can imprint cartoons on it, shoves you back time after time. A shapeless blob
that has to be molded into something obvious and simple.




FOR ME MATH IS I.TKE A

For me math is like a human being (one not always easy for everyone to deal
with). My first exposure to math was Winroth's "How many can you do in three
minutes?" (no,it was learning to draw eights in nursery school - also
frustrating) and memorizing times tables. I hated both - the pressure and the
rote learning was boring, and I was a daydreaming type who didn't like the
pressure of time limits, I guess. Then came a mysteriocus thing called "pie"
(sic) that my parents and brother talked about, over my head, at dinner, and the
physics my parents discussed. I was a girl and I didn't like boys and math, which
was boy's stuff. Gradually I had to get to know both - and I love math now
because it's interesting. Math is temperamental and not easy for everyone to get
along with. An eccentric personality that, though varied, still is oriented with
one goal in mind, and, even when you know and 1like him/her/it, can be
intimidating because it sounds pretentious, stuffy, over-intelligent, eccentric-
like your typical stereotype physicist or mathematician. But sometime he/she/it
has flashes of brilliance where "it" says something incredible and you say - wow.
What a neat person.

FOR ME MATH IS LIKE A

For me math is like a hunt or an adventure. You have a seemingly impossible
problem in front of you, and all these formulas and methods in your head. You
have to keep pulling out methods and formulas until you begin to weaken the
beast, and keep working until you've turmed the lion into a pussycat. Once
you've accamplished the feat, you can again say you're King of the Jungle and go
out in search of the next lion to be tamed. You find the next one - and it's
huge! You begin to try your different weapons, but it thwarts them all off. But

finally, exhausted, you remember L'Hopital's Rule, and finally the battle is in
your favor. From then on it's an easy fight, and you win again.

FOR ME MATH IS LIKE A

Math is like a name, you are given names to ideas that don't even exist, it's so
abstract, you call the sky "sky" but if you wrote "sky" on a piece of paper it
wouldn't be the sky so that's what numbers, real and imaginary are. But then we
made laws for the numbers, and with the first defining statements all the rest
followed. When someone took a step in one direction we had to keep walking that
way. Math could have developed in a completely different manner, but it would
still be just as correct. It's important to remember that math isn't really a
reality , it's a philosophy, a way of relating tangible things. The fact that it
does such a good job is amazing to me. The thing that excites me the most about
math is the connections, for example, the number, e, shows up mysteriously in so
many places, as do the golden ratio and pi. But also the connections between
logic and proofs in math and debating arguing a point. Math is in many ways a
magic, a supernatural entity that we can attain, this makes it very special.
Yeah, yeah and I really think I know what I'm talking about. Math can be amazing
if you can appreciate the many things it has made us capable of. I said that
math was simply a philosophy, which is true, but look at what this philosophy,
law, that at one point did not exist, has blossomed into. Math is a creation of
man, or is it?




FOR ME MATH IS LIKE A

For me, math is like a jigsaw puzzle with hundreds of pieces. It can be
frustrating when I can't grasp a concept or can't find a mistake in a problem I
did wrong. On the other hand, when a concept does make sense, it's like putting
many pieces of the puzzle together at once. It's also puzzle-like in that it's
intriguing how so many seemingly unrelated pieces can fit into a ccherent whole
which is visible in nature as well as in textbooks. It's rewarding like a puzzle
when a concept is fully understood - hence, the puzzle is finished.

FOR ME MATH IS LIKE A

For me math is like a trial - a test of my intelligence. I feel a lot of
pressure to do well. This pressure comes from several different places. First,
at home: my father is a mathematician and my older brother has always been a
math whiz. I am expected to be the same way, but my interests lie in other areas
(music, poetry...). For me math holds no interest. Thus the only point (to me)
of learning it is to succeed, to excel, to please others. I like to think slowly
and figure things out. When my Dad helps me with math I feel pressured - like if
I don't know/understand something he will think I'm stupid.

But the pressure also comes from the whole system of the advanced math
sequence. People are expected to keep up with the speed of these courses. If I
didn't understand something (a common experience) there was no time to ask
questions. We had too much material to cover. Basically the system is
inflexible. It is geared towards ONE kind of student: fast thinking, smart...
and if you are not these things you are left behind.

Ancther thing: there is a big "competition" (unspoken) between my level math
class and the level just below - a real snocb attitude of those more advanced
towards those less advanced. This competitive attitude is not one I work well
around. I get angry and vent that anger toward the subject (math) not towards
the people.

DEVEIOP YOUR OWN METAPHOR FOR MATHEMATICS! PLEASE WRITE IT UP AND SEND IT TO ME.
I WILL SEND SOME/AIL(?) OF THESE TO AL WHITE FOR THE NEXT NEWSLETTER!

Have you seen Iynn Steen's metaphor in Science (1988)? Where are others written
down?

REFERENCES

Buerk, D. (1982). An experience with some able women who avoid mathematics. For
the Iearning of Mathematics, 3(2), 19-24.

Buerk, D. (1985). The voices of women making meaning in mathematics. Journal of
Education, 167(3), 59-70.

Potter, B. D. (1978). The train and the fly or why I hate math. The Two-Year
College Mathematics Journal, 9(1), 3-4.

Steen, L. A. (1988). The science of patterns. Science, 240, 611-616.




Department of Mathematics

Professor P G Daniels
Head of Department

Deputy ead o Department University

Northampton Square
London EC1V OHB

Telephone 01-253 4399

AJB/VM Fax 01-250 0837

26th April 1988

Professaor A. White
Department of Mathematics
Harvey Mudd College
Claremont

CA 91711

California

Dear Professor White

Thank you for sending me a copy of Newsletters 1 and 2. I enclose with
this letter a copy of the report of work that I undertook at Brunel
University, London, whilst on sabbatical leave from the City University,
London.

I think that the report deserves a wider audience than it has thus far had,
and I would like you to consider it for publication within the auspices

of the Humanistic Mathematics Network.

I look forward to any further material from you,

Yours sincerely

Dr Anthony Briginshaw




l. Some observations on teaching undergraduate mathematics.

Introduction.

This Report is an essay on current perspectives in mathematics

education. It is largely concerned with undergraduate mathematics

education, and focuses particularly on how mathematics is taught to first

and second year engineering undergraduates. It is clear that, as always,

such a narrow focus cannot fail to have ramifications in neighbouring

areas, and I shall at least mention the following:

(1) the history and philosophy of mathematics,

(ii) the treatment of mathematics in schools,

(iii) the great success of mathematics as the servant of physics and
engineering,
misconceptions of what mathematics is and what it seeks to achieve,
behavioural phenomena in the lecture meeting, and

methods of assessment of lecturer performance.

The essay is a distillation from a period of intensive enquiry undertaken
throughout the 1986/7 session, a session which was spent as study leave in

the Department of Mathematics at Brunel University.

The net result of the enquiry is that many more questions were raised than
I could answer, so that in this Report I re-iterate those questions and

outline whatever I have achieved in the way of an answer.
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25 Teaching mathematics: the mathematical 1anguage.

