
DOCUMENT RESUME

ED 380 285
SE 055 913

TITLE National Conference on Diversity in the Scientific

and Technological Workforce. Conference Proceedings

(3rd, Washington, D.C., September 29-October 1,

1994).

INSTITUTION National Science Foundation, Washington, DC.

Directorate for Education and Human Resources.

REPORT NO NSF-95-3

PUB DATE Sep 94

NOTE 196p.

PUB TYPE Collected Works Conference Proceedings (021)

EDRS PRICE MF01/PC08 Plus Postage.

DESCRIPTORS Awards; Educational Change; *Educational

Opportunities; Elementary Secondary Education;

*Employment Opportunities; Federal Programs;
Financial Support; Higher Education; Human Resources;

*Minority Groups; *Research Opportunities; *Science

Education; *Technology Education

IDENTIFIERS *National Science Foundation

ABSTRACT
The conference served as a platform for presenting

and discussing the National Science Foundation (NSF) action plan to

increase the participation of minorities in the scientific and

technological workforce. A broad group of issues related to

conference objectives was discussed in a national videoconference.

More than 300 students from elementary to graduate school who

participated in NSF-sponsored research activities presented their

research in panel and poster sessions (abstracts of all student

presentations are available in a separate document). This report

includes speeches by national leaders in the field of science and

technology education and the award presentations. Included are a

transcript of the national videoconference discussion; remarks from

the forums and workshops (including the forum on undergraduate

education, student forum, and directorate workshops on education

activities); and the award-winning research papers in the precollege.

undergraduate, and graduate categories. The appendices contain the

conference program, a list of conference attendees, and a list of

exhibitors. (LZ)

****************************************7 7 C*A*M.A****************

Reproductions supplied by EDRS are the best that can be made

from the original document.
***********************************************************************



THI NATIONAL CONFERENCE ON
D ERSITY THE SCIENTIFIC D

TEC OLOGICAL OR ORCE

September 29 - October 1, 1994
Omni Shoreham Hotel

W gton, D.C.

U.S. DEPARTMENT OP EDUCATION
Office of Educational Research and improvement

E ATIONAL RESOURCES INFORMATION
CENTER (ERIC)

T is document bus been reprOduCeO as
recetverd from the person Or Orgentzetton
Oricunating 11

O Minor changes have been made to improve
reproduction quality

Pomts Of view or opinions stated in this docu
ment do not necessarily represent official
OE ni Mutton Or policy

BEST COPY AVAILABLE
NATIONAL SCIENCE FOUNDATION



National Conference on Diversity in the Scientific and Technological Workforce

National Advisory Committee

Neal Lane
Director
National Science Foundation

Luther S. Williams
Assistant Director
Directorate for Education and

Human Resources
National Science Foundation

Bruce M. Alberts
President
National Academy of Sciences

Eugene H. Cota-Robles
Consultant to the Director
National Science Foundation

Marvin Druger
President
National Science Teachers

Association

Virginia R. Ferris
Executive Committee
Phi Beta Kappa and
Professor of Entomology
Purdue University

Diana Garcia Prichard
Research Scientist
Eastman Kodak Company

Peter H. Gerber
Director, Education Programs
MacArthur Foundation

John H. Gibbons
Assistant to the President

for Science and Technology
and Director, Office of
Science and Technology Policy

Fredrick A. Humphries
President
Florida A&M University

J. Robert Kerrey
United States Senator

Shirley M. Malcom
National Science Board Member
and
Head, Directorate for Education

and Human Resources Programs
American Association for the

Advancement of Science

Barbara A. Mikulski
United States Senator

Jaime Oaxaca
National Science Board Member
and
Vice Chairman
Coronado Communications

Corporation

Clifton A. Poodry
Director
MORE Programs Branch
National Institute of General

Medical Sciences
National Institutes of Health

James L. Powell
National Science Board Member
and
President and CEO
Los Angeles County Natural

History Museum

Anne S. Pruitt
National Science Foundation
Committee on Equal Opportunities

in Science and Engineering and
Dean In Residence
Council of Graduate Schools

Richard W. Riley
Secretary
U.S. Department of Education

John Ruffin
Associate Director for Research

on Minority Health
National Institutes of Health

Terry Cornwell Rumsey
Director
Office of Science Education &

Technical Information
Department of Energy

Calvin H. Smith
Deputy Superintendent
Cincinnati Public Schools

Louis Stokes
United States Congressman

Esteban E. Torres
United States Congressman

Cover Concept: Toni Poe, Black College Satellite Network

3



THIRD NATIONAL CONFERENCE ON
DIVERSITY IN THE SCIENTIFIC

AND TECHNOLOGICAL WORKFORCE

September 29 October 1, 1994
Omni Shoreham Hotel

Washington, D.C.

CONFERENCE PROCEEDINGS

National Science Foundation
Directorate for Education and

Human Resources



STIS
The Science & Technology Information System (STIS)

at the National Science Foundation

What is STIS?
STIS is an electronic dissemination system that provides fast,
easy access to National Science Foundation (NSF) publications.
There is no cost to you except for possible long-distance phone
charges. The service is available 24 hours a day, except for brief
weekly maintenance periods.

What Publications are Available?
Publications currently available include:

The NSF Bulletin
III Program announcements and "Dear Colleague" letters
II General publications and reports
III Press releases, Other NSF news items
III NSF organizational and alphabetical phone directories
II NSF vacancy announcements

Award abstracts (1989-now)

Our goal is for all printed publications to be available electronically.

Access Methods
There are many ways to access STIS. Choose the method that
meets your needs and, the communication facilities you have
available.

Electronic Documents Via E-Mail. If you have access to Internet
e-mail, you can send a specially formatted message, and the docu-
ment you request will be automatically returned to you via e-mail.

Anonymous FTP. Internet users who are familiar with this file
transfer method can quickly and easily transfer STIS documents
to their local system for browsing and printing.

On-Line STIS. If you have a VT100 emulator and an Internet
connection or a modem, you can log on to the on-line system. The
on-line system features full-text search and retrieval software to
help you locate the documents and award abstracts that ale of
interest to you. Once you locate a document, you can browse
through it on-line or download it using the Kermit protocol or
request that it be mailed to you.

Direct You can request that STIS keep you informed, via
e-mail, of all new documents on STIS. You can elect to get either
a summary or the full text of new documents.

Internet Gopher and WAIS. If your campus has access to these
Internet information resources, you can use your local client soft-
ware to search and download NSF publications. If you have the
capability, it is the easiest way to access STIS.

Getting Started with Documents Via E-Mail
Send a message to the Internet address stisserv@risf.gov. The text
of the message should be as follows (the Subject line is ignored):

get index

You will receive a list of all the documents on STIS and instruc-
tions for retrieving them. Please note that all requests for electron-
ic documents should be sent to stisserv, as shown above.
Requests for printed publications should be sent to
pubs@nsf.gov.

Getting Started with Anonymous FTP
FTP to stis.nsf.gov. Enter anonymous for the usemame, and your E-
mail address for the password. Retrieve the file "index". This con-
tains a list of the files available on STIS and additional instructions.

Getting Started with The On-Line System
If you are on the Internet: telnet stis.nsf.gov. At the login
prompt, enter public.

If you are dialing in with a modem: Choose 1200, 2400, or
9600 baud, 7-E-1. Dial (703) 306-0212 or (703) 306-0213

When connected, press Enter. At the login prompt, enter public.

Getting Started with Direct E-Mail
Send an E-mail message to the Internet address stisserv@nsf.gov.
Put the following in the text:

get stisdirm

You will receive instructions for this service.

Getting Started with Gopher and WAIS
The NSF Gopher server is on port 70 of stis.nsf.gov. The WAIS
server is also on stis.nsf.gov. You can get the ".src" file from the
"Directory of Servers" at quake.think.com. For further informa-
tion contact your local computer support organization.

For Additional Assistance Contact:
E-mail: stis@nsfgov (Internet)

Phone: (703) 306-0214 (voice mail)

TDD: (703) 306-0090

5 NSF 94-4
(Replaces NSF 91-10)



emu dxpo gut,
dxop auto auoi the N$,:r Laeyo aoiou

auto avOg bty0 MRS
avO: bay° mnsu limy(

avoi tlayo mail, lelyr

Volume XXX
Number 00 September 21, 1995

Coming Event
4th ANNUAL NATIONAL CONFERENCE

ON DIVERSITY IN THE SCIENTIFIC
AND TECHNOLOGICAL WORKFORCE

Washington Hilton
September 21-23, 1995

Washington, D.C.

Featuring

Student Research
Presentations

Laeyo aoiou dxpo quto auoi bx
aoiou dxpo guto auoi bxgo. Pxrn
dxop quto auoi. Dtnsti pxrnxo bz
quto. Cmbent dtnsti pxmxo bzny
cmbent dtnsti pxrnxo. Dxpo qu
cmbent dtnsti. Aoiou dxpo quto
Laeyo aoiou dxpo auto avoi bxyo
mnstr. Bxny cmbent cluistt pxrnxo
xo bzny =bent dtnsti. Bxyo mns
ny cmbent. Avot bxno mnstr laey
Quto avoi bxyo mnstr laeyo aoiou
to avoi bxyo mnstr laeyo aoiou.
avoi bxyo mnstr laeyo. Dtnsti pxr
mnstr. Bzny cmbent dtnsti pxrnxo.
Laeyo aoiou dxpo quto auoi bxyo
aoiou dxpo guto auoi bxgo. Pxrn
dxop auto auoi. Dtnstt pxrnxo bz
quto. Cmbent dtnsti pxrnxo bzny.
cmbent dtnsti pxrnxo. Dxpo qut
cmbent dtnsti. Aoiou dxpo quto
mnstr. Bxny cmbent dtnsti pxrnxo
xo bzny cmbent dtnsti. Bxyo mnst
ny cmbent. Ayr), bxno mnstr lacy
Quto avot bxyo ninstr laeyo aoiou
to avot bxyo mnstr laeyo aoiou.
avot bxvo mnstr laeyo. Dtnsti pxr

FIGURE 5

nttorerl trans, eremeIrt. MORRO omen,
enhanCeR mutat Retort.a

Laeyo aoiou Dxpo quto auoi bx
aoiou dxpo guto auoi bxgo. Pxrn
dxop auto auoi. Dtnsti pxrnxo bz
quto. Cmbent dtnsti pxmxo bzny
cmbent dtnsti pxrnxo. Dxpo qu
cmbent dtnsti. Aoiou dxpo quto
Limey° aoiou dxpo quto avoi bxyo

Education
Leadership Awards

Quto avoi bxyo mnstr Laeyo aot
avot bxyo mnstr laeyo aoiou. Px
avot bxyo mnstr laeyo. Dtnsti pxr
aoiou dxpo guto auoi bxgo. Pxrn
dxop auto auoi. Dtnsti pxrnxo bz
quto. Cmbent clinst pxmxo bzny
crnbeht dtnsti pxmxo. Dxpo qu
cmbent dtnsti. Aoiou dxpo quto
Laeyo aoiou dxpo quto avoi bxyo
xo bzny cmbent dtnsti. Bxyo mns
ny cmbe,it. Avoi bxno mnstr laev
. Quto avot bxyo mnstr laeyo ao
to avot bxyo mnstr laeyo aoiou.
avot bxyo mnstr laeyo. Dtnsti pxr
mnstr. Bzny cmbent dtnsti pxrnxo
Laeyo aoiou dxpo quto auoi bxyo
aoiou dxpo guto auoi bxgo. Pxrn
dxop auto auoi. Dtnsti pxrnxo bz.
quto. Cmbent dtnsti pxrnxo bzny.
cmbent dtnsti pxrnxo. Dxpo qut
cmbent dtnsti. Aoiou dxpo quto
Laeyo aoiou dxpo quto avot bxyo
aoiou dxpo guto auoi bxgo. Pxrn
dxop auto auoi. Dtnsti pxrnxo bz.
quto. Cmbent dtnsti pxrnxo bzny.
cmbent dtnsti pxrnxo. Dxpo Out
cmbent dumb. Aoiou Dxpo auto
Laeyo aoiou dxpo quto avoi bxyo
aoiou dxpo guto auoi bxgo. Pxrn

MAN.... 1

Research Symposia

auto. Cmbent dtnsti pxmxo bzny.
cmbent dtnsti pxrnxo. Dxpo qut
cmbent dtnsti. Aoiou dxpo auto
mnstr. Bxny cmbent dtnsti pxrnxo
xo bzny cmbent cltnsti. Bxyo most
ny cmbent. Avoi bxno mnstr lacy

Quto avoi bxyo mnstr laeyo aot
avot bxyo mnst:' !aeyo aoiou. Px
avoi bxyo mnstr laeyo. Dtnsti pxr
aoiou dxpo guto auoi bxgo. Pxrn
dxop auto swot. Dtnsti pxrnxo bz
auto. Cmbent dtnsti pxmxo bzny
cmbent dtnsti pxrnxo. Dxpo qu
cmbent dtnsti. Aoiou dxpo quto
Laeyo emu dxpo auto avoi bxyo
xo bzny cmbent dtnsti. Bxyo mns
ny unbent. Avoi bxno mnstr laey
. Quto avoi bxyo mnstr laeyo ao
to avoi bxyo mnstr laeyo emu.

Speakers: National S&T Leaders

::otou dxpo guto sum bxgo. Pxrn
dxop auto auoi. Dtnsti pxrnxo bz
quto. Cmbent climb pxrnxo bzny.
cmbent dtnsti pxrnxo. Dxpo qut
cmbent dtnsti. Aoiou dxpo quto
Laeyo aoiou dxpo quto avot bxyo

Lisp aoiou dxpo auto auoi bx
emu dxpo guto auoi bxgo. Pxrn
dxop auto auoi. Dtnstt pxrnxo bz
auto. Cmbent dtnsti pxmxo bzny
cmbent dtnsti pxrnxo. Oxpo qu
cmbent dtnsti. Aoiou dxpo quto
Laeyo aoiou dxpo quto avot bxyo
mnstr. Bxny cmbent dtnsti pxrnxo
mnstr. Bznv cmbent dtnsti pxrnxo.
Laeyo aoiou dxpo auto auoi bxyo
aoiou dxpo guto auoi bxgo. Pxrn
dxop auto auoi. Dtnsti pxrnxo bz

auto. Cmbent citnsti pxrnxo bzny.
cmbent dtnsti pxrnxo. Dxpo qut
cmbent dtnsti. Aoiou dxpo auto
Laeyo aoiou dxpo auto avoi bxyo
aoiou dxpo guto auoi bxgo. Pxrn
dxop auto swot. Dtnsti pxrnxo bz
quto. Cmbent dtnsti pxrnxo bzny.
cmbent dtnsti pxrnxo. Dxpo qut
cmbent Otnsb. Aoiou dxpo auto
Laevo *mu dxpo auto alibi bxyo
aoiou dxpo guto auorbxgo Pxrn
dxop auto auoi. Dtnsti pxrnxo bz
quto. Cmbent dtnsti pxmx0 bzny.
cmbent dtnsti pxrnxo. Dxpo qut
cmbent dtnsti. Aoiou dxpo quto
mnstr. Bxny cmbent dtnsti pxrnxo
xo bzny cmbent dtnsti. Bxyo most
ny cmbent. Avot bxno mnstr lacy

National Video-
Conference

Laeyo aoiou dxpo auto auoi bx
aoiou dxpo guto auoi bxgo. Pxrn
dxop auto auoi. Dtnsti pxrnxo bz
quto. Cmbent dtnsti pxmxo bzny
cmbent dtnsti pxrnxo. Dxpo qu
cmbent dtnsti. Aoiou dxpo quto
Laeyo aoiou dxpo quto avoi bxyo
mnstr. Bxny cmbent dtnsti pxrnxo
xo bzny cmbent dtnsti. Bxyo mns
ny cmbent. Avot bxno mnstr laey
Quto avoi bxyo mnstr laeyo aoiou
to am bxyo mnstr laeyo emu.
avoi bxyo mnstr laeyo. Dtnsti pxr
mnstr. Bzny cmbent dtnsti pxrnxo
Laeyo aoiou dxpo quto auoi bxyo
aoiou dxpo guto auoi bxgo. Pxrn
dxop auto auoi. Dtnsti pxrnxo bz
auto. Cmbent dtnsti pxrnxo bzny.
cmbent dtnsti pxrnxo. Dxpo qut
cmbent dtnsti. Aoiou clxpo quto
mnstr. Bxny cmbent dtnsti pxmxo
xo bzny cmbent dtnsti. Bxyo must
ny cmbent. Avoi bxno mnstr lacy

Workshops
& Forums

Quto avoi bxyo mnstr laeyo aot
arm bxyo mnstr laeyo aoiou Px
avot bxyo mnstr laeyo. Dtnsti oxr
aoiou dxpo guto auoi bxgo. Pxrn
dxop auto auoi. Dtnstt pxrnxo bz
quto. Cmbent cltnsti pxmxo bzny
cmbent dtnst: pxrnxo. Dxpo qu
cmbent cltnstt. Aoiou dxpo auto
..aeyo aoiou dxpo quto avot bxyo
xo bzny cmbent dtnsti. Bxyo mns
ny cmbent. Avot bxno mnstr laey
. Quto avot bxyo mnstr Iseyo ao

to avoi bxyo mnstr laeyo emu.
oAxq tone omb odxp name oAtiel
oinb odxp notoy Itsulo tuaciwo

int) odxa oxturd usuIP tuacRuo
dxop quto auoi. Dtnsb pxrnxo DZ
auto. Cmbent dtnsti pxmxo bzny.
cmbent dtnsti pxrnxo. Dxpo qut
cmbent dtnsti. Aoiou dxpo auto
Laeyo aoiou Oxpo quto avot bxyo
aoiou dxpo guto auoi bxgo. Pxrn
dxop quto auoi. CAM' pxrnxo bz
auto. Cmbent dtnsti pxrnxo bzny.

ti

FOR INFORMATION CALL 1-800 428-2189



THE VICE PRESIDENT
WASHINGTON

September 30, 1994

Diversity in the Scientific and
Technological Workforce

Third National Conference
Washington, D.C.

Dear Friends:

I am pleased to have this opportunity to send my personal
greetings to everyone participating in the Third National
Conference for Diversity in the Scientific and Technological

Workforce. In particular, I want to commend the National Science

Foundation for its leadership in the nation's effort to increase

participation in this field.

We rapidly are approaching Workforce 2000, a workforce
comprised of the many and diverse groups that make up our

society. Traditionally, minority participation in the scientific

and technological fields has been dismally low. To increase the
participation of minorities, it is important that we address

these issues through forums such as the Congressional Roundtable
Teleconference that you are conducting today.

Please accept my congratulations and thanks for the efforts

all of you are making to increase minority representation in
science, mathematics, engineering, and technology education.
This Administration shares your vision of true diversity in the

scientific and technological workforce.

AG/wem

Sincerely,

Al Gore

PRINTED ON RECYCLED PAPER
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INTRODUCTION

The National Science Foundation (NSF) Directorate for Education and Human Resources
(EHR) sponsored the Third National Conference on Diversity in the Scientific and Thchnolog-
lea! Workforce from September 29 through October 1, 1994, at the Omni Shoreham Hotel in

Washington, D.C. The conferenceattended by more than 1.900 persons from the academic, corporate,and government sectorsserved as a platform for presenting and discussing the NSF action plan to
increase the participation of minorities in the scientific and technological workforce. The action plan
was initially formulated at the 1992 diversity conference, and reviewed at the 1993 conference. Presen-
tation of the plan, at this conference, was followed by sessions to gather feedback from participants on
implementation strategies. The resulting plan will he published as a separate document after participant
comments arc incorporated and critiqued by NSF senior policy officials.

A broad group of issues related to conference objectives was discussed in a national videoconference.
which expanded the conference audience to include thousands of college students and faculty nation-
wide. The conference agenda also included a forum on undergraduate education to solicit input regard-
ing the future direction of NSF's efforts in this area.

As in previous conferences, more than 300 students from elementary to graduate school who partic-
ipated in NSF-sponsored research activities presented their research in panel and poster sessions.
(Abstracts of all student presentations are available in a separate document.) For the first time, students
in grades 7--9, representing the Summer Science Camps Program of the EHR directorate, presented atthe meeting.

The student research competition generated more than 70 outstanding papers, and the winning papers
in each category (precollege, undergraduate, and graduate) are presented in these proceedings.

This year there was expanded participation by the NSF research directorates. There were more than
50 research presentations by students sponsored by these directorates. In addition, each directorate
presented its education- focused activitief a panel setting.

This report summarizes the conference activities, including speeches by national leaders in the field
of science and technology education and the award presentations, The appendices contain the confer-
ence program. a list of conference attendees, and a list of exhibitors.

9
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OPENING SESSION

PRESIDER
Luther S. Williams
Assistant Director
Education and Human Resources, National Science Foundation (NSF)

This is the opening session of the Third National Conference on Diversity in the Scientific and
Technological Workforce. Dr. Roosevelt Calbert, the division director for Human Resource Develop-
ment, will bring greetings.

GREETINGS
Roosevelt Calbert
Division Director
Human Resource Development, Education and Human Resources. NSF

Good evening. Welcome to the Third National Conference on Diversity in the Scientific and Tech-
nological Workforce. During the next few days, we will celebrate the achievements of the more than
300 students who participate in several focused arid nonfocused programs supported by the National
Science Foundation (NSF). These students are representative of the nearly 400,000 minority students
who participate in NSF programs and who are here in spirit today. What a joy it is to observe these
budding scientists and engineers at work. There is a sense of pride, confidence, and energy that
permeates the air all around us.

To our project directors: You have done a magnific.mt job. You have stayed the course. Without your
wholehearted support, guidance, and commitment, this event would not be possible. We at NSF thank
all of you. lb our student participants: You arc on center stage. I know you are going to take full
advantage of the opportunities at this conference to meet and interact with some of the premiere
scientific and engineering talent in this nation. We are proud of you and your persistence toward
excellence. lb those parents in attendance: Thank you for providing that special love and security that
only you can impart to your children. Your caring makes our job in education and research much easier.
To Dr. Williams and Congressman Stokes: Thank you for your long-range visions and provision of
resources, both human and fiscal, to address the issue of improving education and research across all
of this nation.

But in the midst of this celebration, we must also take time for retrospection, because, as you have
heard many times before, if we do not learn from the past, we arc subject to repeat it. We must never
return to the time when we do not make the provision of quality education for all students a priority.
This conference confirms our commitment that all students be well served by our educational system,
with special emphasis on science. engineering, and mathematics. Again, I thank all of you for your
presence at this momentous occasion.

REMARKS
Joyce B. Justice
Assistant Director
Social and Behavioral Sciences and Education, Office of Science and Technology Policy (OSTP)
Executive Office of the President

I am not Congressman Stokes, but I am here to bring you greetings on behalf of the Office of Science
and Technology Policy in the White House. It is a great pleasure to be here today. As one of the people
who attended the first national conference, it is great to watch something grow and prosper. Science
education and the diversity of the scientific and technological workforce are important aspects of what
we do and care about in OSTP.

In August, the vice president, on behalf of the president, released our science policy document. In
our document, we called for work on a national human resources policy. I am here to pay tribute again

3
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to Dr. Williams and his vision. You have already moved far ahead of where we are. You have given us
the blueprint for extending science and mathematics education and science, mathematics, and techno-
logical skills to all Americans. This country will not continue to he a leader of the free world unless we
find ways to increase the participation of all of us in all that is America.

So welcome. Have a good conference. Learn from each other. Rznew old friendships. 1 am pleased

to he here with you.

Luther Williams

Thank you, Joyce. Dr. Justice is fairly new to the White House Office of Science and Technology
Policy and obviously has a very important role to play in ensuring that the agenda reflected in this
conference stays before the administration.

KEYNOTE ADDRESS
Louis Stokes
Chairman of the Appropriations Subcommittee on the Veterans Administration, Housing and Urban

Development, and Independent Agencies (VA-HUD-IA)
United States House of Representatives

Good evening. It is a pleasure and an honor to be here tonight as the keynote speaker for this plenary
session of the National Science Foundation's third conference on diversity in the scientific and techno-
logical workforce. I want to thank NSF and its director, Dr. Neal Lane, for inviting me to speak before
you. I want to also thank Dr. Luther Williams, the assistant director of the Directorate for Education
and Human Resources, for his continued leadership in the areas of science, mathematics, engineering,

and technology education.
For those who may not be aware, the great strides made by NSF in this area could not have been

accomplished without Dr. Williams' commitment to and vision for our Nation's pursuit of excellence in
science and technology. This conferenceand most notably the students whose work is being recognized
during this forumare a testament to his commitment to this issue.

I am here tonight to speak on an important topic: science and engineering education, especially for
minorities. I have also been asked to speak briefly on Congress's views on science and engineering, and
Cie role the VA-HUD-IA Subcommittee has played in these efforts.

As many of you know, as a Member of Congress for 26 years and as chairman of the Appropriations
Subcommittee that provides the funding for the National Science Foundation, I am a strong advocate
of programs that focus on educating minorities. As only one representative, I cannot present the views

of all the Members of Congress; however, as the subcommittee chairman responsible for NSF and an
advocate for the minority community, I feel confident in expressing my views on the future of science

and engineering education.
It is all too apparent that, in this rapidly changing society in which new technological advances occur

at ever-increasing rates, society must he prepared to face the challenges of a technology-driven envi-
ronment. lb this end, Congress has worked for some timeas has NSFto improve science and science
education in America.

To its credit, the administration has also recognized the needs in this area and has recently made
efforts to improve our standing in this arena. President Clinton and Vice President Gore have both
taken an interest in science, engineering, and technology. I am sure many of you know, or will hear
about, the administration's science policy document, "Science in the National Interest," which sets out
the goals for science, engineering, and technology in the coming years. This document charges the
Nation to raise the scientific and technological literacy of all Americans.

In their opening remarks in this document, the president and vice president describe the importance
of science and technology. I would like to quote, just briefly, a few of their remarks: "Technologythe
engine of economic growthcreates jobs, builds new industries, and improves our standard of living.
Science fuels technology's engine. It is essential to our children's future that we continue to invest in
fundamental research. Equally important, science and mathematics education must provide our children
with the knowledge and skills they need to prepare for the high-technology jobs of the future, to become
leaders in scientific research. and to exercise the responsibilities of citizenship in the 21st century."

I am very encouraged by the administration's leadership with regard to science and education, and
its commitment to making an investment in science today for building America tomorrow. I am partic-
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ularly pleased that, with respect to our concerns about minorities in science and engineering, the
document states as one of its goals the production of the finest scientists and engineers for the 21st
century. Referring again to the administration's science policy document, another statement that is
equally important is that America's tradition of excellence can only be sustained by engaging the talents
of our diverse population. In fact, our Nation's strength was born out of our diversity and diversity
continues to be one of our great strengths. Yet, despite America's emphasis on its melting pot, this
Nation has not fully utilized or developed the skills of all the peopleespecially minorities. In most
fields of science and engineering, women, minorities, and people with disabilities are underrepresented
in proportion to the general population.

As we have seen time and time again, African Americans, Native Americans, and Hispanic Ameri-
cans continue to be underrepresented and underutilized in a number of areas, but particularly in science
and science education. There are numerous studies that document this fact; many of these studies have
been directed by some of you present at this conference. Part of the problem, of course, is our
educational system. Learning to he a scientist, an engineer, or a mathematician takes many years of
training and requires young people to he involved in science educHon early in the process. The K -12
educational system inadequately prepares or motivates students, 1, Licularly minority students, for a
career in science and engineering. Twenty-five percent of white, 34 percent of African American, and
37 percent of Hispanic fourth graders receive science instruction no more than once a week.

Further, according to measurements by the National Assessment of Educational Progress and other
statistics, science knowledge and skills of African American and Hispanic students lag 18 to 30 percent
behind those of white students. In addition, recent reports indicate that the average literacy levels for
African Americans and Hispanics ranged from 80 to 90 percent below that of whites for certain language
components.

As these statistics indicate, minorities are underrepresented in science, and improved science edu-
cation is needed for minorities. Without a doubt, it is time to stop talking and take action. It is time to
make a change, to improve the science education of all of our children so that we may engage their
talents for the future.

Let me take a moment to applaud NSF for taking action to address the problem of educating minorities
in science and engineering. NSF has worked to develop a strategy to confront the issue of increasing
the number of minorities involved in science and science education. NSF has even gone so far as to
publicly state its goals of increasing the number of minority undergraduate science and engineering
degree recipients annually from approximately 14,000 to 50.000 by the year 2000 and to increase the
number of minorities receiving science, engineering, and mathematics doctorate degrees to 2,000
annually.

NSF has developed several programs targeted at increasing minority participation in the fields of
science and technology, including the following:

Alliances for Minority Participation
Research Careers for Minority Scholars
Minority Research Centers of Excellence
Partnerships for Minority Student Achievement
Research Improvement in Minority Institutions
Comprehensive Regional Centers for Minorities

These programs arc designed to involve participants actively, from kindergarten through undergrad-
uate school, encouraging them to pursue careers in science.

As the VA-HUD-IA Subcommittee heard from Director Lane when he testified on the fiscal year
1995 budget for NSF, great strides have been made in this area: Dr. Lane stated that genuine progress
has been made in boosting the science. engineering, and mathematics enrollment of underrepresented
minorities. For example, AMP, started in 1991. has funded 15 AMP consortia thus far, and the aggregate
minority science, engineering, and mathematics baccalaureate degrees awarded for the first two AMP
programs has increased by 15 percent.

While NSF has worked hard to establish those programs and increase minority participation in
science, the VA-HUD-IA Subcommittee has also taken action in this area. This subcommittee has been
a strong supporter of science education for many years. Since the mid-1980's, the VA-HUD-IA Sub-
committee has not only encouraged NSF to improve science education, but it has provided additional
funding to do so. In the past 10 years, the subcommittee has increased the budget requested by the
Education and Human Resources Directorate of NSF (which is responsible for science education and
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for many of the minority programs) every year. The Education and Human Resources Directorate has
gone from a budget of $87 million in fiscal year 1985 to $570 million for fiscal year 1994, a 550 percent
increase over a 10-year period. These increased funds have allowed NSF to expand its programs in the
educational area and to initiate critical new programs such as AMP. According to NSF statistics, grant
awards for minorities in all programs increased from 141 in 1985 to 390 awards in 1994, almost tripling
the number of grant awards to minorities.