Teachers of mathematics, at all levels, are concerned with the
transmission of learning. They use, as the medium of communication, a
hybrid language, part English, part Mathematics . In one sense the

mathematical language is not a natural language, in that it has not grown

as a readily accessible medium for communication and for general

discourse. In another sense the language is a natural one, for it has
grown with and alongside physics and engineering and has come to describe
scientific and engineering usage and procedure with unrivalled success.
Indeed, we might say that it is a medium for discourse within certain
communities, the various communities of science and engineering. However,
the mathematicai language 1is succinct and economical, and, indeed, it has
been honed to economical perfection through centuries of selection
(Cajori, 1928) . Thus, unlike English, or any similar natural language of
general written or spoken discourse it has very low ''redundancy'". Yet
high redundancy seems to be a quality which indicates that the language is
a good vehicle for the transmission of information. Thus the mathematical
language would seem a priori to be a poor vehicle for communication to
learners! In spite of that, I suggest that, with care, this difficulty is
subject to automatic alleviation in the currency of a course of
mathematical instruction. Briefly, there is a continual need for
conceptual scaffolding throughout the course, and this scaffolding is the
means by which a quite small number of major concepts and techniques 1is
acquired. When facility and confidence with these concepts and techniques
is achieved, by accretion, and with a large degree of overkill and
redundancy, the objectives of the course are attained. In a University
mathematics course, some familiarity with the axiomatic method and with
logical implication is also acquired, but not as much as we think; to most

students, especially those for which mathematics is not a major subject,

facilitv and confidence are guite enough .




3. Language and communication.

Claud Shannon is regarded as the founder of the modern theory of
communication. Shannon's original work (1948) gave rise to the
collaboration of Shannon and Weaver (1949) and that was followed by the
publication of Bell's book (1953). Since then, the field has expanded
vigorously and that expansion has been matched by prolific publication.
We need only touch here on the very basic idea of the theory, and, in
particular, introduce the concept of entropy, a measure of the quantity

information which is transmitted per symbol of language.

Colloquially, we envisage a distinction between "language" and "code".
"Language" (literally "tongue") is perhaps a naturally occurring spoken
written system of discourse. On the other hand, "code" is a restricted,
curtailed, economical or displaced version of such a language. More
technically, the word "code" has also come to indicate strings of symbols
with which we address a machine. However, if we look upon a code as a
device used for protecting security, then a good code is one which
transmits a message to insiders and which is impenetrable to outsiders.

On the other hand, a poor code is one which transmits a message to all and
1s not impenetrable. Thus English is a good language but a poor code (for
English speaﬁers) and Hatheﬁatics is a poor language but a good code (for

English speakers!).

4, Self information of an event; entropy of a set of events.

Shannon defined the self information, I(E), of an event E as a function

of the probability p of its occurrence.

It is I(E) = log(%) which defines the self information of E , or, in

other words, the quantity of information which 1s transmitted when E
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occurs. The convention is that base 2 logarithms are used for this
measure and that I(E) is measured in "bits". Notice that the quantity of

information transmitted by E increases with its "surprise" value.

For a set of events {Ei} with respective probabilities of occurrence {pi}
we define the entropy, H{Ei} by
1)
H{E-}= -10 (_ L
7.l egles ()
We can look upon entropy as the average information transmitted per event

for a sequence of events.

5. Redundancy of a code or language.

If a code has n smeols witﬁ a;tual probabilities of occurrence {pi} 5
then we may calculate two numbers, the actual entropy and the equiprobable
entropy (that which would occur if all symbols were of equiprobable
occurrence) .

actual entropy

The quantity R = 1 = (see Usher, 1984)

equiprobable entropy

is then referred to as the redundancy of the code. Notice that the
equiprobable entropy is the one which corresponds to the case of maximal
information transfer per symbol. Thus, if the actual entropy is low, then
the code is a relatively inefficient information transfer mechanism. It
is, correspondingly, a good vehicle for communication, for, even if the
receiver misreads or ignores some of the symbols, the receiver may still
get the import of the message.

Both Shannon and Weaver (1949) and Bell (1953) estimated the redundancy of
written English at around 80%, basing their calculations om a conditional

entropy, assuming intersymbol influence.Thus, a conditional entropy

H(j/i) = - J T p(i,i)log p(j/i)
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takes the place of the cruder measure H of paragraph 4 above. Here, in
particular, H(j/i) assumes influence only in adjacent symbols, and p(i,j),
p(j/i) are, respectively, joint and conditional probabilities; there may
be more complicated intersymbol influence. With this means of
estimation, I suspect a very low value for redundancy of the mathematical
1anguagg. which implies that it is a good code, but a poor vehicle for

communication (except to those who are already "fluent").

6. Tactical surprise in undergraduate mathematics courses.

If we accept that the mathematical language has low redundancy then that
fact must affect teaching style. Thus in an undergraduate mathematics
course, especially one where mathematics is not the major study, so that
motivation may be low, the lecturer must seek to exploit whatever tricks
and strategies he can command to achieve two ends. Firstly, to optimize
receiver tuning (student attention) for a given information flow, a matter
which is not wholly affected by the nature of the subject matter.
Secondly, to maximize the information flow. Thus, in order to catch and
hold student attention those tricks may encompass changes of pace and
vocal tone and appropriate use of humour and anecdote and may stretch to
limited histrionics. To maximize the information flow, on the other hand,

tactical surprise might be used in one of two ways, either at the

motivational stage of a new section or within the development of a set of
theorems by a judicious selection of pattern and proof. It might occur by
appeal to any facility for pattern recognition that students may already
have acquired whether it be a recognition of analogue in structure or in
usage. It might occur in a particularly neat or succinct set of

implications which justify a technique or procedure.
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Whatever attempts are made at tactical surprise, however, it is difficult
to achieve, and, worse still, it is often post facto. The limits of
tactical surprise, indeed, must be set alongside the realization that
mathematics is mostly formal, methodical and economical, in other words,

it is intrinsically not surprising.

This is allied, consciously or unconsciously, to the attention profile
which 1s associated with a target student group, which roughly indicates a
variable attention span, with a lack of receptivity, both at 17-20 minutes
and at 34-37 minutes. These occur willynilly in a fifty minute lecture
presentation. There are, as I have said, two types of surprise.
Motivational surprise, by which we hope to capture attention by pointing
out the utility of a prospective technique before outlining the details,
or by pointing out the structural beauty of the mathematics in its own
right; that is, respectively, motivation either at the modelling level or
at the aesthetic level of cognition. It is facile to assume that the
former should be reserved for undergraduate engineers and the latter for
students of pure mathematics, I have not found such restrictions to be an
effective aid to good communication for either group. The second type of
surprise is dramatic surprise and it is a phenomenon, or collection of
phenomena that is very difficult to describe adequately; let us say that
it has something to do with the lecturer as performer, and his or her
ability to engage in limited histrionics or to inject appropriate humour

or expertly to pace the flow of information to suit the target group.

7. Strategic redundancy in undergraduate mathematics courses.

If the mathematical language is such a fundamentally poor medium for
communication, yet the whole point of it is to communicate that which
cannot be communicated in English, how is it that generations of

scientists and engineers come through unscathed? In my view, because
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the strategic redundancy inherent in the undergraduate mathematics

course, Much of the time and effort spent in, for example, a first year
methods course for engineering students is scaffolding. It is essential
for building the edifice of mathematical knowledge with which a student
proceeds to year two, but it is redundant at the end of year one. On my
estimation, perhaps 90% of the work and effort expended in a first year
course 1s scaffolding. It is that part by which the course is motivated
topic by topic and by which each topic development is given plausibility
and each resulting technique is given facility. It is essential for the
successful execution of the course, but it is redundant when the course is

over.