You may be interested to know that the increased fiscal year 1995 appropriation for NSF was signed
by the president just yesterday. For the coming year, the subcommittee was able to provide a total of
$3.36 billion for NSF. Included in this total is $606 million for education and human resources, an
increase of $36 million over the 1994 level and $20 million more than requested by the administration.
This is an increase of more than 6 percent above the current level.

Over the years, the VA-HUD-IA Subcommittee has articulated its support for science, engineering,
and technology education in the House reports accompanying our appropriation hills. Once again this
year, I made clear my strong support for the NSF programs that are designed to attract and retain more
women and minorities in science and engineering. In the House report, I also went further and rec-
ommended to NSF that the AMP program be expanded in scope to include a mathematics and science
teacher education component under the same terms as those currently serving the AMP students.
Through this expansion, the AMP program could address the critical shortage of K-12 mathematics
and science teachers of color. I hope that NSF will work to make this recommendation a reality.

I am interested in other issues related to NSF as well. In the past 2 years, I have been instrumental
in working with NSF in creating a consortium for studying violence. At the request of the VA-HUD-
IA Subcommittee. NSF considered the feasibility of establishing a center for the study of violence and
concluded that such a center was both feasible and desirable. For fiscal year 1995, the subcommittee
has provided NSF $2 million for initiating a consortium of institutions for the interdisciplinary study of
violence. This study should provide valuable insight into the problem of violence which could be utilized

in our educational system as well.
NSF has made great strides in improving science and science education in America and should he

commended for its instrumental role in this regard. With congressional support, NSF can and has made
a difference in seeking new ways to build a sound future for our children through advances in science
and technology. In the years to come, I hope thatthrough the Congress's help and encouragement
NSF will he able to achieve its many goals in increasing participation in the sciences for all generations.
and particularly for minorities. Science needs to be diverse. I look forward to working with you in this
regard.

Thank you.
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SPECIAL PRESENTATION

Presenter: Luther S. Williams, Assistant Director. EHR

Awardec: Louis Stokes, Chairman of the Appropriations Subcommittee on the Veterans
Administration, Housing and Urban Development, and Independent Agencies
(VA-HUD-IA), United States House of Representatives

AL

Mr. Chairman, to do this as it really should he done, regard the words I am about to read to you as
coming from the students in he Summer Science Camps. Careers Access, and all the other programs
you have talked about, K-12 and undergraduate.

"Presented to the Honorable Louis Stokes, U.S. Congressman, for dcdicated, sustained, and Out-
standing leadership and service developing the nation's diverse talent in science and technology. Sep-
tember 30, 1994."

Luther S. Williams
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NATIONAL VIDEOCONFERENCE:
POLICY ROUNDTABLE

PRESIDER
Roosevelt Calbert
Division Director Human Resource Development
Directorate for Education and Human Resources (EHR), National Science Foundation (NSF)

MODERATOR
Luther S. Williams
Assistant Director
EH R, NSF

PARTICIPANTS
Peter H. Gerber. Dircctor, Education Programs, MacArthur Foundation
Jaime Oaxaca. National Science Board Member and Vice Chairman, Coronado CommunicationsCorporation
Lynette P. Padmore, Professor of Biology and Project Dircctor. Florida-Georgia Alliance for
Minority Participation (AMP)
James L. Powell. National Science Board Member and President and CEO, Los Angeles CountyNatural History Museum
Diana Garcia Prichard, Research Scientist. Eastman Kodak Company
Terry Cornwell Rumsey, Director, Office of Science Education and Technical Information,Department of Energy

OPENING REMARKS
Roosevelt Culbert

Good afternoon. Welcome to the National Science Foundation's Roundtable Videoconference. Thisvideoconference is one of the major activities of NSF's Third National Conference on Diversity in theScientific and Technological Workforce.
This national conference has the following objectives:

lb sustain national attention on the issues and concerns that undergird the science, mathematics.
engineering, and technology education of minorities who are underrepresented in these fields.To highlight the National Science Foundation's accomplishments in broadening the participationof minorities in the science and engineering enterprises through its focused programs for thisgroup.
lb honor leaders in education and research who have made unusual contributions to the academic
achievements of minority students in science and engineering.
lb provide a forum for presenting and discussing the revised version of the NSF National ActionPlan.
lb provide opportunities for minority students to demonstrate their capabilities in the perfor-mance of research.
To allow broad interactions among the academic, congressional, business, industrial, and profes-sional communities in the education of minorities in science, engineering. and mathematics.

Today, this teleconference will address the last objective. We are pleased to have all of our guests withus today. Dr. Luther S. Williams. Assistant Director for the Directorate for Education and HumanResources at the National Science Foundation, will he our moderator for the teleconference. He will
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"The problem that we face
is not race or people
oriented, it is power-
transfer oriented. People do
not want to give up power.
What we must do is develop
the talents of the whole
American population . . .

This leads to people being
phased into positions of
power . .

JAIME. OAXACA
National Science Board

lead the discussion of several broad issues regarding the enhancement
of minority student achievement in science and mathematics, ranging
from the federal government's role in dssuring scientific literacy for all
citizens to the critical need to educate minority students to be pro-
ductive participants in the workforce of our technological society.

PANEL DISCUSSION
Williams: I would like to start with an exchange on a generic issue.
The issue speaks to the frequently expressed call for scientific literacy,
which I think has been adopted broadly throughout society as a na-
tional goal. The question is not the merit of scientific literacy. It is.
rather, the role. I would like you to give your answer to the question.
What should he the Federal sector's responsibility for scientific liter-
acy, compared to that of other sectors?

Cornwell Rumsey: First of all, we all recognize that there is a need
for appropriate funding. and I am sure persons on the panel will
elaborate on that, but beyond appropriate funding. I believe it's nec-
essary for various sectors of the Federal Government to become aware
of what other sectors are doing, because an informed constituency
would be a supportive constituency. To the extent that our represen-
tatives are knowledgeable about what we are doing and arc supportive
of what we are doing, the public as a whole would be more supportive
of our efforts.

Williams: Implicit in your response is the notion that the Federal
Governmentthe various agencies supporting these programs of sci-
ence literacywould profit from a communications program in which
the Federal Government would state its goals and objectives. That is,
the Federal Government should explain the progress it is making to-
ward achieving those goals. as opposed to simply evolving its respon-
sibilities for discrete funding and assuming that a broader community
actually understands them or appreciates them.

You also spoke specifically to that constituency. It seems to me that
something of the sort that I just described would be required in order
to have that kind of communication.

Oaxaca: You know we are going into the 21st century with profound
changes in the world, and these changes are going to be largely driven
by the one superpower that is left, and that is the United States of
America. I think we must all remember that whether we want to accept
it or not, any country that has unraveled, did so because it did not
meet the three legs of the stool that have made America the premiere
country that it isa strong defense, economic stability, and social
progress. Now each one of those legs requires a quality education. It
requires the best and the brightest and the vision of these young people
who are going to he the leaders of tomorrow.

If we look at Haiti, North Korea, and Bosnia, if we look at any
country that has just gone through major turmoil, one or more of
those legs collapsed. In each of those countries there was a very small
set of "haves'' and a very large set of "have riots.- That gap is
widening.

When Luther and I were on the Task Force for Women, Minorities.
and the Handicapped in 1989. the numbers we used were 85 percent
of the emerging workforce would be women, minorities. and the phys-
ically disabledI think that number still holds.
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The problem that we face is not race or people oriented, it is power-
transfer oriented. People do not want to give up power. What we must
do is develop the talents of the whole American population in such a

way that we become even better than we already arc. This leads to
people being phased into positions of power. positions of policymak-
ing, positions that are going to be good for our country. We have to
attack the whole education problem in parallel across the whole con-
tinuum, and we have to do it with programs that go all the way back
to prenatal care, because the percentage of kids being horn in America
to single women is pushing 4(1 percent. We start at the very beginning
with the basic premise that anybody can do it. I am referring to what
Jaime Escalantc calls "gangs;' which is desire.

By the same token, in these days of budget constraints and a chang-
ing environment, given the fact that 4(1 million people today arc work-
ing out of their home, we must have an initial mindset about computer
literacy. We have to jump on the information highway. At the same
time, the American public is going to demand accountabiFty. so we
must have measures in place along the way so that we can have a

midcourse correction. All of these things must be pushed.
Now when we talk about scientific literacy, look at the demands in

today's technology. I have a mother -in -law who is 87 'cars old. She
has to take 16 different medicines every week. We had to educate her
about the problems if she takes them out of order, if she does not take
them at the right time, etc.

So scientific literacy for someone who is elderly is different than
scientific literacy for someone who is pregnant or someone who is in
the first grade. or someone who is just getting out of high school and
is making the decision to go to a community college or a tour-year
college or to work. If we do not upgrade to that level in parallel with
all the other things we're doing. then we have made a terrible mistake.

Williams: On the last point, I would like to use it to direct your
attention to another issue. When you were responding. Jaime, I was
struck with your general concern about engaging the total society
around the broad issue of science literacy. 1 want to ask your response
to that issue if, in fact, you focused it on the agenda of this conference,
how to actually change the landscape in terms of participation and
diversity, how to change it in a substantial and highly expedited
fashion.

For your response, I offer the following: One of the current defi-
ciencies, leaving aside how noteworthy the individual programs are, is
that this whole enterprise is not connected with the larger national
dynamic. For example, clearly, the country is dealing with health care
reform and acknowledging that this is a major step-function, a tran-
sition essential for the country into the next century. The country has
dealt with fiscal controls, the deficit reduction act (leaving aside how
one feels about it), and the crime bill. There is an emergence of reform
efforts.

But 1 would submit for your consideration that mathematics, sci-
ence, and technology education in the specific instance of minorities
or even the overall education reform effort is not accorded a compa-
rable position in national dynamics. There is something called edu-
cation reform that is taking place in the country but it's operating at
a different level. It is as if it is a desirable good, not an obligatory
good. My inference is that health care reform is obligatory. It has been
connected to the very epicenter of national transactions.

"There is something called
education reform that is
taking place in the country
but its operating at a
different level. . . . It is as
if it is a desirable good, not
an obligatory good. . . 2"
LuTHER WILLIAMS
NSF
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". . . we believe that ever'
American or every human
being has a fundamental
right to achieve their
human potential. . . .

Therefore, every human
being and every youngster
has a right to . . . the
opportunity to become a
scientist or to learn about
science.'.
JAMES POWELL
National Science Board
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Powell: I would like to take off on that, Luther, and in typical Wash-
ington fashion, not answer quite the question that you just posedI
have learned that from watching some of the television programs.

I would like to go hack to the principle that underlies what you are
saying. There are clearly many people in this country who believe that
every citizen has a fundamental right to good health care. Probably
nobody would deny that in public, but in terms of their actions and
their votes, you would have to conclude that people have different
feelings about it.

If I go hack to why we are at this conference, why you and I are
working with NSF and our colleagues are here, I think it goes hack to
the fact that we believe that every American or every human being
has a fundamental right to achieve their human potential. You could
argue that is the most fundamental right of all. Therefore, every hu-
man being and every youngster has a right to at least have the oppor-
tunity to become a scientist or to learn about science.

If you turn from the principle of the matter to the practical side of
it and you look at a country as large as ours with all sorts of problems
and needing to advance in a wide set of areas, it is demonstrable that
we need to draw on the talent of all of our citizens. If we only draw
on the talent of half of our citizens, we can not thereby support 100
percent of our citizens. So we have to draw, as a practical matter, on
the talents of everybody, of all races and both sexes.

I think if you look at our history. at the problems that race has
presented for this country since the beginning, if you look at the
economic problems of the States and the major cities, I think you
would come quickly to the conclusion that education, and specifically
science education, is like defense. It is like transportation. It is an issue
that cannot be solved and will not he solved on the State level. It has
to be solved, if it can be, at the Federal level.

Therefore, I have long believed that there is a very strong, appro-
priate Federal role in science, engineering, mathematics, and technol-
ogy. Ten or 12 years ago that was not generally accepted. There was a
move to get rid of the Department of Education. There was a move
to eliminate funding for science education and NSF. Fortunately, nei-
ther of those things happened.

You arc taking this a step further, Luther. and asking whether, given
all of those things, we need a more targeted effort and a much stronger
effort to solve the issues of minority education, and I am inclined to
think that we do. I am inclined to think that unless there is a coordi-
nated national, Federal effort not just at NSF, but at all the agen-
cieswe really will not make satisfactory progress on this goal.

Gerber: Luther. I think we have to be very pragmatic about this. The
Federal Government expresses a national interest. The national inter-
est is in having an economy that has more people supporting it than
there arc people who are depending upon it and not contributing to
it. We have a society that would like to have that, but we also have a
society where some folks do not like to live next to other people. They
do not want to work next to other people. They do not want to have
their kids socialize with other kids.

Now in the society we are talking about, everybody is mutually
dependent. It is going to take a targeted, strenuous effort on the part
of the Federal Government to express a national interest in the collec-
tive value that we have for everyone to learn in order to go beyond
these individual preferences and social patterns to an educational sys-
tem connected to an economic system.



Therefore, I think that your idea of a strong communications effort
is very appropriate. The problem is that it is going to have to confront
people with unsettling ideas and cause them to think about things in

.cir own lives that are not consistent with these thoughts that we are
expressing here right now

Cornwell Rumsey: Yes, absolutely. First of all, I agree with everything
that I have heard my colleagues say thus far. Furthermore, if you take
a hard look at some of the work that the Federal agencies have done
over the last couple of years with respect to supporting science edu-
cation programs, it has been good, and it should be recognized. How-
ever, a lot of those efforts have been fractious. They have been inde-
pendent. The reality is that there is a sense of urgency now that we
have not had before and there is a major need that we must orchestrate
and be able to articulate clearly for the American public.

A number of subcommittees are under the guidance of the National
Science and Technology Council, one of which is the Committee on
Education and Technology. That committee attempts to bring to the
table all of the Federal agencies that have a vested interest in ensuring
that the pipeline of future scientists and engineers is assured so that
our workforce needs are met.

The second need, but equally as important, is to contribute t3 the
larger goal of achieving a scientifically and technically literate work-
force.

A number of memoranda of understanding arc currently being pur-
sued between the Department of Energy and the Department of Ed-
ucation, between the Department of Energy and the National Science
Foundation. We arc all in this together, and as my colleague to my
right pointed out, it is a problem that is not going to go away. We really
do require the best ideas, the best resources in the public sector, in
the private sector, and in academia to be able to identify those oppor-
tunities for success. We then need a communications strategy that
helps people understand how that success translates into making their
quality of life better today and in the future.

Williams: Another issue I woulu suggest is that developments in the
last year-and-a-half have served to raise the threshold against all of
our efforts and aspirations to move minorities into the scientific and
technical arena. They are manifold, but I want to cite three develop-
ments and I would like your responses to them, starting with Diana.

One is the advent of the information stiperhighway, which, as an
expression, is rhetoric, but beneath it clearly is a whole set of funda-
mentally important issues that have to do with learning and produc-
tivity; have to do with judicious use of technology in delivering infor-
mation; and have to do with accessa set of issues, Jaime, that will
be much more important in terms of impact than the ability of your
mother-in-law to take her medicine appropriatelybecause the par-
ticipation level is heightened by technology. The issue of access is one
variable, that in the interagency context, has a very important role for
a department that rarely does business with us in an interagency con-
text, and that is the Department of Commerce.