Concerning the bedrock knowledge of mathematics that a student actually
needs, that is, those basic ideas of definition, notation and technique
which occur over and over again in physics and engineering, we might
conclude that if they could be implanted in memory banks and logic
circuits direct, it could be done in one tenth of the normal course

length.

It is in the provision of scaffolding that the intrinsic information

transfer redundancy occurs for the mathematics lecture course.

8. Mastery of the mathematical language.

In speaking of English as a language we recognise such terms as essay,
article, novel, poem, description, reporting, etc., and we distinguish
between creative writing and criticism; equally we may refer to written
material as being classic, modern, mainstream or avant garde, To a quite
marked degree these concepts have their analogues in mathematics insofar

as we treat mathematics as a language in its own right. The analogies go

some way toward explaining some of the snobberies that arise between
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teachers of undergraduates must come from the ranks of the '"research
mathematicians". Unfortunately, this is as misleading as saying that
every poet can be a reporter, essayist or playwright, in other words, it
is an empty assertion, usually made without any attempt to analyse what is
going on, whether in research or in teaching. Another snobbery attempts
to devalue "teaching" vis-a-vis "research", this is rather naive, too, for
in order to validate research the researcher must communicate it, and the
process of communication of new ideas even to peers is still '"teaching".
Naturally "new writing'" is for aficianados i.e. academic mathematicians,
who often are themselves, "writers". There are certainly "critics" of
"new writing', necessarily themselves peers, and often playing the role of
assessors, before publication. Too often there is the danger that, in the
exciting world of avant garde '"mathematical writing", critics and
aficianados alike will too readily place new writing before mathematically
immature minds. That danger is perennial in mathematics, as in music, or

art, or literature.

As I have already noted in paragraph 5, the mathematical language is
likely to have a low redundancy. Does this imply that it is inherently a
poor vehicle for SOCIAL (i.e. educational or classroom) ;ommunication?
That; of'course, does not deny the fact that once the language is
mastered, and fluency is gained, the language can be used with confidence

as the outstandingly good vehicle for SCIENTIFIC communication that it is.

9. Taxonomies.

A taxonomy is a categorisation of a discipline by way of various traits
and qualities, those of Bloom and Piaget, for example, are decided by
"depth of cognisance'". Following Jollifte and Ponsford (1986), I propose

the following taxonomy as being the most sharply focused as a means of

- e caVisnl;o manmemdia~ marhamatrice 1asarmine 2aF nnet 168 acoc Te
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particular, it is valid for the first and second years of an undergraduate

mathematics or mathematics-related degree course. One would expect that

incursions would be made into levels 0,1,2, in varying measures at post 16
ages and the implication of the classification is self evidently that the

sequence 0,1,2,3 indicates an increasing depth of cognisance.

LEVEL O NUMBER SPATIAL AWARENESS FUNCTION

LEVEL 1 LANGUAGE NOTATION TECHNIQUE
(Skill acquisition)

LEVEL 2a

ABSTRACTION FORMALITY STRUCTURE
(Abstraction)

LEVEL 2b PROOF RIGOUR AXIOMATICS
(Logical implication)

LEVEL 2c MODELLING MATHEMATICS/PHYSICS INTERFACE
(Mathematical utility)

LEVEL 2d
(Analogy)

SPECIALIZATION GENERALIZATION ANALOGY

LEVEL 3 ADVANCED INVENTION
(Invention) INTUITION

We might ask which of these qualities is to be regarded as being of primary
importance in the communication of mathematics as a service discipline, and

particularly in the communication of mathematics to engineers, whether they are

already qualified or in training. My use of the word "training" of course

provokes an immediate objection from any self respecting educator. An honours
degree programme in engineering 1s not just a training course, it should stretch

the intellect and enable the aspiring engineer both to understand current

practice and to venture beyond it. We need to encourage people to THINK and

provide them with the intellectual equipment firstly to be able to respond to
extreme and anomolous behaviour, and finally to be capable of engineering

invention, however modest, on their own behalf.

Of course mathematics lecturers should, ideally, themselves be well aware of the

interplay between mathematics, physics and engineerine, not onlv as it
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stands now, but as it has developed over the centuries. That is asking a
great deal of the mathematics lecturer, with the implication that he or she
should have some knowledge of both the history and philosophy of mathematics,
as well as an overview of many areas of current mathematical practice,
including some insights into how mathematics fulfils its modelling role. For
an overview of what mathematics is, see Temple (1981), Howson (1972), and
Roman (1975). For a discussion of the extent to which such polymath
qualities are feasible in the modern world, at the same time being compatible.

with the demands put on the research mathematician, see Kline (1977, 1980).

10. Pedagogical perspectives.

Clearly the traditional approach to the teaching of undergraduate mathematics
will increasingly become subject to modification as the result of the
availability of computer aids. Structured learning is already available as a
means of self-paced instruction under the general title of "Keller Plan".
There are several modifications of this plan in current use, and the scheme
has proved to be an effective means of communicating service mathematics
material when it is allied to back-up facilities in the form of video taped
lectures and typed hand-outs. It has certain drawbacks in the proliferation

of new problem sheets which are required to ensure that real progress takes

place in successive years. It also suffers, in my view, from the fact that

it seems not to take into account a general behavioural trait, namely that
learning is not, at all levels of the taxonomy (or even at any of them) an
instantaneous process. At what level of skills is the Keller Plan working,
for example? Are other aspects of knowledge and understanding accumulating

with various time delays with the Keller Plan as with the traditional lecture

method?
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It has become standard practice in many institutions to give lectures in
mathematics to quite large groups and provide tutorial back-up in smaller
groups. That tutorial back-up usually consists of working of problem sheets °
together with individual attention; It would seem that micro-computer
networks have an increasingly large role to play in this area, for there
seems to be no reason why they should not be useful in providing
illustrations especially using the graphics facilities that they possess, or
in the demonstration of model solutions. What they cannot do, in my view, is
to teach concept, nor can they motivate, nor be capable of the surprise,

humour or timing that is the hallmark of the expert human communicator.

We are reluctant to accept that knowledge transfer is a multiply fuzzy
process, that is that the knowledge is inevitably fuzzy in conception prior
to transmission, then it is fuzzily transmitted and finally fuzzily
received. In the course of a lecture programme we witness several learning
phenomena at work. Depending on the cognitive level there are several
indices of delay; there are also cross-disciplinary effects of great sublety
by which just the flavour of one lecturer's approach in one discipline will

pay dividends in some unforseen way elsewhere.
In addition, there is enormous redundancy and overkill built into the
traditional lecture programme method of tuition, and that possibly accounts

for what seems to be its continuing success, or at least acceptability.

11. History of reforms in mathematics teaching.

: - = .
The year 1871 saw one of the great causes c€lebres of mathematical education

in full flow., The dispute arose between the ranks of the teachers of school
mathematics on the one hand and the scions of the University of Cambridge on

the other. In particular, on the school side, were members of the College of
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Preceptors, and, particularly, a formation called the Association for the
Improvement of Geometrical Teaching; on the University side such famous names

as Todhunter, Kelland and Dodgson.

What, then, was the argument about? It was about the balance between the
formality and rigour that University mathematicians demand in their version
of the mathematical disciplines, and the hands-on experience and plausibility

that school teachers judge to be essential in their role.