Second. in the aggregate, what are we really concerned with in the
instance of minorities? What we often refer to as "science education"
is what I would term "training." An outlier--and, some might argue,
a counterproductive outlierare the multibillion-dollar expenditures
of the Department of Labor.

It seems to me that in terms of its return to society, a Labor De-
partment Job Training Partnership Act program that attempts to take
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a 25-year-old person in the City of Chicago and give him short-term
training to enter the computer technology sector is an ineffective ap-
proach to problem solving; especially if that person brings to that
process an absolute paucity of knowledge of mathematics and science.
I am talking about an individual who has not benefittcd from the
K--12 educational process and we're trying to do a repair job at age
25 because the person needs employment. So the second issue I want
to raise is the need to conjoin training with education.

The third point is one Peter mentioned, and that is whether the
evolving cultural conditions in the countrysome of which are pro-
moted by sociobehavioral conditions, that is. are motivated by fiscal
stringencies, unemployment, job transformations, etc.disallow mak-
ing progress in this arena on equal opportunity considerations alone.
In other words, is it good business?

So through three factors I have tried to take what would he an
otherwise generic linear problem-solving strategy in which we are
really calling for all of the players to conic to the table, for which we
want to have an effective communications strategy, and I have made
it more difficult by saying that there are other major players who are
not at the table.

The implications of the advent of the information infrastructure are
unknown, but it clearly increases the complexity of this arena. Cer-
tainly, in the sociobchavioral domain we need to candidly state to the
American people what we are attempting to do. Are we really at-
tempting to provide the opportunity for minorities to join in the sci-
entific and technical enterprise, or are we attempting to redefine qual-
ity of citizenship?

Garcia P. ichard: I would like to comment first on the superhighway.
One of the things that I have noticed is the whole generation of people
out there who are involved in the information system that now have
access to people in the university. For instance, at the Rochester In-
stitute of Technology. there is an Institute for the Deaf. That infor-
mational system has opened up a whole new arena to these people.
The same 9uld be said about the physically handicapped.

As more and more of the young people get into that informational
system, it is very important for all of us to become part of that, and
there has got to be some monitoring, because it is surprising what
comes through some of those systems.

The other issue I want to comment on is not only communication
among agencies. but also their collaboration. If something becomes a
national issue, then all the agencies should come together and pool
their resources, because there is no question that the fragmented
dollar is not going to be as effective as a concerted effort. So I would
even go a step further in the communication part of it.

The other part is the training. There arc many gaps in people's
education as they move along the pipeline that make it harder and
harder for them to move farther along. So when they finally come to
a job, some people are well trained, others are not. There must he
some kind of' intervention in these big gaps that we see, like the
transition between high school and college and community college,
etc.

Job training is a big issue. As we move toward a more technically
sophisticated society, there are more people left behind.13eing part of
he Eastman Kodak Company, where we are "rightsizing" and "down-

sizing," what I have seen is people who have been there for If) or 15
years who have lost touch with the technology of today. They are no
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longer as productive as somebody who is coming out of school. So we
really want the most trained person to come, and science literacy and
all the other comments that were made refer to economic development
and the urgency of getting to that point of work based on technology.

Oaxaca: I think we face an interesting problem. Historically, "minor-
ity" has been associated with an affirmative action check -off box.
Consequently, America at large, I am convinced, does not really rec-
ognize these programs as an issue of national security. They think it
is a "gimme" or throw-away for the downtrodden, which is not the
case at all, because whether anybody wants to accept it or not, the
demographics are there, and I maintain that 85 percent of the emerg-
ing workforce is going to be the so-called minorities, and that is a lot
of people.

So vou have to change the mindset of Congress, of corporate Amer-
ica, of everybody whom you are dealing with. You are starting to see
it in corporate America. You're starting to see it at the conferences,
where the recruiters are out there working all of the minorities, be-
cause they actually do very well when they make it through the pass.

At the same time, if you look at the policy that was set by the
Federal Government in the so-called defense conversion. we have laid
off thousands and thousands and thousands of the most talented peo-
ple in the world, the ones who brought the Soviet Union to its knees,
and there has been zero planning about how to utilize that talent.
Most of them go out and start their own little businesses, which is
fine, and that is what you want, but it is not focused in any way to
solve any national problem. It is not focused in any way to set up for
the future, to be the mentors and the guiding folk for the young people
who are coming along.

The issue of retraining is. in my mind, one of not being effective at
all, because you do not see retraining. In today's world of the special
interest group. the squeaky wheel gets all of the oil, not just some of
it. For example, in Los Angeles. they will lay off a total of 25,000
people at TRW Hughes, and Northrop and it comes out on page 16
in a little article. You try to lay off 23 people in the City of Los
Angeles, and the world comes to an end because they are civil servants
who are working for the city and they have a constituency that says
the world's going to come to an end. Yet the 25,000 talented people
you have laid off are Ph.D.'s and communications scientists.

I have an example in which they called hack a TRW employee who
has everything but his thesis done for his Ph.D. (in telecommunica-
tions and all that transsatcllite stuff) to retrain him to he an 18-wheel
truck driver, a nine-week course. Why? Because they get a tax incen-
tive at TRW. It is criminal, when these people could he working on all
sorts of other stuff. There is no training, there are no programs, there
is no tie-in. There is a full-blown disconnect. And until, across the
board, people recognize that this is not an affirmative action check-
off box, it is an issue of national security.

I think we are now at the point where it is a marketing problem, it
is a public relations problem. because all of the infrastructure is in
place, but 1 do not think we can wait for the normal course of events,
because America only reacts at a crisis time.

Powell: 1 would like to take off on your first point. Luther, which has
to do with information technology, which I have long been interested
in as an amateur, and, as you know, I was a college administrator for
many years.
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"I think a more funda-
mental revolution is
needed, one that sets high
standards of learning for all
.students. That would he a
true revolution in this
country."
PETER GE RRIER
McArthur Foundation
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We have been hearing for a lorlg time that the computer is going to
revolutionize the way we deliver education and the way people learn,
and I still believe that it will. I believe that very firmly. But I would
also have to admit that it doesn't seem to have happened yet.

I think before we worry too much about the information highway,
we ought to worry about providing access to basic computing equip-
ment to essentially everybody, every student. And if you think about
it. I don't believe that we have approached this in a comprehensive
way. My understanding is that we are letting 1,000 flowers bloom.

If a school right beside Microsoft can scrape up the money (which
is a little easier if you are there), it can get thoroughly outfitted with
hardware and software and can make tremendous advances, and I am
glad that somebody's doing it. But I probably would not have to go
very far from here to find classrooms in which it would be surprising
to find a computer, and if there were one, it would not be very well
used. It would he an Apple II or something hack several generations.

In other words, I am saying that I do not see any coordinated
massive Federal effort to try,to produce this revolution. I think that
unless that happens. we are going to miss a great number of oppor-
tunities, and I think of it the way I think of the NSF science education
programsthe way they were not too many years ago, when we were
supporting what you might call pinnacles of excellence, good work
here and a good program there I voted for these; these were fine
programs.

Now we arc thinking systemic. I believe we ought to think systemi-
cally about using information technology to revolutionize the way we
teach and students learn. I cannot prove it, but I have a feeling that it
could have more of an impact on minority students who generally arc
more deprived and do not have access to this equipment than it would
on majority students.

So I would like to sec if there is some way that NSF could take the
lead in bringing about this revolution that I see as inevitable, but that
is taking longer than I ever imagined that it would.

Gerber: I think a more fundamental revolution is needed, one that
sets high standards of learning for all students. That would he a true
revolution in this country. And I think following that revolution, we
will have equipment, computing power. and other things brought to
bear on the education of all kids. Until we have high standards of
learning for all kids, we are not going to make the investment because
we can slide off of that investment.

Those standards for student learning are going to bear on the stan-
dards for teachers. They are going to bear on the standards for the
quality of curriculum that's delivered, the timeliness of the materials
that are available, the quality of the physical facilities that are avail-
able.

An hour ago, the House was supposed to take up the conference
report, and I hope that they passed a bill which is intended to elevate
the standards through Chapter I of the Elementary and Secondary
Education Act. If th, did not pass it this year, it will come hack again.
But I think that is the fundamental revolution.

And the point I would make about that revolution is that the Federal
Government has to articulate it, each community in which kids live
has to articulate and demand high standards for their kidsnot rela-
tively high standards or standards that are compromised by their socio-
economic status or some other factor, but high standards for all kids.
This needs to he a cry from the people to the Congress as well as from
the government to the people.
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Williams: \bur reference to standards leads me to another area for
your responses. One of the experiences NSF has had in dealing with
large urban communities through the Urban Systemic Initiatives Pro -
grain, has essentially three components.

One: Substantial confusion, vacillation, and I would even say reluc-
tance to make as a uniform condition high standards for the entire
enterprise, which is to say for our students.

Two: In many of the transactions in these schools and I am not
implying that the schools in the 25 cities with which NSF is operating
are unique. but that is my sample at the momentthere's an incred-
ible infusion of resources in support of what I would call deficit models
for education. I am implying, at least from my point of view, that this
is undesirable, a deficit as opposed to an achievement model.

Three: I have reached a tentative conclusion that there is a corre-
lation between the amount of resource expenditure and one's ability
to institutionalize high standards for our students.

My question to you is, what do you think is required to actually
entice these large bureaucracies to make the transition from a deficit
to an achievement model? Let me make clear the implications. The
achievement model says that a collection of third graders must, in fact.
have a series of experiences. In a deficit model, sonic trivial fraction
can escape from it-1 am being uncharitableand move to an
achievement model, but for the substantial majority, what they get
rewarded for is pedestrian or minimum performance, and if that con-
tinues, then you cannot have this high standard of which Peter speaks
and you will not have the outcomes that we have all talked about in
terms of educational product.

So the question is not trivial: Are there strategies that could he
employed by individuals who arc outside of that bureaucracy that
could aid- the system in redirecting those resources?

Let me be very explicit about what I am saying. Maybe everyone
else understood this, but what I have discovered in the last year-and-
a-half is that in very large urban communities, there is a multibillion-
dollar enterprise (when I say "multi," I do not mean tens of billions,
I mean hundreds) that is entirely devoted to a deficit model.

Powell: I lived in Philadelphia for several years, a city that is really
coming hack under an excellent mayor. We also had a wonderful super-
intendent in Connie Clayton, who has retired. I do not know the new
superintendent.

But I think to bring about what you're talking about, it is another'
kind of revolution along the lines of what Peter was saying, one thing
it would require is leadership, and it is not just a cliche. You would
have to have leadership from the mayor of Philadelphia. in this case,
and I think you would. You would have to have leadership to get a
high standards model adopted by the city politicians, by the congres-
sional delegation, by the parent groups. You would have to have a
superintendent who really was willing to go out on a limb in favor of
it. You would have to generate a wide base of support, led by a few
key people. Then you might have a chance.

Padmore: If I may add to that, I think we have to tie high standards
to high expectations. In an earlier statement, you mentioned the fact
that you can have short-term training, but short-term training should
he focused. It is like employing someone for 4 hours of labor. It makes
a difference if that individual is thinking. "I am working four hours
and I am making $10 an hour": if he or she thinks, "I am working 4
hours to support my family": or if he or she thinks, "1 am working 4
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hours to bulld a building that will support a structure that will benefit
other individuals." You have to tic in high standards with high
expectations.

I think to the extent that we do that, our efforts, both in the edu-
cational system and outside the educational system, will be more ben-
eficial to society.

Cornwell Rumsey: I think that the language that we use is an impor-
tant enabler that must be understood. We have talked about commu-
nication strategy, we have talked about marketing. One district comes
to mindthe unified school system in Oakland, Californiathat has
had significant success with respect to their systemic reform efforts in
science and math education.

You talked about deficit versus achievement. Jaime talked about the
so-called minority. Language is important. If we are going to advance
these notions, making sure that we have all of the partners who have
a vested interest in the success, we must come up with a new way of
describing this so that people understand.

For instance, I have dropped out of my vocabulary certain words. I
don't use the word "minority." We talk in global terms about global
competitiveness, the global village. Human resources are global as
well. When you take a look at people of color and women, we are not
minorities, so I don't use that word. There are messages that get
transmitted when you use certain labels, for example, "disadvan-
taged" or "people at risk."

I am the mother of an 8-yearson who is at the point in his
development where he tries to valiate his self-concept and his self-
esteem. Can you imagine for a moment acing in his shoes, turning on
the television, and being confronted with images, both overt and sub-
liminal, that constantly say you are disadvantaged or you arc not quite
equal?

I think we have to he mindful of that, and I think that we have to
find new metaphors and new descriptors to encourage everyone to
recognize the value that inclusion brings and the sense of urgency that
we have a!1 addressed.

Oaxaca: I have a bit of a disagreement with Peter. I have no problem
with high standards. If we look at the military model that was used in
Desert Storm and again in Haiti (and there's the classic operable
workforce diversity, the only true one probably in the universe), high
standards went along with the best equipment and they had no current
parallel. We couldn't have one to the exclusion of the other, because
the training occurs and it is a closed-loop system that keeps building
up, either good or bad. Alternatively, look at the Iraqis with lousy
equipment and they went the other way. They had high standards and
lousy equipment and they went down the toilet.

I hit the streets in South Central Los Angeles and East Los Angeles.
I talk to kids, and then I hang around with the smart set and I talk to
those kids, and they knowthey are on CompuServe and they are 6
years old. Go to East Los Angeles or South Central Los Angeles and
talk about CompuServe or Internet and they give you a blank look.
We have to bring in the equipment early, the very best equipment.

We have a mindset, once again, that the groups in those areas merit
the used equipment from the smart set because they can use it, as
opposed to saying they merit the very best because they need it more.

We also have a group in the science and technology community v'ho
don't want any of this to happen, because they arc like the Amerivn
Medical Association. If we only have one brain surger.;11, that guy can
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really charge for operations. Therefore, they will bring in Soviet sci-
entists at the expense of Americans. and they do it consistently. Yet
these people will come into town, get financial aid, and then they will
leave town with intellectual property and compete against usand we
giYe them accolades! It is insane.

We must take care of America first, and then worry about the rest.
But there is a mindset that a Viennese accent is worth 50 grand in the
marketplace and a ghetto or a barrio accent costs 50 grand. That is
dumb. We have to change that mindset. and I submit that the only
way we are going to do that is to work hard with the talent that we
have, and I think we have enough talent now to put people in positions
of policy decisionmaking, and then we need the leader who says,
"Here's what's going to happen."

When I was president of one of the divisions of Northrop, they
would ask me. "Why did you place so-and-so with that funny last
name or that Afro-American there ?'' That wasn't what they were
asking. They were saying, "I don't want him there or want her there.-
And my answer was very simple. "I'm president.-

[Laughter.]

Gerber: Earlier in his remarks. Jaime said that he disagreed with the
point that standards needed to precede and pull the investment and
the equipment. He sharpened my thinking on this. I do agree with
him that we can make a front-end investment. Unfortunately. in edu-
cation, we have a history of making front-end investments and those
front ends have ended up in closets and garages at schools.

What we also need along with the investment and these high stan-
dards is a press on the schools to make good use of them, so here are
a couple of ideas that I have in that regard.