It is a dispute that recurs constantly at all levels of mathematics teaching,
from primary school course to undergraduate course, and it is one whose
intensity was to peak again in the era of the "modern mathematics"

controversy.

In 1871, as in 1969, University mathematicians somewhat arrogantly assumed
that they, and only they, knew what mathematics was really about, and they
tried to use their position as masters of the mathematical high ground to
deny others a say in the educational process. The Universities did not have
the argument all their own way, however, opposition was strong, not least at
the various thriving technical schools, both‘in London, and elsewhere. That
opposition would almost certainly have been reinforced by opinion in the
nation's premier military academies, for outstanding mathematics teachers and
text book writers were to be found at the Royal Military Academy (Woolwich),
the Royal Naval College (Greenwich), and the Royal Military College
(Sandhurst). These institutions were at the leading edge when it came to

instruction in the techniques and procedures of applicable mathematics. So,

too, in London, were the Cowper Street School, off City Road, and the Borough
Road school, and, outside the capital, the various northern Mechanical

Institutes, including the Manchester Institute.




=13
In 1969, the titles of "reformer'" and "traditionalist" were interchanged; the
proposers of reform were in the Universities, its opponents, such as they
were, in the schools. The issue, however, was the same, how to reconcile the

conflicting needs of rigorous mathematics and vocational mathematics.

"Mathematics is formal, logical.and wonderful" would say the reformers;
unable to deny this, prospective critics of the reform were muted. in their
opposition. Indeed, the educational difficulty that "modern mathematics"
provokes is only manifest when the reformers bring forth their next
implication: '"therefore we must teach it formally and logically in our

schools and universities."

To say that "mathematics is formal, logical and wonderful" is far less than
half the story. It is also intuitive, inventive and pragmatic. Its
acquisition is cumulative, but that accumulation is selective . Though it
is successful, its success is not capable of being complete . Though it
might have been thought once to be independent of experience, 1t seems now
more likely to be quasi-empirical. That prospect will have the greatest

possible effect on how it is taught, at all levels.

12, Quasi-empiricism: what is it?

Within the last twenty years, especially since the work of Lakatos, (1967,
1976, 1978) attention has been focused on mathematics AS IT IS not as
axiomatists have conceived that IT QUGHT TO BE. In Tymoczko (1986), there is
an extended critique of the platonist, logicist, formalist and intuitionist
positions, and the philosophical basis of mathematics is re-examined. The
extreme convolutions to which Hilbert, Russell and others were reduced in

their search for the perfect axiom system, which were shown to be vain by




Odel, WOULD HAVE MADE mathematics dry, automatic and computer generatable,
Fortunately, it is not dry, automatic and computer generatable, Byt what is

it, then?

Mathematics is as it is practised. It develops now as mathematicians have
always experienced its development, by generalization, specialization and
analogy, by cross-fertilization with physics, by conjecture and refﬁtation,

by abstraction, and by intuition tempered with rigour,

These facts about mathematical reality are not observable without some
appreciation of how mathematicians worked in the past, and this is nowhere
better illustrated than by George Polya in his article in Tymoczko (1986)

concerning I —%- 4 Euler guessed ar a result, but not wildly; he made
n=1

just the right guess, the one IN THE IDIOM OF MATHEMATICS. But the guess,

the conjecture, was not motivated from set theoretic foundations, nor with

formal logic. It was the way thar all mathematicians, at their most

Creative, work,

Tymoczko (1986) describes the field in which mathematicians work as
"mathematics without foundations". That i1s to say, the search for fim
foundations at a very deep level is vain. That did not stop Euler "doing

mathematics". Should it stop us? Of course not.

My own conception of mathematical activity is as work on a mosaic of
knowledge, never to be completed, and resting on somewhat spongey
“foundations“, but fascinating; and not only that, useful. Thus mathematics
cannot be divorced from experience, whether foundationist philosophers 1ike
it or not. Lakatos defines "quasi-empiricism" as follows:

the axioms or basic principles of the theory are the results of bold

Speculation that have survived the test of severe criticism, (Tymoczko,

1986) .
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Thus a theory stands UNTIL IT IS FALSIFIED.
Perhaps it is a little vague to talk of having "survived the test of severe

criticism'", but that seems to be the best that we can do.

We may perhaps look upon "severe criticism' as the operation of "rigour" in

the following way. Bold speculation leads, and if it misleads into error by
way of a proferred contradiction or counter example, then one of a succession’
of logical filters will indicate how and why. If the speculation is still

unexplained, and if it escapes all existing filters then we have to rethink
the position and design a new logical filter., The collection of logical

filters is called "rigour".

13. High ground v high peaks.

What is the best preparation for a university lecturer in mathematics? It is
tempting to assert that clearly, those with a good overview of what
mathematics is will be .the best teachers. It is then a short step to
asserting that there are certainly such persons around, and that they are
clearly research mathematicians, those who have the deepest knowledge of
certain aspects of mathematical theory and practice. I dispute this last
assertion. In two ways. Communication of some fund of knowledge requires
two, at least, ingredients, a fund of knowledge to communicate and the
ability to communicate it. The fund of knowledge is available to two
categories of academics, those who occupy the high peaks in the mathematical
landscape - the researchers, and those who occupy the high ground, what I
shall call scholars. Constituents of neither group are guaranteed an innate

ability to communicate well the material at their command, but the scholars

are more likely to want to do it.
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14, Assessment of teaching skills,

Following the foregoing discussions of what exactly is the practice of
mathematics and what are the various theoretical problems of communicating it
to others, there remains the problem of judging what is good communication
practice, and who achieves it and how? That matter is the subject of
Briginshaw and Newby (1987), which is submitted for publication elsewhere.
Briefly, that paper observes that ﬁathemacics is particularly difficult to
teach. The reasons for this are two-fold, and I have attempted to explain
them more fully in this Report. Firstly, the mathematical language has low
redundancy, and is not an easy vehicle for good communication; secondly,
mathematics operates at so many levels of cognition that the multiply fuzzy
ways in which mathematical knowledge is focused, transmitted and received are
an order of magnitude more complex than those for a non-scientific
discipline. Briginshaw and Newby (1987) conclude that a major input to the
assessment of the teaching of mathematics to undergraduates must be by way of
anonymous student questionnaire. They have therefore attempted to design a
model questionnaire which 1is both skill specific (i.e. 1t judges ability to

communicate) and subject specific (it focuses specifically on mathematics).
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GOALS FOR MATHEMATICS EDUCATION

1. To give the educated person a fund of mathematical analogies
and the ability to use them.

P To enable the educated person to further create mathematical
analogies for his own use when needed.

3. To enable the educated person to understand how and to what
effect mathematical analogies have been used significantly for
our civilization and our culture.

4. To enable the educated person to intelligently anticipate
directions, areas, ways in which mathematical analogies, new or
old, might have further significant effect for our civilization
and our culture.

The latter two are rexpression of Peter Hilton's dictum, that we
should "“strive to awaken in as many people as possible,
irrespective of their chosen vocation, an awareness of the nature
of our science, and its significance for our civilization,
material and spiritual.*

The 'analogies' mentioned in 1 through 4 above need not be
applications in the traditional sense; they may often have more
to do with the relationships between ideas than with sensed
reality; they may in fact be pure mathematics.