One would he that the colleges that have significant enrollments of
minority studentsand still use that termought to go hack to the
elementary schools whence those kids came and take a hard look at
the preparation those kids are getting, and exert some pressure on
behalf of the kids who are still in 3rd and 4th and 5th grades with
regard to what those teachers are doing, the expectations that those
teachers have. the satisfaction they have about the progress that those
kids are making.

Another suggestion would he that those who advocate and advance
civil rights on behalf of folks ought to visit these schools and ought
not to he satisfied with the attention given to these kids. You know
the old line about comforting the afflicted and afflicting the comfort-
ablethey ought to afflict anybody who is comfortable with the prog-
ress that these kids arc making in their schools in grades K-12.

I think that the outside organizations based in the community and
the colleges that have to do a lot of extra work with these kids both
have a stake in a more efficient, effective, and equitable system at the
lower grades, and we need that press. Then, when the investment is
made, people will make use of it.

Powell: As a former college president, I would agree with you that
colleges. faculties, and administrators ought to he concerned about
what happens in the grade schools. but they are not and they will not
he.

They will not he because they have so many problems and so many
demands of their own. There are exceptions, of course. and almost
every university now has some sort of a program that reaches out to a
grade school or to a high school. I do not want to sound overly cynical.
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I just think that they have so many concerns of their own, so many
financial problems, they simply will not help us solve the problem of
K-12 education fast enough.

I think information technology, the right kind of investment, could
do a lot more.

Williams: Your comments about the schools, resources, how to design
reform, and the specific instance of minorities stimulate another issue.

There are individuals, albeit I would suspect small in number, who
have come to the conclusion that the following obtains. If you consider
the problems in the K-12 sector or even pre-K-12 as one dimension,
the transition to undergraduate as another (leaving aside whether it is
a two -year or four-year college), and then to graduate education, one
of the challenges is as follows:

Imagine the whole issue as one very, very complicated problem set,
so the issue is problem solving among the professionals who are resi-
dent in the K-12 sector and in the college and university sector. This
was stimulated by your observation that they will not do it. Even in
the industrial sector, we do not have among the constellation of profes-
sionals a cadre of individuals who know how to problem solve across
multiple domains.

Indeed, Peter, there is a contribution to he made by the collegiate
sector working with the high schools, but that is transitory. We do not
emphasize as a professional niche individuals who work in the two
sectors and who can, in terms of mathematics or science education.
blur the distinction between 10th grade and the sophomore year of
college.

There are no individuals who problem solve in the instance of
youngsters who go into the technological workforce with enormous
abilities, work for 10 years, and then the industries change. What kind
of retraining should they receive in order to continue to get a return
on that investment?

Professionally speaking, it is a highly bifurcated industry; that im-
plies that each of these little sectors is self-contained, and they ob-
viously are not. The suggestion. therefore, is that we really need to
grow (for lack of a better expression) a different kind of problem solver
and to stop taxing individuals whose expertise really is to be quite
good in this little narrow domain, but who are not multifaceted prob-
lem solvers.

Long preface to the issue. What is your reaction to it? Do we need
such people?

Cornwell Ramsey: I think that your idea is one that holds great merit.
When you talk about those professionals who are in the private sector
or in the public sector and you look at exchange programs that have
worked quite well, the fact of the matter is, we must kick it up a level.
We have to think more broadly.

There are skill sets, problem-solving skill sets, that transfer and
ought to transfer between the private sector. the public sector, and
academia. We talked earlier about learning as a continuum, from
prekindergarten all the way through advanced studies.

If that is the case for the students who are traveling through the
pipeline, that should he the view of all of us. As we come from our
different perspectives, we should take a look at that continuum. and
ask a question: How can we contribute, given our certain sets of
competencies, to solve the problem? 1 think you are absolutely right.
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Garcia Prichard: I agree with you, Luther. It seems that the educa-
tional system has been one-dimensional, or two-dimensional at best,
but the world and the economy are changing so they are multidimen-
sional. Not only do you have technological advances, the information
age, but you have a change in the people and the demographics in the
United States.

So if you take thinkers who are two-dimensional and apply them to
systems that are multidimensional, you're not going to get an answer.
What you arc going to get is what I call a marshmallow effect. You
push in here and it pushes out there, so you never really solve the
problem until you come in together as a group. The multidimensional
and multitask thinker is the one, I think, who is going to solve the
problem, because you can no longer take this as a two-dimensional
problem.

Williams: That is generally true, and I would argue that it takes on
even greater significance in the case of trying to make progress in the
programs represented at this conference, because there arc, in effect,
multiples. There are additional variables that arc brought to the pro-
cess that enhance its complexity.

For several decades, we have been involved in efforts that are re-
flected in this conference. Some progress has been made. The progress
is very unequal, as I implied this morning in my general comments. I
think generally one has reason to applaud what ha.. been accomplished
from precollege through undergraduate in the case of engineering, but
we really do not know what was possible.

Do you understand the point of my comment? Even if we declare it
successful, on a relative scale, how does that relate to what could have
been achieved? So we need to understand that in terms of production.

Second, the response (at least until recent years) in the case of
sciences and mathematics has been somewhat less than exemplary. If
in the next few seconds each of you had the opportunity to think about
a plan that took (in the classic scholarly context) the best knowledge,
practice, and experience that we have today and created an agenda
for the next 10 years, what would he the five most important elements
of that agenda'? And the agenda for the next 10 years is to promote a
step-function change from whei-e we are now. I should have said that,
in terms of the goal.

What would you do, based on what we know? What is the return
for all of the efforts in terms of being able to design the future'?

Powell: Just to mention two points that 1 think we generally agree on,
one would be to maintain high standards. The other would be to
provide adequate resources, and I would, as you can tell, heavily
emphasize the information technology resources.

Padmore: One that I would add would he delivering on our promises.
When we recruit undergraduates, we recruit them with the hope that
they will graduate in 4 years. maybe 5 years; but we should not recruit
them with the expectation that 50 percent of them or 25 percent of
them may not make it through the pipeline. It's wrong.

Applause.]

Williams: So accountability, and for lack of a better term, a contractual
understanding with the student.

Padmore: Yes.

Cornwell Rumsey: I think that the strategy has to he well focused and
developed with the customer in mind, and I would define mathematics
and science at the front end of the spectrum. 1 think that is essential.
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Once we do that, we will be able to, through the process, ask
ourselves how we are doing, and if we are not meeting the mark, step
hack and readjust.

Second. I suggest that the strategy should include the entire family.
If you arc going to train a child, you must train the entire child,
recognizing that a lot of the values and the principles that are instilled
are instilled at home. And if you have a situation where you have
babies raising babies, then you are missing that very important
component.

Gerber: I would say that every family, community, and school ought
to have as its goal that all children know themselves as successful

learners by the time they are in the second grade. They ought to know
that by the joy of learning. They ought to know it by the fact that they
learned to read.

Williams: I agree with everything you. Jaime, and Terry have indicated
about goals for the near term.

Just to pursue the issue further, are you describing contemporary
America? I understand what you are speaking to in terms of goals,
but when I say that this enterprise needs a different kind of problem
solver, I am speaking in terms of extant realities.

My preferences notwithstanding, the substantial fraction of Amer-
ican students do not come from 1930-model homes. The large per-
centage of minority youngsters do not even come from 1950-model
homes. There is nothing that I am aware of in the near term that
suggests that it is going to be substantially revised. Therefore, the
student body that presents itself to American schools is exactly what
it is. In terms of addressing it, the problem-solving construct has to
deal with what is, not the historic glorious past that might have been
historic but was not glorious. I am not one of the people who spends
a lot of time lamenting what was lost by time. But the point is, that is
the reality.

So Jaime, you are right about values, reincarnation of values. You
are right about everything you have said. I just want to reiterate: The
job is a different one. I can not do my grandparents' lifestyle. This
even hears on how you can actually deal with technologyyour point,
Jimmaking the technology generally available to youngsters. But in
many cases, it is going to be youngsters without parental supervision.
How do you make it work under those conditionsthe real conditions,
not the ones we would prefer, not the ones we romanticize about?

Powell: I think the catch is to have high standards and increase grad-
uation rates, because most people think that if you raise standards,
fewer people meet the standards. Somehow, we have to raise them and
make more people meet them, and, of course, that is very easy to say
in half a sentence but extremely difficult to bring about. I would like
to think that if we brought all the resources that we have to bear on
this, it could be done.

We just set policy, Luther. It is up to you to implement it.
(Laughter.]

Williams: I want to raise a few issues about the undergraduate sector.
As you know, NSF and other agencies have major programming in
that arena. It is an area that obviously we are very concerned with.
But there is a view that, as is true with the K-12 sector, it also is
antiquated. It could benefit from an overhaul, systemic or otherwise.
If, in fact, Lynette. you are going to have the kind of returns you are
describing, should we be talking about reform of K-16. as opposed to
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K-12. education and having a system work, the entire system work,
in the case of minorities?

The issue is that there are pockets of excellence. There are areas
where it is working. In the suburbs, it is working. Why does it work
in the suburbs and not in the urban schools? Is it high expectations?
I expect it might he; not only do we have to bring the technology in,
but from what I have seen, we also have to educate the teachers to
increase their expectations. You see it when you go to a school board
meeting. They bring graph after graph that segments the minority
students and they have an "oh, well" mentality that they are perform-
ing below standards. There is no accountability for raising their levels,
and the number of deficit programs and the dollars that they get
perpetuates that low expectation.

I would like to sec more of a collaborative effort and a discussion
of what we need for college graduates and what we need for the
students to he prepared.

Oaxaca: I think with the infrastructure that has now been set up for
41/2 years, that we now have to follow the precepts of total quality
management: continuous product improvement and elimination of the
non-value-added processes. It has to be process driven. The world is
not a snapshot. It is always changing. You are going to have to have a
dynamic process that you can keep adjusting to the changes that occur,
and it is a real-time problem. So you will fall behind in certain areas
and you will get ahead in others.

Williams: If I might editorialize, I agree with everything you have
said, Jaime, but I would make one additional contrast between sub
urban and inner-city schools. In the inner-city schools, and especially
at the elementary level, basically nothing is expected of the students.
There is almost uniformity in terms of performance. resources not-
withstanding.

Gerber: Kids are growing up knowing how to program VCR's but not
being nurtured in ways that have them feel that they are whole people
and that they are people who arc connected to the promise of our
society.

If we are talking about partnerships, Luther, with Commerce or
others, we have to connect these kids to the larger promise of our
society, or all of our techniques for teaching them to do things aren't
going to mean anything. That is a larger agenda that is in the national
interest and calls for real leadership from general government people
at the local, the State, and the national level. I think they ought to
speak to that and find credible pathways for kids.

The kids have good crap detectors and they know when the speeches
do not have any substance behind them, and the "you can he anything
you want to he" speech doesn't Hg true to a lot of kids in our society.
They learn to think critically at least that well, and we have to he
accountable for the fact that we arc not fulfilling our own promise in
that way, as one of my colleagues has said.

Williams: Good. One of the things I am attempting to do as we move
through this discussion is to arrive at some end point, so I want to
probe another issue that I raised with you. What is the next definitive
step? Let me give you an example of what I mean.

It's remarkable but perfectly understandable that after 3 years of
national conferences where NSF brings together more than 300 tal-
ented young minority students from various sectors who spend several
days in Washington exhibiting their accomplishments, that these trans-
actions have been devoid of any serious participation by the media.
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The extent to which that is the case, I would argue, represents a
major impediment to making progress, even in mathematics and sci-

ence education, forgetting the challenge that is contained in the larger
issue that Peter framed of how to actually produce young people who
feel a sense of belonging and a sense of participation, who feel that
they can actually grow up and join this adult American society.

Your reaction?

Cornwell Rumsey: I would like to see us recognize and celebrate
success in mathematics and sciences throughout the learning contin-
uum, on par with how we lift up and celebrate athletics in society.

[Applause.1

Williams: Anyone who has in recent times examined the issueit is
not inconsequential that even the U.S. Congress, in spite of its other-
wise busy schedule, has given some time to the state of the baseball
strikehas to be challenged to move this issue as close as possible to
similar placement.

Oaxaca: It is a slow-moving thing. There are a lot of people who,
because the United States has always been preeminent in research and
development, assume that there is no problem. lt_doesn't sell news-
papers. I think it falls under the category of what our chief scientist
at Northrop used to say. He used to ask the question, "Which is worse,
ignorance or apathy?" The answer was, "I don't know and I don't
care."

That is how the majority of the American public views this, because
it is never really surfaced as a drop-dead problem. Unfortunately, the
United States only reacts to a crisis that is right at our doorstep, and
this is a long-term thingit takes 28 years to grow a Ph.D. I have a
theory that if you can do mathematics and science, you will learn how
to read, but not the other way around.

Williams: Or if you can read and you cannot do mathematics and
science, it probably doesn't matter that you can read.

Padmore: I think we have to realize that educating a child is the
responsibility of all of us. It doesn't end with the parents, and the
parents should not assume that their responsibility ends at 8:00 in the
morning and then picks up again at 6:00 in the evening. It is a contin-
uous process, and the same thing for teachers and faculty. It has to be

a continuous thing.
We have to be sensitive to what is affecting learning. If we have a

young man or a young woman who is working 40 hours per week and
coming into classrooms and falling asleep, we should be sensitive
enough to investigate that process. So it has to he a holistic approach,
and unless it is that, we are wasting our time.

Williams: Are there issues that we have already mentioned that you
would like to speak to further, or issues we have not raised?

Powell: I would like to make one comment to try to sum up my
thoughts. When I come to this conference and when i go back to the
great museum where I work, I know at a very deep level that the
problem is not with the kids (and by that, I now include all the way
up through graduate school). The reason they are not always able to
do it is someone else's fault. It is the system. It is us.

So I believe that if enough political will were raised to a high enough
level and focused sharply enough, this is a tractable problem. I do not
believe that it is impossible, difficult as this is, to bring about what
you are talking about. It could be done.
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Cornwell Rumsey: If I had to sum up my feelings about where we are
now, I would say that the time is right, the conditions are right, and if
we can not make real progress now, shame on all of us.

[Applause. ]

Oaxaca: 1 am prepared to go another 40 years.
[Laughter.]

Gerber: I am not sure that the time is completely right. I think that
there's very deep-seated racism in America that thwarts individuals
and policies and programs. We wouldn't all he as frustrated as we are
and we wouldn't he in such recursive cycles of invention if that were
not the case.

I think that a lot of kids actually have to save themselves. It may
not he their fault, but it falls to them to pull themselves up, unfortu-
nately, and society can join with those kids. I really think that there
is not yet a sense of the urgency in the country for raising standards
for all kids. for holding the adults who are dealing with these kids
accountable for the kids' success. I think that the national leadership
doesn't want to make people uncomfortable by making that point, and
I think they are going to have to do it.

I think that we are going to have to, as a pcofession, at least in
education in my area, look at ourselves more sharply, and I think that
one way that we'll do that is by other folks coming in and looking at
us.

The kinds of things that NSF is sponsoring, talking about systemic
change, also cause us to reflect on things. So we need to be supportive
and we need to he patted on the back for trying, but I think we have
to recognize that we are a long, long way from truly helping kids
achieve what they need to achieve, which is to he learners.

Jaime was saying that valuing education, valuing ourselves as learn-
ersand the belief that in doing so, one will have an equal shot with
everybody else for the rewards that our society strews all around us
and puts on the televisionis just out of reach of some segments of
our society.