Jack V. Wales, Jr.
The Thacher School
Ojai, California
8/29/88
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MATHEMATICS AND ITS APPLICATION

When mathematics is taught using lots of applications and the
applicability of mathematics is emphasized (perhaps to the point
of becoming the guide and justification of mathematics
education), students are likely to come to believe that the
mathematics is "in" the worldly circumstances which are the focus
of the application at hand. Such a belief does not encourage the
investigation of the limitations of the application of
mathematics to the situation. Further, it is ground for coming
to see worldly reality as a mathematical edifice which must be
conquered, and oneself as feeble before it. It would be better
to teach that mathematics is the study of an independent, extant
reality; and that any application of mathematics is the
postulating of an analogy between a set of worldly circumstances
and a set of mathematical circumstances. Then the coincidence of
pattern is a cause for delight, and the limitations are expected,
even if they are not seen.

I wish here to argue that we mathematics teachers should not
feel that it is necessary to justify whatever mathematics we
teach by its applicability, and further that even the most
applicable mathematics should be presented as being worthy of
study independent of its applicability, not least because its
application will be done best when its independence is accepted.
By ‘'application' I mean not only the use of mathematical patterns
to increase control or predictive power in practical situations,
but also the use of mathematical patterns to increase
understanding in practical or impractical or even fantastical
situations.

When I was learning to fly, my instructors told me, "“The
throttle controls your altitude, the elevator controls your
speed, not the other way around."” I now believe that is a
distortion, but it was a very useful one. When one begins flying
an airplane, he has a natural tendency to believe that the
throttle controls the airplane's speed and the elevator makes the
plane go up or down. In fact, the situation is much more
complicated than that; and my instructors' dictum was
instrumental in my learning to use the two controls effectively.
I would use it today if I were to take the controls of an
airplane again.

I don't think the phenomenon of an idea being of good effect
even if it is a distortion is a particularly unusual one.
Another example might be the dictum, “There is no important
difference between men and women." Or, “When acting in a play by
Shakespeare, one should never give emphasis to a personal
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pronoun.* If those sentences are not true, acting as if they
were might nevertheless have good effects because they counteract
some deeply ingrained erroneous biases.

The idea I want to offer here is, I suspect, correct. Even
if it is not, however, acting as if it were would have good
effects. And so I want to present the idea here, examine some of
its consequences, and defend that complex consisting of the idea
and its consequences.

The idea is this: first, that mathematics is an account of
an extant reality that is independent of physical reality or
social reality; and second, that it is therefore appropriate to
understand applications of mathematics in various arenas as
analogies, analogies which often appear as metaphors.

I don't know, nor do I care, just what philosophical
position I am taking when I say that mathematics is an account of
an extant reality. The important point is that mathematical
truth is independent of human judgment. 29 is prime. 27 is not
prime. Those sentences are true not because I or any expert says
so, but because 29 is prime and 27 is pnot prime. That is just
the way they are. I don't know offhand whether forty-three times
sixty-seven is equal to fifty-one times sixty-one, but there is
no doubt that it either is or it isn't, independent of anything
anyone does or says. Mathematical truth is about the least
contingent truth around. Mathematical reality is there to be
discovered or observed.

At the same time, mathematics gives an account of logical
inevitability, not physical inevitability. “There is one
thing...of which a geometry is not a picture, and...that is the
so-called real world," says the famous mathematician, G. H.
Hardy. (1) No one can mathematically prove that the sun will
rise tomorrow or that it won't, that the stone will fall when
released, that closing the circuit will cause the light bulb to
come on, or whatever; physical reality may more or less coincide
with mathematical pattern, but it is not constrained by it. This
fact gives substance to the word 'unreasonable' in the title of
Eugene Wigner's essay, “"The Unreasonable Effectiveness of
Mathematics in the Natural Sciences.™ (2)

What, then, is the relationship between mathematics and,
say, physics? 1Is mathematics a language in which physics is
expressed, as is suggested by the title of Tobias Dantzig's book,

: i 2 (3) If I am right that
mathematics is an account of an extant reality, then it is
certainly more than a language. Perhaps mathematical symbolism
is a language, but the mathematical ideas, the mathematical
facts, expressed by the symbols are not mere language. Rather,
physics is a science which, among other things, makes analogies




between mathematical circumstances and physical circumstances.
If extent of spatial separation is like number, and this
particular spatial separation has an extent which we take to be
like the number 5, then that one has an extent which is like the
number 7, and furthermore, the two of them together constitute a
spatial separation the extent of which is like the number 12.
This is not a particularly unusual idea; mathematicians and
scientists often refer to mathematical "“models"™ of worldly
circumstances, by which they don't mean anything too different
from what I mean when I use the word 'analogy.'

Why, then, do I choose to use that somewhat unusual word?
Because the word 'analogy' tends to remind us of certain things
that the word 'model' does not. The important points are these:
any analogy has two parts or sides, and the extent of validity of
an analogy is always in question. (Note Wendell Berry's words,
quoted later in this paper.)

There are, roughly speaking, two kinds of analogy: explicit
and implicit, simile and metaphor. The literary critic Northrop
Frye observes,

In descriptive writing you have to be careful of
associative language. You'll find that [similel, or
likeness to something else, is very tricky to handle in
description, because the differences are as important
as the resemblances. As for metaphor, where you're
really saying “this jis that," you're turning your back
on logic and reason completely, because logically two
things can never be the same thing and still remain
two things....The motive for metaphor, according to
Wallace Stevens, is a desire to associate, and finally
to identify, the human mind with what goes on outside
it, because the only genuine joy you can have is in
those rare moments when you feel that although we may
know in part, as Paul says, we are also a part of what
we know. (4)

If application of mathematics is the making of analogies,
then in much of human knowledge, mathematics is (ironically, for
if mathematics is not logical, then nothing is) not a simile but
a metaphor, in fact an unconcious metaphor, a culturally
subconcious metaphor, for other sorts of reality.

Di :

The words left out by the ellipsis in the quote by Northrop
Frye are, '

The poet, however, uses these two crude, primitive,
archaic forms of thought in the most unhibited way,
because his job is not to describe nature, but to show
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you a world completely absorbed and Possessed by the
human mind. So he produces what Baudelaire called a
“suggestive magic including at the same time object and
subject, the world outside the artist and the artist
himself.* (5)

And when Frye mentions Wallace Stevens, he is referring to the
following poem by Stevens:

The Motive for Metaphor

You like it under the trees in autumn,

Because everything is half dead.

The wind moves like a cripple among the leaves
And repeats words without meaning.

In the same way, you were happy in spring,
With the half colors of quarter-things,

The slightly brighter sky, the melting clouds,
The single bird, the obscure moon--

The obscure moon lighting an obscure world

Of things that would never be quite expressed,
Where you yourself were never quite yourself
And did not want nor have to be,

Desiring the exhilarations of changes:
The motive for metaphor, shrinking from
The weight of primary noon,

The A B C of being,

The ruddy temper, the hammer

Of red and blue, the hard sound--

Steel against intimation--the sharp flash,
The vital, arrogant, fatal, dominant X.

Frye's contrast between “describing nature® and “showing a world
possessed by the human mind,* and Stevens's use of technical
symbols (A B C, X, weight, primary noon, temper, steel) for what
is shrunk from when one is motivated to metaphor, suggest that I
am off base, that the whole point of what the i

is the contrast between poet

“objective™ worlds de

But remember that Stevens's title is "The Motive for Metaphor.*
Is not science an (in some ways quite successful) attempt by the
human mind to absorb angd possess a world?

It is one of the ironies of
e of id i
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As I put the finishing touches on this essay, I am starting to
read a new book by the philosopher William Barrett, in which I
found this:

We note the extraordinary power and constructivity of
the human mind in producing the great edifice of modern
science. And yet, precisely here occurs one of the
supreme ironies of modern history: The structure that
most emphatically exhibits the power of mind
nevertheless leads to the denigration of the human
mind. The success of the physical sciences leads to
the attitude of scientific materialism, according to
which the mind becomes, in one way or another, merely
the passive plaything of material forces. The
offspring turns against its parent. We forget what we
should have learned from Kant: that the imprint of mind
is everywhere on the body of this science, and without
the founding power of mind it would not exist.

The irony here is not one that we can merely sit
back and enjoy aesthetically. This doubt of the mind,
in its actual consequences, in the lives of individuals
and societies, provides one of the ordeals that modern
civilization will have to go through. (6)

Return

Frye suggests earlier in his essay that as science moves from
data towards laws, it “moves toward imagination,™ it tends to
invoke mathematics, which, along with literature and music, is
(he says) a language of the imagination. “A highly developed
science and a highly developed art are very close together,
psychologically and otherwise." (7) Pursuit of mathematics is the
pursuit of understanding. (Henry Pollack has said that the
essence of science is the right to repeat an experiment, while
the essence of mathematics is the right to understand.(8))
Surely understanding is, in Frye's terms, the identification of
the human mind with something outside it, the attribution of
meaning to the coincidence of pattern. 1In the case of
applications of mathematics, meaning is often attributed to the
coincidence of mathematical patterns with patterns of worldly
circumstances. Carried along by the logical inevitability of
mathematics, undaunted by obscurities in the coincidence of the
patterns, users of mathematical applications can come to believe
that the mathematics is "in" the worldly circumstances. (9)
Understanding becomes “knowledge,"

; :

Scott Buchanan gives a more thorough account of this in his

book Poetry and Mathematics. Here are some relevant excerpts:

“Belief is the natural attitude of a thwarted mind. It
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arises from fatigue and confusion....For the most part
confusion is of two sorts, one involving symbols, and
the other metaphysical nostalgia, the tendency of
thought toward the absolute." (10)

For Buchanan, symbols are things (aesthetic objects) which point
to ideas (intellectual objects). He explains the confusion
involving symbols as follows:

The aesthetic properties of ceremony, formula, natural
processes are intimations of complex and profound
intellectual objects, but the difficulties of
intellectual clarification and discrimination leave the
mind in various attitudes of belief. For every
intellectual object, half-comprehended, there is an
aesthetic object before which we bow in more or less
deep reverence. Pure aesthetic contemplation and
complete intellectual clarity are seldom found in human
beings, and any middle ground is touched with credulity
and idolatry. (11)

As to the metaphysical nostalgia,

[a stage of mathematical discoveryl results when we can
see the relations holding between gualities....
Mathematical functions find elementary values in
qualities. Qualities find their relations in the
functions of mathematics. Whenever this happens, a
system is recognized, and it takes on a quasi-
independence and reality. Often the effect on the
thinker is a conviction. Belief attaches itself only
to such systems. The further expansions and the wider
assumptions are ignored and there is a resting point
for thought in a mathematico-poetic allegory. (12)

Of course, we are dealing here not with a disorder or
aberration in human thought processes, but with the very nature
of thought itself. Buchanan's account has some similarities with
this description by Ernst Cassirer:

[For the religious genius,] the power of his belief
first proves itself in being made public. He must
communicate his belief to others, he must fill them
with his own religious passion and fervor, in order to
be certain of his belief. This is possible only by
means of religious constructs--constructs which begin
as symbols and end as dogmas. Thus, even here, every
initial expression of feeling is already the beginning
of an alienation. It is the destiny and, in a sense,
the immanent tragedy of every spiritual form that it
can never overcome this inner tension; to extinguish it
is to extinguish the life of the spirit. For the life
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of the spirit consists is this very act of severing
what is whole in order that what has been severed may

be even more securely united. (13)

And, in Cassirer's view, this pattern runs deep. Later, but
talking about the same example, he says,

And so it is that here, too, we find the same
oscillation which sets in within all forms of culture
as they begin to take shapel,]...the ceaseless and
irresistible rhythm of life itself. (14)

Return

and that knowledge is passed from one human being to another,
often as subject matter in academic courses. And so we can see
how mathematical circumstances, which are intrinsically logical,
become illogically (but perhaps more or less appropriately)
identified with things they are not, namely worldly
circumstances.

Mathematics is often a tremendously effective metaphor,
“unreasonably effective," in Eugene Wigner's words. But there is
danger here. Essayist Wendell Berry, in his volume on culture
and agriculture in the United States, refers in passing to

...the model of the scientists and planners:... an
exclusive, narrowly defined ideal which affects
destructively whatever it does not include. (15)

Joseph Weizenbaum, a computer scientist and teacher of computer
science, speaks this message to his fellow computer science
teachers:

I...affirm that the computer is a powerful new metaphor
for helping us to understand many aspects of the world,
but that it enslaves the mind that has no other
metaphors and few other resources to call on. The
world is many things, and no single framework is large
enough to contain them all, neither that of man's
science nor that of his poetry, neither that of
calculating reason nor that of pure intuition. And
just as love of music does not suffice to enable one to
play the violin--one must also master the craft of the
instrument and of music itself--so is it not enough to
love humanity in order to help it survive. The
teacher's calling to teach his craft is therefore an
honorable one. But he must do more than that: he must
teach more than one metaphor, and he must teach more by
the example of his conduct than by what he writes on
the blackboard. He must teach the limitations of his
tools as well as their power. (16)
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Mathematics is, like the computer, a powerful metaphor. Unlike
the computer, i1t is not a new metaphor. Any metaphor can take on

excessive significance in a human imagination. Perhaps because
mathematics is not a new metaphor, we are inured to it a bit; but
that may just mean that we have lost the nervous uncertainty that
comes with venturing into new territory, but not seen enough
failure of the metaphor to undermine our credulity. Metaphor is
a wonderful thing, not at all to be scorned. Even if it were not
wonderful, it would probably be inevitable. (17) The motive for
metaphor is a glorious aspect of human nature. G. Spencer-Brown
observes, "That mathematics, in common with other art forms, can
lead us beyond ordinary existence, and can show us something of
the structure in which all creation hangs together, is no new
idea." (18) But we need not take away from the value of the
metaphor, or from the metaphorical experience, indeed we will
enhance them, if we keep in mind the question, “What are the
limits of this metaphor?"

If the application of mathematics is the construction of
analogy, whether simile or metaphor; and if we are to effectively
understand the limits of the analogy; then we must have some
understanding of each of the two things being compared, and that
understanding must be wider than what is immediately relevant to
the analogy. Hearing Macbeth say of Duncan,

After life's fitful fever he sleeps well, (19)

we bring to bear all our experience of life, fever, sleep, and
death; and if we did not know enough of sleep and death, of life
and fever, to know many ways in which they are not alike, as well
as ways in which they are, then the metaphors would not be as
rich and effective, the sentence not as beautiful, as they are.
Of course, at the same time, analogies broaden our experience,
deepen our understanding, give us new insights into the things
being compared; indeed, that is their very function.