Williams: Perhaps at this point we will sec if there are questions from
the audience.

AUDIENCE COMMENTS
Question: I am a middle school teacher in Baltimore. I would like to
know why NSF will fund certain things and then just cut them off after
three years or so, especially programs that are helping to till the gap
of what the teachers can not do in the classroom due to the overwhelm-
ing number of kids. I have also heard of people not receiving the
funding. Why? What does NSF need to do to keep the flag flying?

Williams: Whv did NSF make those decisions? Most of them were
made before we actually decided to seriously problem solve. That has
already been spoken about. We decided to move to systemic ap-
proaches if projects are in the same community. For example. if we
were funding some highly fragmented, episodic (and in my judgment,
trivial, though important to cne or two or five teachers) ventures, we
ceased to fund them and pulled everything together in one coherent
problem-solving domain.

I know that is disconcerting to some individuals, but I try to keep
focused on the customer, and the customer is the student. If the stu-
dents arc profiting but the college professor is annoyed because he or
she did not get the grant, then that is secondary to the problem solving.
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Why three years? The answer is probably the same. We were in the
business of making grants, not problem solving. I assure you now we
are in the business of problem solving, so that kind of experience
should he minimal in the future.

Question: The second part is since you are in the business of making
grants, I think it would he fair of your section to have a standard
requirement regarding equipment or apparatus or materials that
should be in every school for the kids to work with, along with that
grant. Thank you.

Williams: And we intend to do that, again, by having the equipment,
as you heard here today, he a part of a larger set of issues. The
equipment alone is absolutely unimportant. Staff and professional de-
velopment without the equipment, without high standards, are abso-
lutely unimportant in NSF's view.

In summary, the point is that NSF is making a transition from taking
a problem set that has 10 variables and naming each one of the vari-
ables a program. operating those in isolation and assuming that we
are accomplishing something because we have a large number of
grantees. The issue is not the number of grantees. The issue is the
number of students who are afforded the opportunity to have chal-
lenging and quality-based education.

Question: I am with the California Academic Partnership Program,
and, more important, I am a school teacher in science. I am very
interested in the issue of technology versus goals and standards, be-
cause neither one will work without the other. The reason I have seen
so many computers locked up in classrooms is because there has not
been the technical support. Have you considered tying to grants that
give equipment the requirement for technical support in the class-
room?

Williams: Yes. Actually we are considering that in a very active fash-
ion. In fact, we are considering the following. Making provisions for
grant support is probably only 50 percent of our task. After we make
the grants, do we not have an obligation to provide technical assistance
to the individuals we have asked to actually implement the program?

So we are beginning to move into what I call the second phase of
our business, and we can not do that in isolation. This is a perfect
opportunity to make this a multipartner enterprise because there are
local industries, local businesses, private foundations, and a whole
host of individuals who could come together and assist us in what I
call part two of the process.

Question: First of all, 1 applaud you on this discussion. I think it has
been one of the most useful ones that I have heard in a while.

I think that we would agree it has always taken a community to
raise a child, and so my question is whether you think it is reasonable
that there should he a children's bill of rights, that a child should have
a quiet place to study at night, that they should have access to day
care, so that the children can come to school equally prepared or
equally able to be prepared.

Oaxaca: I do not think there should be a children's bill of rights. I
think the Bill of Rights is there for all Americans. I think that would
only create a big police force to make sure it was enforced, which
would create another bureaucracy that would then set up foolish rules.
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My colleague here said it is a joint problem: It is parents. teachers,
government, corporate America, academia. If we as a people fail in
accomplishing this, the country goes down the toilet, so we all have a
vested interest. We have to get everybody pointed in the right direc-
tion, because for a variety of reasons that have been discussed here,
it has not happened yet. I think any bureaucratic rules that would set
up that sort of thing take away the responsibility from those who
should have it to start withthe parents and the schools and that
system.

We arc going into the 21st century. The politics are right. We seem
to he able to reallocate our resources in a better fashion now so we
don't have to put as much money into defense, and we can now put
money into economic stability and social progress.

Question: I'm wondering why the standards apply to the students,
when it was even specifically stated that faculty arc too busy to take
the responsibility of making sure students get through school.

The reason I ask thiS is that there are a lot of people taking NSF
money to do research, and I am always surprised when I come here
how few of those academicians arc here participating and taking these
sorts of things seriously. What is NSF doing to ensure that those
schools arc represented here, and that those people (faculty) are doing
their job'? I think it is a multifaceted problem. and just doing research
isn't good enough. I am wondering why those standards are being
allowed to propagate.

Williams: Well, part of it is that you are looking at NSF. as Dr. Powell
indicated, growing out of a period of imbalance, when the research
enterprise was robust and the education enterprise was very modest.
That situation has been revised, which we are all pleased with, but
there clearly are two strong foci within the agency.

What is needed is a set of activities that would more effectively
integrate education and research, and we are beginning to make some
progress in that arena. For example, the Faculty Early Career Devel-
opment Award, which now provides the opportunity (I think for the
first time in the history of NSF) for a scientist or an engineer to make
an application to NSF requesting a bipolar award. "Here's my discrete
research program and here's the educational program. in one trans-
action." In other words, it is the kind of proposal t" at should he
submitted by members of the professorate, not researchers. So that is
a beginning step in the right direction.

Question: While I applaud your ideas and thoughts on this greater
issue, there is one thing I have to ask of you. Let me preface by saying
that I have friends who have been teaching at various levels of edu-
cation longer than I have been alivehigh school teachers, adminis-
trators, etc.and the one thing I have found out from them is, even
at the level of the district school board, the members arc really not
aware of what is going on in the classroom on a day-to-day basis.
While Mr. Clinton can postulate what should happen, once again,
there is a disconnect between reality and concept.

I would like to know what NSF or any of the other members here
are doing to make sure that the good intentions for which the money
is targeted are indeed occurring at that level of education.

Williams: Well, it is being pursued in various modes. At NSF, the
strategy we are using, and about which we are most hopeful, is the
systemic effort, because that makes every player participate. As Peter
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and others have observed, it is impossible for superintendents, or chief
State school officers, or the school board, or parents to be other than
integral players in the venture, because weto be bluntwon't do
business without them. That is the way to get at that problem. If all
the members of the community will not unite in a comprehensive effort
to address the needs of the students, then there will be no program.
There are other examples in other sectors.

CLOSING COMMENTS
We have to end this panel discussion. I would like to express appre-

ciation to the panelists, many of whom were assembled on short notice.
Peter Gerber noted that most members of Congress are committed
this afternoon to debating the Elementary and Secondary Education
Act. a very important activity, and they would not leave before the
vote. This group of talented people was able to come forward and
serve, which I think bodes well for the enterprise in terms of the
question I raised about whether we actually have the requisite talent.
I am more encouraged than I was before you performed.

Thank you very much.
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LUNCHEON FORUM

PRESIDER
James L. Powell
President and CEO
Los Angeles County Natural History Museum

Good afternoon. everyone. My name is Jim Powell. I am president and director of the Los Angeles
County Museum of Natural History and also chair of the Education and Human Resources Committee
of the National Science Board. It is my pleasure to join you for this luncheon and to welcome you and
to preside over it.

I am very pleased to introduce our speaker, Clifton Poodry, with whom I have really enjoyed chatting
as we sat up here together. He grew up on the Tonawanda Seneca Indian Reservation in western New
York and then moved a short distance away to SUNY Buffalo to receive his undergraduate and graduate
degrees. He then went on to Case Western Reserve in Cleveland to receive his doctorate in biology.

Most of his career since has been spent at the University of California at Santa Cruz, where he moved
through the faculty ranks to receive tenure and become professor of biology, chair of his department,
dean of natural sciences, and acting associate vice chancellor of the university. Along the way, he also
served as a program officer of the National Science Foundation.

The talent spotters here in Washington, D.C., noting this steady rise through academic positions.
have recruited him, and he is now serving as director of the Division of Minority Opportunities in
Research (MORE), National Institute of General Medical Services at the National Institutes of Health.

Along the way to receiving tenure and becoming a full professor at Santa Cruz, as you would suspect.
vou have to get research grants, do research, have undergraduate students, send them on to graduate
school and out the doctorate door. He has done that. He has received grants from NSF, from the Howard
Hughes Medical Institute, the American Cancer Society. and others. He's written many papers and he's
served on a number of important scientific and educational panels.

It is my pleasure to ask you to welcome Dr. Clifton Poodry.

KEYNOTE ADDRESS
Clifton A. Poodry
Director
Division of Minority Opportunities in Research (MORE)
National Institute of General Medical Services
National Institutes of Health

I would like to thank Dr. Williams for the invitation to speak at this luncheon and Dr. Powell for the
kind introduction.

First, I want to say that these are exciting times to be a scientist and a teacher. Second. I want to
emphasize that minorities not only deserve to he a part of this excitement, but we had better be for our
own good! Third, I will share ideas on at least one thing that needs to change in order to get more
minorities involved.

As I said, these arc exciting times to be a scientist and a teacher. In what seems to have been a blink
of an eye, the research in my area, developmental genetics. has moved in great leaps. Topics that were
imponderable 20 years ago, unanswerable questions suitable for Ph.D. qualifying exams, are now being
approached and solved using new technology. Cloning important genes, sequencing messages and
control regions, using the polymerase chain reaction (PCR) to detect and amplify extremely rare
sequences were either fantasy or beyond our imagination just 25 years ago. Basic sciencecuriosity
pursued to give us basic understandings of naturehas provided the underpinnings for amazing ad-
vancements in applied research. The first figure shows a little history of the studies leading to the
development of PCR and some of its applications. As you can see, the applications that we now enjoy
from that basic research arc important to our well-being in many ways: health, food, economic devel-
opment, and new basic research. The second figure shows another history lesson in the research that
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led to discoveries on the basis of Lou Gehrig's disease. As you can see, the products of research in
genetics, molecular biology, and chemistry converge to lead to potential clinical applications.

Yes, it is an exciting time to be a scientist and a teacher. Shouldn't minorities be sharing in the
excitement? Of course they should. Shouldn't minorities be helping to direct priorities for research,
including research to solve problems that disproportionately affect our communities? Of course they
should. It goes without saying.

What will it take to get underrepresented minorities less underrepresented in science, math, and
engineering? I could cite the depressing statistics of how far we have to go or I could list the programs
and the national efforts that are underway to address the problem. I could tell you how programs at
NIH are going to address the problem. But I prefer to focus on more personal than programmatic
aspects of the issues and share my own ideas on what needs to change at a personal. individual level.

Discovery is fun. It is motivating. Most of you already know that and that is why yo,t are here. From
my own experience I also know the importance of internal drive. I was an "underwhelming,- "under-
performing" student as an undergraduate. My overall average was a C; not a high C, just a C. I was so
naive that I thought a C was okay. I had a job interview at the end of my senior year for a position as a
technician in a nuclear recycling planta veritable Homer Simpson! I didn't get the job.

. . . Homer got it. So what do you do when you don't get the job? I went to graduate schoolto get
a master's in biology so I could teach high school and. hopefully, coach football.

Events during graduate research changed my direction. I recall my thoughts late one night walking
home from the lab where I was working on my project for a master's thesison how a newt sheds its
skin. It was a cold night in winter in Buffalo, but I was completely oblivious to the weather. I was warm
from the glow of discovery. I had just thought of a way to get a series of timed samples after a hormone
treatment from the same animal. No one else to my knowledge had ever done it that way. I was darn
near giddy. The feelings of euphoria at seeing new things or thinking new thoughts kept me going.

I applied to Ph.D. programs and took the GRE. When I scored in the 98th and 99th percentile I was
sure there was a mistake. I went to Case Western Reserve in Cleveland (the home of Congressman
Stokes). A couple of years into my Ph.D. research I knew, from my own observations, that the structure
of imaginal discs of Drosophila was not as it had been recently described in the literatureand that
the interpretation made a difference! It was important. How we thought of pattern formation and cellular
communication now made more sense. "Wow! This is heady stuff. It might actually get published."

The next several months, as the manuscript went through 1(1 revisions, were hard work. But let me
tell you that the feeling that you get when you put your first manuscript in the mailbox to send it off for
publication is incomparable. I had three extra copies in case the manuscript got lost in the mail. Fur
weeks I was beside myself with excitement. I would check the library for the latest journals. worrying.
wondering if someone else had made similar observations, wondering whether I'd he scooped before
our paper came out. The published paper was 44 pages long with many figures. The process and the
reception of the final product reinforced for me the pride in my work and the value of hard work. MY
paper would stand the test of time.

I learned from my pleasures in research the value of patience. for gratification in research is often
delayed. Not every idea pans out. Not every experiment works. But preparation pays. A thorough
knowledge of the literature, an experiment or analysis that is just that much more precise than those
done previously, the patience and determination. they can pay off with new insights, new observations.
or new revelations that no one else has ever had beforeand that is a kick in the pants! It is well worth
the work involved.

Whether we consider an activity work is a state of mind. My friendscientist, teacher, and textbook
author Vernon Avilatold of how as a youngster he had to work on the family farm, often digging and
clearing irrigation ditches to keep water flowing to the crops. It was work, hard work. And after work
he and his friends would play %var. They would build forts and dig trenches. Dig ditches! But this time
it was play; not work, just hard play. He realized at an early age that it is not the activity itself but
whether or not you are following your own direction that makes something work or play.

Speaking of effort. I want to share with you a story that involves effort and a man's refusal to adopt
a victim mentality. Ely S. Parker was an exceptional man from my reservation who, in the middle of
the last century, got an education anJ eventually a law degree. But he was not allowed to take the Bar
exam to practice lawbecause he was not a U.S. citizen. Do you know when American Indians were
granted citizenship? It was not until 1924, when my mother was a young girl. What would you do if,
after investing all your time and resources in your education, you were not allowed even to take the
certification exam? Ely Parker. not knowing that Indians were supposed to he right-brain. nonquanti-
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tative thinkers, went hack to the drawing hoard and became an engineer, the first American Indian
engineer. Among his many accomplishments, he helped build the Erie Canal and worked for the Army
Corps of Engineers. He served with Grant in the Civil War. Ely Parker penned the terms of surrender
at Appomattox. I wonder if I would have had his resolve. I wonder what pushed him forward.

Almost as much fun as discovering something yourself is to watch your students have the discovery
experience. It is akin to being a proud parent to sec your students grow and mature and to share the
joy and excitement. leaching is an endeavor that provides great satisfaction hut, as with research.
gratification is often delayed. Yet the impact of the phone calls or letters from grateful students. generally
a few and sometimes 1(1 years after the fact, thanking you for something that you do as a normal part
of your profession. is tremendous. I know I have been moved by letters from students long forgotten
and as a result have redoubled my resolve to be an even better teacher and mentor. It is worth the
effort.

Another thing that 1 have learned along the way is that long lunch speeches are not desirable. Brevity
is appreciated. So I want to conclude with two things that I have learned about learning. (When an
audience thinks that you are about to conclude they wake up. So I have just told you I am concluding
so you'll wake up and pay attention. My mentor used to do this about every 1() minutes in a 1-hour talk.
I learned it from him.)

The main reason we arc here today is that there arc too few minorities in science and engineering. I
am particularly concerned about those who are lost from the pipeline, denied the opportunity before
they ever had a chance to know whether science, math. or engineering was a possible career choice for
them. I attribute this condition, at least in part. to myths. Myths in education about the potential of
members of minority groups have certainly been responsible for closing the doors to otherwise capable
people. 1 want to comment on what I believe is one of the most damaging myths. It is damaging because
so many people have bought into itparents. children, teachers, you and I. It is as Pogo said. "We
have met the enemy and them is us.''

Why is your child getting C's and D's in math? "Johnny just doesn't have an aptitude for math. He's
more artistically inclined.''

Why are you getting C's in math and science'? "I am not good in math. I am not an egghead; I am a
people person.-

Why are these students not signed up for algebra and a college prep science class'? "It is commonly
known that minorities are right-brain thinkers. They will he better off taking a course in practical math
and vocational training.''

What is the myth that I am referring to'? It is that natural aptitude. more than effort, is the primary
determinant in how well one will do in science or math or in jobs where inquiry and quantitative skills
are needed.

Do they still give aptitude tests? I remember that my advisor said that 1 should be a forest ranger in
a fire observation tower. That was because I was very shy and was uncomfortable speaking to people.
So I ended up being a professor.

I will not deny that there is a continuum in native abilities. Not everyone has the natural talent to
become a professional basketball player, baseball player. or an Olympic medalist. But that pinnacle
aside, many people, if not most, have the abilities to enjoy sports, many at a competitive level. One of
my proudest accomplishments is having been a third-string football player in college under coach Buddy
Ryan. 1 made it up to second string and even had a partial scholarship by my senior year. Would it he
reasonable for everyone not destined to the professional leagues to shun physical activity'? Should only
potential professional artists learn to play musical instruments or enjoy photography or other art forms'?
Of course not.

Learning, whether mostly physical or mostly mental, takes time. It takes effort. Depending on the
state of mind, that effort may be work or it may be play. The notion that aptitude is more important
than effort is not universal, however. When Asian parents were asked similar questions about their
children's performance. what do you suppose they said'? Their response was that the children hadn't
put in enough effort.

I suspect that if we discard the myth of aptitude and instead believe that all children can learn, if we
have high expectations, if we provide more opportunities for them to discover, to learn for themselves.
to get reinforcement for actual learning and to experience the joy of feeling successful at learning
(nothing succeeds like success). they will learn that learning is worth the effort. It will take a broad
effort that will necessarily involve parents, community members, teachers, administrators, and scientists.
It will he worth our effort.
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My Hopi brother and friend Frank Dukepoo encourages students in the Native American Honor
Society to strive for a 4.(1. In asking youngsters to set real objectives for themselves he relates that
people often say. "I would like to get straight A's." Or "Gee, : would like to play the piano like Mary."
What they mean is, "I would like to get straight A's without studying" or "I would like to play the
piano without having to practice every day." What do you really want to achieve? And what are you
going to g,ie up so you have time to do it? Will you put in the effort?

Being a scientist has offered me many challenges as well as many exciting opportunities to he my own
boss, to follow my own curiosity, to stretch my imagination, to test my technical skills. and to hold my
ideas and interpretations up to any and all tor examination. It now offers me. in my position at NI H.
an opportunity to put my creativity to work in support of ways to extend those opportunities to groups
that have historically been outside of the scientific establishment.

I am hopeful that, with the leadership of the National Science Foundation, systemic educational
reform will occur in our communities, that new partnerships will develop to foster the inclusion of
minorities in the science and engineering workforce. With your effort, a broader spectrum of Americans
will enjoy the fruits of a good education so that a subset, with representation not limited to any particular
group, will aspire to the challenges and rewards of being a scientist, perhaps a professor. or maybe even
an administrator.
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AWARDS LUNCHEON

PRESIDER
Diana Garcia Prichard
Research Scientist
Eastman Kodak Company

I would like to take this time to introduce our speaker. Generally. the speakers that the National
Science Foundation presents at the Diversity conference have a curriculum vita much longer than their
speeches. Therefore, I'm going to select just a few things to say about our speaker.

She is presently the general superintendent of schools in Chicago. This is the third-largest school
system in the country with an enrollment of -111.000 and a staff of more than 45,000. She is also a
doctoral candidate in educational administration at Teachers College, Columbia University. She received
a master of science degree in science education from Long Island University, Brooklyn, New York. and
a master of science degree in supervision and administration from Baruch College, City University of
New York. Ms. Johnson has a bachelor of science in biology, with a chemistry minor, from Johnson C.
Smith College. Charlotte. North Carolina.

Before coming to Chicago. Ms. Johnson held numerous positions in the New York City school system,
serving as a teacher. principal, deputy community superintendent. and deputy chancellor for instruction.

She has been a guest speaker at numerous education association events and a guest lecturer. One of
the most interesting aspects of Argie K. Johnson's career is that she was a research biochemist for the
Veterans Administration Hospital in Brooklyn, New York. for 6 years.

She has been the recipient of many leadership. educational. and community service awards. I will
just mention a few: a citation in the Congressional Record: Outstanding Achievement Award from the
NAACP; Educator of the Year. Association of Black School Educators of New York: Leadership in
Education Award: Super Principal Award. She is affiliated with the National Council of Negro Women.
National Alliance of Black School Educators. Phi Delta Kappa Honor Society, and Delta Sigma Theta
Sorority.

Argie Johnson has had an illustrative career in education. I would like to welcome her now.

KEYNOTE ADDRESS
Argie K. Johnson
General Superintendent
Chicago Public Schools

Never before in time has there been such a diversity of ethnic. cultural, language, and religious
minorities in our Nation's schools. It is estimated that within the next 6 yearsby the year 2(100 one-
third of the Nation's school children will he ethnic minorities. In the city of Chicago, our public schools
are currently more than 80 percent minority, with more than 100 non-English languages spoken by our
students.

The phenomenon is not unique to Chicago. It is played out in urban areas across the country. In
metropolitan areas, the average percentage of students who are African American or Hispanic was 53
percent in 1991, compared to 20 percent outside the central city of metropolitan areas and 26 percent
'in nonmetropolitan areas.

With the ethnic and racial diversity of our student body growing more evident each year. what are
the major issues facing our society and our school systems as we work to educate youth for the 21st
century'? They are the issues of equity of educational resources regardless of economic class, race and
ethnicity, gender, or special needs. Additionally, there is the issue of the process of school reform in the
context of national standards that must he raised.

Where then do the noor, ethnic minorities, women, and those who have physical and emotional
challenges fit in the school systems of the United States? And what do these students and their families
want from our schools'?
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They want nothing more than what is promised in the State constitutions that outline the processes
and procedures for producing a literate citizenry. Today, a literate citizenry must he able to address the
issues surrounding science and technology in our society. These families must he encouraged to take
their rightful place, to take full advantage of what our schools can offer. The best education for some
is the best education for all.

Why science and math? They provide training and ways of thinking and processing information that
are the skills necessary to master other academic content material.

Where are we now with respect to the education of the poor, minorities, women, and those with
special needs in terms of providing entry into the scientific and technological workplace? How have
national standards movements helped this process to move forward? Is school reform making a differ-
ence? Are defining national standards and raising requirements for student achievement contrary to
reform?

Data from the National Center for Education Statistics have provided a comprehensive analysis of
the condition of education and a means to support conclusions about where progress is being made in
education as well as where it is not.

We can examine how much progress has been made in the areas we previously discussed:

How do children from low-income families progress through the educational system in comparison
to their high-income counterparts?

Children from low-income families are less likely to he enrolled in prekindergarten programs
than high-income children.
First graders from low-income families are twice as likely to he age 7 in 1st grade rather than
age 6.
As poor children progress through elementary school. they are more likely to be above the
typical age for their grade. increasing from 9 percent in 1st grade to 19 percent in 4th grade to
30 percent in 7th grade.
Nationally, 11 percent of high school students from low-income families drop out of school
compared to 1 percent for high-income families. This statistic does not speak to the enormous
dropout rate in urban school districts where the poor are concentrated. There you can find
dropout rates from 5(1 percent to 75 percent. These children are the natural resources of the
gang culture.
Among students who do graduate from high school, only 40 percent from low-income families
enroll in college compared to 78 percent from high-income families.

These indicators suggest that children from poor families progress more slowly and not as far through
the educational system as those from high-income families.

Do students who are from low-income families and who leave the education system make a
smooth transition to the workforce?

Among high school graduates who did not enroll in college, those from low-income families
were less likely to he employed than those from high-income families (49 percent compared to
73 percent). Dropouts were even less likely to he employed. These young adults are the natural
resources of the welfare system.
Data clearly show that African American high school graduates continue to lag behind whites
in terms of employment, but even more tragic is the fact that, on average, white dropouts are
more readily employed than African American high school graduates!
Statistics clearly show that educational attainment has a positive impact on earning power in
males, regardless of age, but African Americans continue to trail behind whites in earning
power. regardless of educational attainment.
Data for females is more encouraging, with educated females earning considerably above the
average for high school graduates. Keep in mind. though, that the baseline salary is lower for
females than it is for males.

How are racial and ethnic minorities doing as reported in The Condition of Education /993?

While national trends for the enrollment of 3- to 4-year-olds into prekindergarten programs
have increased, the increase was larger for whites than for African Americans and Hispanics.
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The percentage of African American high school graduates going directly to college rose 8
percentage points between 1974 and 1990. During the same period, the enrollment rate for
whites rose 14 percentage points.
In 1990, African Americans and Hispanics were about equally likely to go directly to college,
but both were less likely to do so than whites.
Although overall scores have not changed much over 2 decades, the National Assessment of
Educational Progress gives evidence that the large gap in achievement between whites and
minorities has narrowed substantially. African Americans and Hispanics have improved relative
to whites in reading, mathematics, and science, although the improvement among Hispanics
was less significant.
Public schools with few disadvantaged youth were more likely to have programs for exceptional
children, diagnostic services, and extended day program offerings in their schools than public
schools with a high level of student poverty.

As the bumblebee wings its way among the flowers on a warm summer day, despite aerodynamic
principles proclaiming that it can't he done, so do unrecognized citizens with physical disabilities go
about their daily lives achieving what most of us would consider impossible. nospite knowing what can
he achieved by people with disabilities, their representation in the scientific and technological workforce
is dismally low. Even with Federal legislation such as the 1990 Americans with Disabilities Act, we are
painfully slow at giving access, not only to buildings, buses, water fountains, telephones, and washroom
facilities, but also to thin!' that really mattereducational programs and job opportunities at the
highest levels.

How are our female students achieving these days?

An increasing number of girls are reported as having taken high school chemistry and physics
classes.
The average proficienc. `. females taking high school science increased significantly from 1986
to 1992, whereas achievement of their male counterparts remained fairly constant.
While males and females have similar proficiency in mathematics in early adolescence, a per-
sistent gap develops in high school. While there is an overall decrease in performance in
mathematics between the Renders, the performance gap between male and female 17-year-olds
appears to narrow only slightly.
Despite all the efforts of the feminist movement, research into gender equity continues to show
females remain underrepresented at the highest levels of management. commerce, science,
technology, industry, and higher education. The only area in which women consistently outper-
form men is in childbearing!

The disparities between males and females, and among racial and ethnic groups, continue as these
students pursue advanced scientific and technological education and enter careers.

Of the 38.814 doctorates earned in the United States in 1992, 37 percent were earned by women.
Of the 19,043 doctorates earned in the United States in the fields of science and technology.
only 24 percent were earned by women.
Recent statistics show that 83 percent of the doctorates earned by U.S. citizens and those with
permanent visas in scientific and technological fields are earned by whites. Asians arc far behind
with 10 percent. Other minorities trail them.
Of the 19,000 doctorates earned in 1992 in the fields associated with science and technology,
only 201 went to African Americans, 317 were awarded to Hispanics and a mere 47 went to
Native Americans.

The challenge to today's schools in particular and to American society in general is to examine ways
in which we can parlay this valuable resource of ethnic diversity and talent into fuel for our economic
engine so that all citizens can realize the American, Dream.

If education indeed empowers the citizenry, let us take a look at exactly which groups are
maximizing educational opportunities in the United States in the areas of science and technology.

The U.S. Department of Labor, Bureau of Labor Statistics shows a great disparity in the
employment of African Americans and Hispanics in various fields of science.
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While women fare much better, many of them are employed in the health care industry in low-

paying jobs, such as nurses aides and licensed practical nurses. Few are represented in engi-

neering and precision industries.

What about the earning power of these graduates?

In the areas of computer science and engineering, the median salary for college graduates far
exceeds that of graduates in other fields. Yet, minorities and women continue to be underre-

presented in these high-paying positions.

As school districts grapple with the issue of setting high standards for their students in response to

legislationfor example, in Goals 2000 Educate Americaurban educators are constantly barraged

with naysayers who believe that high standards will increase the already alarming dropout rate. Are we

raising the bar too high? Research by Angus and Miriel at the University of Michigan and Northern
Illinois University, respectively, shows that since A Nation at Risk, enrollment rates in both science and

mathematics courses have increased. Even more telling is that these increases were in traditional
academic courses: biology, chemistry, physics. algebra, geometry, trigonomc'ry, and advanced mathe-

matics. Moreover, enrollment rates in general science courses seem to he on the wane. Changing high

school graduation requirements, more rigorous college admission requirements, reform efforts to

achieve scientific literacy among the general populace, and efforts to increase the pool of potential
scientists and engineers, including minorities and women, have all contributed to this upward trend in

numbers and to the kinds of courses students are taking.
This trend was confirmed by the latest National Assessment of Educational Progress, which shows

that mathematics and science achievement among students aged 9 to 17 generally improved after a
period of decline during the previous decade. This comforting statistic has to he tempered with others,

which show our children well behind other nations in science and mathematics achievement.
The authors of Rhetoric and Reality: The American High School Curriculum, 1945-1990 found that

African American and Hispanic students who increased their academic course load showed an increase

in SAT scores. African Americans taking more rigorous courses also registered a decline in their dropout

rate.
Assisted by the National Science Foundation and fueled by the national standards movements of the

National Council of Teachers of Mathematics, the American Association for the Advancement of
Science, and the National Research Council, the scientific and mathematical needs of all children arc

being given great attention.
The urban centers of this country are where you find a concentration of the poor. minorities, and the

disabled. If any progress in education is to he made with these groups, concentrated, sustained, and

systemic reform efforts must he made in order to bring about change. The State and urban systemic

initiatives funded by the National Science Foundation will serve as the catalyst for the reform of science.

mathematics, and technological education.
How can we attain educational parity with other nations? How can the United States become first in

the world in science and mathematics? May I suggest the following:

Adopting the National Science Foundation Urban Systemic Initiative Goals in all school districts:

To provide the scientific and mathematical literacy of all students;
To provide the mathematics and science fundamentals that will permit all students to participate

in a technological society; and
Ti enable a significantly greater number of students to pursue careers in mathematics, science.

engineering, and technology

Embarking on a course of systemic change that includes, but is not limited to. the following:

Building and sustaining a positive climate for change in mathematics, science, and technology

education;
Designing, implementing, and institutionalizing a comprehensive program for improved student
instruction, professional development, and community education that ensures high quality
mathematics, science, and technology education for all students;
Advancing policy frameworks that ensure a rich, demanding, and rigorous currict.lum of aca-

demic subjects;
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Raising expectations and graduation requirements to reflect the skills students will need to he
successful in a technological society;
Improving infrastructures (organizational, physical, and technological);
Aligning the resources necessary to support high-quality mathematics, science, and technology
education for all students;
Reducing and closing the academic achievement gap between whites and nonwhites and between
the urban child and the suburban child with respect to State and national norms in mathematics
and science by establishing high standards and attainable benchmarks;
Changing belief systems with respect to the learning abilities of all children;
Examining our administrative practices and changing them in accordance with best practices inmanagement.