What does all this mean for the teaching and learning of
mathematics? It means we should teach and learn mathematics
beyond that which is “relevant," that which appears explicitly in
applications of practical importance. The perennial students'
guestion, “When will we ever use this?" is a misguided question,
one to which we should not succumb. That is not to say that we
should refuse to answer it; but we should deny that the question
is determinative of what is important in a person's study of
mathematics. Mathematics is one side of a myriad of important
analogies; if we are to understand that side, then we must
understand, we must teach and learn, mathematics itself. (And,
of course, the study of mathematics itself has its own rewards,
quite apart from applicability. Alfred North Whitehead describes
the pursuit of mathematics as "a divine madness of the human
spirit, a refuge from the goading urgency of contingent
happenings.* (20) Hardy says, “Real mathematics...must be
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justified as art if it can be justified at all."* (21) Scott
Buchanan observes, “The structures with which mathematics deals
are more like lace, the leaves of trees, and the play of light
and shadow on a meadow or a human face, than they are like
buildings and machines, the least of their representatives.™
(22)) Knowledge of calculus has vocational value for engineers
and others, but its value is increased by deep understanding of
the mathematical theory of calculus; knowledge of statistics is
perhaps necessary for informed citizenship; knowledge of
arithmetic has survival value; knowledge of number theory may
have none of these, but it strengthens one's understanding of
mathematics as an independent reality which is in some of its
facets analogous to some facets of other kinds of reality. (23)

It also means that we should resist, and teach our students
to resist, any tendency to neglect those aspects of other sorts
of reality that do not fit into those analogies with mathematical
reality that we call applications. We should in fact look for
them. We should seek to understand the limitations of our
analogies, and we will understand them better if we know what is
beyond them, on both sides. We will be the richer for knowing
what of mathematical reality does not fit the physical
circumstances, and what of physical reality does not fit the
mathematical circumstances, of whatever mathematical application
we are dealing with.

We should, in short, let mathematics be, just as other
disciplines are, the pursuit of ways of seeing, the pursuit of
visions. We should teach our students to look for mathematical
analogies, to delight in them when they find them, to stretch
them and test them and savor them, but not to be consumed by them
lest they, we, suffer the fate of all tragic heroes. (24) We
will lay the proper foundation if we teach them mathematics
itself, as independent, extant reality, whose “applications" are
in fact analogies which often appear as metaphors.

Jack V. Wales, Jr.
The Thacher School
Ojai, California
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(23) Buchanan makes several comments relevant to mathematical
pedagogy. Here is one that relates to the use of mathematical
applications in the classroom:

Mathematics is not a compendium of memorizable formula
and magically manipulated figures. Sometimes it uses
formulae and manipulates figures, but it does this
because it is concerned with ideas already familiar to
the ordinary mind, but needing special sets of words or
symbols for the sake of precise expression and
efficient communication. Further, the abstraction

thus signalized, which most people from bad emotional
habits fear, is actually much more familiar to the
untrained mind than any observed facts could possibly
be. Abstract ideas are of the very tissue of the human
mind. For this reason and for many others,
illustration of mathematics by concrete event, fact, or
object is never as effective as illustration by equally
abstract analogous ideas.

Ibid, pp. 35-6. Of course, in this passage Buchanan is speaking

of the use of the concrete to illustrate mathematics, rather than
the use of mathematics to explain the concrete.
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(24) I have heard attributed to Mark Twain the remark,

"It ain't
what people don't know that causes all the trouble,
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Dear Professor

Over a number of years by now, I have had a growing feeling of unease about
the ways of science in the West, especially in the case of academic hard science.

It happened that during the last year, I have on several occasions been asked to
express my views in writing on certain issues concerning science management. These
were reports of about half a dozen pages, which after a while, gave me the feeling

of being hopelessly scattered across the wider and deeper ranges of issues affecting
present day science.

As a consequence, during the Christmas and New Year holiday - which here is the
long, summer vacation - I could no longer help it and had to get the issue out of
my mind, as if once and for all ...

The enclosed 93 pages followed ...

I am circulating the essay within a smaller circle of academics and a few other
persons whose interests may include the state and development of science.

Since the USA happens to concentrate by far the most of the present day Western
hard science, the essay may have the Americans as the main public.

In case you may find it of sufficient interest to read the essay, I would be most
grateful for your possible comments.

To the extent that it may be appropriate to try to publish the essay, I would
most appreciate suggestions for possible publishers who would be best placed
from the point of view of the American public.

With best regards and wishes

Yours sincerely

Prof Elemér E Rosinger

Department of Mathematics and Applied Mathematics
University of Pretoria

0002 PRETORIA

Republic of South Africa




TRANSPARADIGM MATHEMATICS RESEARCH INITIATIVE (TMRI)

Present Trends and Alternatives

In their scientific research activity, humans face the unknown,
in an attempt to bring ever more of it into the known.

In many of its essential moments, that encounter between us
humans and the unknown does rather take place on the terms of the
unknown than on ours.

Concerning our terms in facing the unknown, two aspects are
paramount : our presently available knowledge and our future
shorter or longer time interests. Both of these can, and in fact
do strongly influence the outcome of our encounter with the
unknown, not seldom through the limitations they impose on our
capabilities, or perspective and vision, as well as on our
subsequent approaches.

In contrast with recent past times, when for several decades we
witnessed a spectacular expansion and deepening of scientific
research achievements, during the last decade or two one can note
signs of a slowdown if not stagnation, which appear to be
intrrelated with the lately emerging social, economic, political,
etc., trends.

Remedial actions, undertaken occasionally and on a rather limited
scale in view of the recent budgetary constraints, tend to be
motivated by economic or defense interests of specific and
shorter term nature.

It is in this way that in facing the unknown, we increasingly
tend to impose upon that encounter our interest dictated terms.
The main instrument to emerge for that purpose is the so called
'science management', which is supposed to run all scientific
research and every researcher, with the aim of maximizing certain
specific, shorter term economic or defense benefits, by using
tools such as the selective distribution of scarce research
funding.

Such an approach can often show a success when considered on its
own terms alone, yet its longer time effects on our encounter
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with the unknown could be dramatically negative. Indeed, that
approach is rather concerned with drawing upon some of the
existing resources of science and research scientists, while with
respect to the rest - in particular, fundamental research, or
scientific scholarship - it exhibits a significantly lower
interest and attention.

But above all, the present ways of science management prove to be
incapable of understanding that, in facing the unknown, we cannot
beyond certain limits 'manage' the terms of that encounter, least
of all determine or dictate them, without endangering the whole
of the scientific research venture.

We should indeed remember that the unknown is after all

unknown

Moreover, our ways to it will essentially remain unknown.
Therefore, these ways can only be in part dictated by any of our
own terms.

And it is an essential necessary condition that we are - and
remain - sufficiently open to the terms of the unknown, terms
wich themselves are never fully known and have to be found out
continuously.

This is precisely why freedom of research - in particular,
academic freedom - is an essential necessary condition in facing
the unknown, since it alone can give us a chance to avoid the
full imposition of our terms upon that encounter.

The novelty of the present situation is that science management
comes to add a new term - namely, that of our various intersts -
to the earlier, traditional term which has always been defined by
the limits of our existing knowledge.

The extent to which scientific research has suffered over the
ages from the limitations of the existing knowledge,
understanding and set ways of thinking is well documented in the
history of science.

A rather uniquely important and detailed study of that phenomenon
was presented by Thomas S Kuhn in his 1962 book on 'The Structure
of Scientific Revolutions', hailed at the time as '... a landmark
in intellectual history ...'. Based on an impressive historical
evidence, Kuhn shows the shocking fact that science, during its
usual development, tends to fall into various 'paradigmatic
traps'. In other words, scientists - and most likely the leading
ones, who have worked for long in a given field and can impose
their point of view - will get into certain habits of thinking
which will inevitably and strongly precondition their way of
facing the unknown. And rather as a rule, once a field of science
gets settled into such a 'paradigm', it has a strong and long
lasting tendency to stay there. Moreover, the way out can usually
occur only through a 'scientific revolution' in the given field,
brought about by a new 'paradigm' which manages to emerge, and
against the domination of the old one, happens to be taken up by
a sufficient number of younger scientists.




That traditional term defined by our given 'paradigms', and
imposed by us on our encounter with the unknown, has proved
historically to be sufficient in order to cause quite a bumpy
ride along the dynamics of science, which has been punctuated by
occasional 'scientific revolutions' coming to upset the given
establishment of various ruling 'paradigms'.

By adding to that traditional dynamics of science the novelty of
present day science management, we risk the major danger of
staying in our 'paradigmatic traps' indefinitely.

Indeed, present day science management imposes an early and
narrow specialization on researchers, prevents the emergence of
science scholars with a wider and deeper understanding of related
fields, subjects researchers to the short term pressures of
'publish or perish' and attaches various strings to research
funding. In this way, we risk to have 'pacified' science once and
for all, by eliminating any chance for future 'scientific
revolutions'.

Certainly, the sheer emergence of any new 'paradigm' requires the
development of a whole new system of ideas, which can only be
accomplished by a research scientist who does not suffer from
narrow specialization and can afford to consecrate quite a number
of his or her most creative years to deeper and wider thinking,
wondering and experimentation. Such a research scientist has to
be free from undue concern with the hectic pressures of 'publish
or perish', the strings attached to research funding, or the
worries of promotion, tenure, etc.

It is essential to remember that, one of the most important
powers of science comes precisely from the insights offered by
the truly new and fundamental systems of ideas.

Paradigm bound research on the other hand, rather resembles
learning a given, complicated game, and then playing it
successfully with similarly trained top class competitors. Such a
research can therefore hardly lead to more than adding new,
better ways of playing within some rather fixed rules. Certainly,
it will hardly lead to more, under the conditions imposed by
present day science management.

The alternative however should not be sought in a return to the
traditional science dynamics with its rather bumpy ways, in which
essentially new contributions can only come as if against the
system, after succeeding in 'scientific revolutions'.

The deficiency of that traditional dynamics of science has been
that in its development, the 'main line' has so often become the
'only line' for peer recognition and appreciation, therefore
creating a kind of totalitarian pressure upon science researchers
dependent on public scientific opinion. Fortunately, 'scientific
revolutions' could nevertheless occur now and then within that
traditional way, and the 'paradigmatic' limitations of science
were rather inner, own affairs, and were run accordingly, even if
they led to oscillations between established and revolutionary
periods. Today however, when few research scientists are of
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independent financial means, the mentioned, or any other kind of
totalitarian pressures can only be felt stronger.

Since present day science management has been added to the
traditional dynamics of science, it seems as if we risk the
danger that the 'only line' which is decided upon by that
management may as well become the 'main line' in scientific
research. In other words, a completely outside decision process
is being substituted for the traditional inner dynamics of
science, leading thus to the possibility of a significant
strengthening of earlier 'one track', totalitarian type
pressures, with the consequent increase in the danger of staying
indefinitely in 'paradigmatic traps'.

Indeed, present day science management has doubly handicapped our
relationship with the unknown.

Fistly, it has imposed upon research and researchers the terms of
economic or defense interests, and is doing so more and more, to
the exclusion of other considerations.

Secondly, it completely fails to be aware of - least of all
address - the traditional danger of 'paradigmatic stagnation',
danger which is reaching particularly high levels as a
consequence of the mentioned first handicap.

Since the 'main line' or 'only line' tendencies 'from the above'
may to a good extent be inevitable and may stay with us in the
future, one of the possible corrective actions seems to be the
setting up of grass root 'parallel lines'.

Namely, it appears that our critically important priority is not
only to avoid indefinite stagnation in 'paradigmatic traps', but
to go beyond the traditional bumpy dynamics of science as well.
For that, we should devise ways and means by which we can not
only avoid the negative consequences of the conflict between
'established' and 'emerging' paradigms, but we can in fact
promote a rather continuous flow of ideas, which aim to bring
about viable candidates for new and emerging paradigms. And
precisely to the extent that the present day 'main' or 'only'
lines cannot accommodate such a venture, certain 'parallel' lines
may prove to be useful.

It should be noted that such a venture, if possible at all, seems
to be particularly easier to accomplish in the case of research
in mathematics, which as is well known, requires the lowest
funding among hard sciences, unless the massive use of main frame
computers is involved.

It should also be noted, and strongly emphasized that, even if
for a longer time, that venture is to be confined to mathematics
research alone, it is nevertheless most likely that its positive
effects may go much beyond and reach into various other sciences.
Indeed, we should only remember for instance the celebrated 1960
paper of the Nobel Prize winner physicist Eugene P Wigner on 'The
Unreasonable Effectiveness of Mathematics in Natural Sciences'...




An Offer

Let us establish a network which as a first step, offers every
interested mathematician the following services free of charge

- lists of authors in various fields of mathematics with -
transparadigm research ideas, developed in various stages, up
to completed, published or unpublished papers,

sufficiently detailed abstracts of such ideas,

lists of research mathematicians who exprss their interest in
specific such ideas,

information on poster sessions presenting such ideas at
conferences and symposia,

information on newsletters consecrated in part or as a whole to
such ideas.

A network of that type does not need a centralized organization
or administration, therefore it does not need funding. In fact,
such a network should not even become centralized. And
fortunately, it could hardly attempt to become so, in view of the
fact that it only offers individuals information which cannot be
monopolized.

Moreover, such a network can be started, restarted, expanded,
etc., from the grass roots, by any number of interested
individual research mathematicians.

It only requires the individual's use of the presently widespread
and outstanding mathematics word processors, as well as minimal
expenses connected with photocopying and mail.

However, it can offer the individual research mathematician a
multiplicity of possibilities and potentialities which were never
before available :

It can encourage, motivate and sustain his or her truly free
research thinking, which so far, one would seldom dare to indulge
in even as an intellectual hoby.

It can propagate his or her respective ideas among many possibly
interested people, who would otherwise may remain unknonw to him
or her. The eventual reactions may be particularly beneficial,
enlightening or both.

It can present a mathematician with a range of unusual and
surprising ideas from different fields, and offer the connection
with their authors. It can in this way help in going beyond
excessive narrow interests and specialization.,

And on the whole, it may usher in a new spirit in mathematics
research, and subsequently, in other sciences as well.




Proposal for a Motto

If you happen to have nothing better to do, choose a
mathematical paradox, try to understand what is involved in it,
and have a go along one of the possible ways out ...

. Good luck to you for you next paradox ..

A Personal Request

If and when you may decide to give the above a try, please, be so
very kind and place me on your mailing list.
I do most strongly promise to do the same for you.

Many thanks for your kind attention,

With very best regards and wishes,

Yours most sincerely,

Prof. Elemer E Rosinger
Department of Mathematics
University of Pretoria
Pretoria

0002 South Africa
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