The technical skills of a nation's workers are a critical component of its economic competitiveness.
The youth of today will be tomorrow's workers and will he competing in a global marketplace. They
will depend on the mathematics, science, and technology learned in this decade. Their ability to succeed
after the turn of the century is largely dependent upon what we do now to prepare them.

Let us make a concerted effort toward celebrating our diversity instead of defining our differences.The whole world marvels at the great American experiment of a heterogeneous society. There is nodoubt that, due to our short history, we arc making up the rules of American society as we go along.
We have made mistakes, to be sure. but there is no mistake that America's diversity is an asset and not
a liability, and that her greatness will continue to depend on the contributions made by all citizens
without regard to gender, race,. income level, or ethnicity.

We cannot expect anyone to contribute to society unless he or she is prepared. Schools arc the place
where this preparation has to take place. If America can dedicate a decade to developing the finest
defense systems that money can buy, what precludes it from doing the same with education? What holds
America back from investing in the education of its citizens? I suggest to you that an educated citizenryis a very powerful weapon.

My sincere congratulations arc extended to those of you who will receive awards today. Your accom-
plishments are a testament to what can be achieved by those who overcome obstacles, put on blinders
to distractions, and participate fully in the American educational process. Your task, however, is notcomplete. By earning recognition, you also take on the greater burden of serving as mentors to thosewho will follow you. I urge you to accept the challenge. We who work in schools every day need yourhelp. good will, and splendid example as role models. There are too few of you achieving at this level,so the burden is even greater. I hope that you will accept this challenge in the spirit of this significantlyric:

40

The road is long, with many a winding turn;
Which leads to who knows where, who knows where?
But I'm strong,. strong enough to carry him;
He ain't heavyhe's my brother.

Thank you for allowing me this opportunity to address you.
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AWARD PRESENTATIONS

PRESIDER
Diana Garcia Prichard
Research Scientist
Eastman Kodak Company

An integral part of the National Science Foundation's National Conference on Diversity in the
Scientific and Technological Workforce has been the presentation of awards to outstanding students,
researchers, and leaders in the field of science, engineering, mathematics, and technology education for
minority groups underrepresented in these fields. This third year of the conference we continue this
tradition. More than 300 student participants in NSF-sponsored research activities have presented their
findings here in panel and poster settings. The disciplines represented include chemistry. physics,
engineering, biology, and the social sciences.

Students entered the research competition by submitting a formal research paper based on their
conference presentations. Papers were reviewed by NSF research scientists and science educators, and
finalists were selected in three categories: precollege, undergraduate, and graduate. The National
Science Foundation staff judges attended the presentations of all the finalists, and winners hav seen
selected.

Before we present the awards, we would like to formally recognize the many NSF scientists, mathe-
maticians, engineers, and science educators who volunteered their time to review the research papers
and to judge the presentations. Those of you who are here today. please stand and receive your well-
deserved round of applause.
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STUDENT RESEARCH AWARDS

PRECOLLEGE STUDENT RESEARCH AWARDS

Sponsor: National Science Teachers Association (NSTA)

Presenter: Marvin Druger, President, NSTA

AkVa Rice : Terrence R. Ruffin, Laney High School, 9th Grade, University of North Carolina
Summer Science Camp Program

Title of Paper: "Barrier Island Topography and Vegetation Zones"
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PRECOLLEGE STUDENT RESEARCH AWARDS

Sponsor: National Science Teachers Association (NSTA)

Presenter: Marvin Druger, President, NSTA

Awardee: Felicia Nicole Colon-Barnes, Holy Name Academy, 9th Grade, Seattle University
Summer Science Camp Program

Title of Paper: "Aerodynamics in Action"
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PRECOLLEGE STUDENT RESEARCH AWARDS

Sponsor:

Presenter:

Awarder:

Title of Paper:

National Science Teachers Association (NSTA)

Marvin Druger, President, NSTA

Roosevelt R. Love, Beaumont High School. Senior, St. Louis. Missouri,
Comprehensive Regional Centers for Minorities Program

"Study of the St. Louis Metropolitan Metro-Link Light Rail Station Canopies"
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PRECOLLEGE STUDENT RESEARCH AWARDS

Sponsor:

Presenter:

Awardee:

Title of Paper:

National Science Teachers Association (NSTA)

Marvin Druger, President, NSTA

Liza Gabriella Ruvalcaba, Soccorro High School, 10th Grade, El Paso, Texas,
Comprehensive Regional Centers for Minorities Program

"Drainage Time of a Roughly Cylindrical Container as a Function of Hole
Diameter and Initial Water Height"

The National Science Teachers Association is the largest organization committed to the improvement
of science education in all areas, from preschool to college. Currently, NSTA has about 50,000 members.
We provide a variety of journals, conventions, student services, competitions, awards, and many other
services.

If anybody would like to join, I just happen to have some cards in my pocket. As president. I'm
empowered to give a 10 percent discount, so anybody who'd like to join, please see me.

As president, I also have the privilege and great honor to attend this conference, and notwithstanding
the fine presentations of my distinguished colleagues, I was most impressed by the student presentations.
More than 40 presentations at this conference were made by middle and high school students who are
participants in the Summer Science Camps (SSC) and the Comprehensive Regional Centers for Minor-
ities (CRCM) programs. The NSF. SSC, and CRCM programs served approximately 50,000 precollege
students in 1993, and these students are our future scientists, engineers, and mathematicians.

What impressed me most was how bright, creative, poised, and articulate these students are. They're
excited about science and they know what they're talking about. Somehow, I can't remember being that
smart when I was that young. This is a wonderful opportunity to sec what our scientists of the future
are like, and they make me feel very optimistic about this future.

Obviously, it was very difficult to select winners. To all the students, I can only say that everybody
here is obviously a winner as a result of this experience. To all of the students who are here, you will
not forget this. It will become part of what you arc; you will remember the friends you met here, and
you will remember the excitement of being at a professional scientific meeting.
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A famous saying that I just made up: We learn from everyone whom we meet, and everything that
we do becomes part of what we arc." So Um very happy to see that these students have learned
something here and will go away with a good feeling about themselves and about their projects.

There arc two categories of "winner-winners," which I'll have to call them, since everybody's a
winner. One set of winner-winners came from the Summer Science Camp Program, and two winners
are from the Comprehensive Regional Centers for Minorities. Each of the four students will receive
from the National Science Teachers Association a plaque, a subscription to Discovery magazine or
Quantum magazine, andbecause we like to help them go far in lifethey also will receive an open
airline ticket to anywhere in the United States, roundtrip, of course.

Marvin Drugcr
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UNDERGRADUATE STUDENT RESEARCH AWARDS

Sponsor: Phi Beta Kappa

Presenter: Virginia R. Ferris, Executive Committee, Phi Beta Kappa and Professor of
Entomology, Purdue University

Awardee: Monica Renee Page, Tennessee State University, Senior, Research Improvement in
Minority Institutions Program

Title of Paper: "Application of Interval Modeling Techniques to Robust Control of Slewing Beams
with Loads"

Awardee: Gisela Rodriguez Rosado. University of Puerto Rico, Senior, Research Careers for
Minority Scholars Program

Title of Paper: "Triisopropylsilanol: A New Phase Transfer Catalyst for Dehydrohalogenation"

From left to right: Gisela Rosado, Monica Page, Virginia Ferris

The Phi Beta Kappa Society is honored to participate in this ceremony and to recognize the achieve-
ments of undergraduate students. The purpose of the Phi Beta Kappa Society is to encourage and
further education in the liberal arts and sciences. We recognize that the role of science is often under-
valued in education and we also recognize the importance for the country of encouraging undergradu-
ates, particularly minority students, in scientific study and research.

Phi Beta Kappa also recognizes the important role that undergraduate student research plays in
strengthening interactions between faculty members and students, and how much research encourages
students not only to complete their undergraduate work, but also to pursue advanced studies. I speak
this from the heart because I am a practicing bench scientist myself and also a teacher.

NSF's leadership role in providing opportunities for minority students to participate in undergraduate
research is amply illustrated by the number of undergraduate research presentations in science, engi-
neering, and mathematics at this conference. Of the more than 300 research presentations, approxi-
mately 42 percent were from NSF's premiere undergraduate programs, the Alliances for Minority
Participation (AMP) Program and the Research Careers for Minority Scholars Program. These pro-
grams have an outstanding record of providing the support needed for minority students, enabling them
to pursue degrees in science, engineering, and mathematics at the undergraduate level, and together
they currently support more than 50,000 of the next generation of minority scientists, engineers. and
mathematicians.

Papers were submitted by students representing these two programs and by students sponsored by
other directorates at NSF. I should note that because of the large number of high-quality papers
submitted to the competition. NSF has joined with Phi Beta Kappa to present two awards today. Both
students will receive a check for $500 and a plaque from Phi Beta Kappa honoring their achievements.

Virginia Ferris
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GRADUATE STUDENT RESEARCH AWARDS

Sponsor:

Presenter:

Awarder:

Title of Paper:

Council of Graduate Schools (CGS)

Anne S. Pruitt, Dean in Residence, CGS, and member, NSF Committee on Equal
Opportunities in Science and Engineering

Thomas Tenorio, New Mexico State University, Ph.D. student, Research
Improvement in Minority Institutions Program

"Creating an Object-Oriented Test Repository"
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GRADUATE STUDENT RESEARCH AWARDS

Sponsor: Council of Graduate SChools (CGS)

Presenter: Anne S. Pruitt, Dean in Residence, CGS, and member, NSF Committee on Equal
Opportunities in Science and Engineering

Awarder: Nathaniel A. Whitmal, HI, Northwestern University, Ph.D. candidate, Engineering
Directorate Program

Title of Paper: "Noise Reduction Methods for Speech Enhancement"

I have two awards to make, but first I want to join the other presenters in saying how impressive this
conference has been and that we are, indeed, working with the scientists of the future.

The Council of Graduate Schools is honored to present the awards for the outstanding graduate
student research papers and presentations at this conference. We present the award in recognition of
NSF's leadership role in providing quality education for minority students who are underrepresented in
science, mathematics, and engineering, and as a reflection of our strong support for NSF's efforts.

The graduate students who participated in this competition represent two programs of the Directorate
for Education and Human Resources that focus on graduate education for minority students. One
program is the Minority Research Centers of Excellence, which seeks to update the capabilities of the
most research-productive minority institutions and to provide increased opportunities for minority
faculty, and students to engage in competitive research.

The second program is Research Improvement in Minority Institutions, which provides grants to
strengthen the research capabilities and infrastructures of institutions with substantial minority enroll
ments that have graduate programs in science or engineering. lbgether, these programs arc responsible
for a significant increase in the number of minority doctoral candidates and graduates in the last 3 years.

On behalf of the Council of Graduate Schools, I would like to present each of the winners with a
check for $500 and a plaque that reads, "The Graduate Student Achievement Award is presented by
the Council of Graduate Schools in recognition of an outstanding research paper presented at the
National Science Foundation Conference, Diversity in the Scientific and Technological Workforce,
October 1, 1994, Washington, D.C." It is signed by Jules B. LaPidus, President of the Council of
Graduate Schools.
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SCIENCE, ENGINEERING, AND MATHEMATICS
LEADERSHIP AWARDS

The science, mathematics, engineering, and technology (SMET) education of minority students
requires a comprehensive effort involving all segments of the community, including administrators,
teachers. parents, and private-sector corporations. Some persons and institutions have a history of
involvement in this effort and stand out as leaders in the field of science and education equity; a few
persons have devoted their entire professional careers to the effort. NSF has created several awards to
recognize and honor these persons and institutions for their creativity, dedication, and long-term efforts
to expand educational options for minority students in science and technology. Their efforts have resulted
directly in increased participation by minority students in the science and technology enterprise.

The award presentations are summarized below. The awardces each receive a hand-lettered, framed
certificate signed by the director, NSF, and the assistant director, Education and Human Resources.
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EDUCATOR ACHIEVEMENT AWARD

Sponsor: NSF, Directorate for Education and Human Resources

Presenter: Eugene DcLoatch, Dean, School of Engineering, Morgan State University

Awardee: Eloy Rodriguez
James Perkins Professor of Environmental Studies, Cornell University

From left to right, Eloy Rodriguez, Eugene DeLoatch

Dr. Eloy Rodriguez, former professor in the School of Biological Sciences at the University of
California at Irvine. is an internationally recognized phytochemist, toxicologist, and dermatoxicologist.
He received his B.A. degree in zoology from the University of Texas at Austin and his Ph.D. in
photochemistry and plant biology at the same university. During his professional career, he was an
Endo-American Fulbright Senior Scholar Lecturer, a visiting professor and research scientist at the
University of British Columbia, an invited lecturer of the Chinese Academy of Sciences in the People's
Republic of China, and a visiting professor and research scientist at the University of California at San
Francisco. Dr. Rodriguez currently holds a chair at Cornell University.

Dr. Rodriguez was raised in Hidalgo County in south Texas, then the poorest per capita region in
the United States. Ever conscious of his background, he continues to make special efforts to deliver
lectures throughout the southwestern. United States, inspiring students to consider careers in science,
mathematics, engineering, a:-:d technology. He has a special commitment to promote academic excel-
lence among Chicano, Latino, and other minority students in science and engineering.

His efforts have led to the development of several programs: the International Chicano Studies
Program, which involves the Chicano community in seminars, special faculty research projects, and the
arts; and the Kids Investigating and Discovering Science Program (KIDS), which hosts summer and
Saturday science instruction for minority students in kindergarten through 6th grade and their parents.
Students in the KIDS Program participate in hands-on data collection and analysis and exchange
scientific data with students at schools throughout the Nation and world through the KIDS Network
Innovative Telecommunication Program. Dr. Rodriguez also is the former director of the California
Alliances for Minority Participation program grant from the National Science Foundation.

Dr. Rodriguez has received the prestigious American Association for Higher Education Hispanic
Caucus Award and the first Hispanic Educator Award from the League of Latin American Citizens
(LULAC).

Eugene DeLoatch
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EDUCATOR ACHIEVEMENT AWARD

Sponsor: NSF, Directorate for Education and Human Resources

Presenter: Eugene DeLoatch, Dean, School of Engineering, Morgan State University

Awardee: Mary Hatwood Futrell
Past President, National Education Association and Director, Institute for
Curriculum, Standards, and Technology

1

Dr. Mary Hatwood Futrell began her formal career in education as a high school teacher in Alex-
andria, Virginia, in 1963. She received her bachelor's degree in business education from Virginia State
College .(now University) and her master's and doctorate in education from George Washington Uni-
versity. She moved through the ranks of the National Education Association (NEA) to become the
president of this 2.2-million-member organization in 1983.

The development of standards for science and technology education is critical to the national effort
to reform science and mathematics education for all children. During Dr. Futrell's 6-year tenure as
NEA president, she led the organization's collaborative effort with other national organizations to
develop. disseminate. and implement national standards for mathematics and science education. For
example. NEA not only endorsed the standards of the National Council of Teachers of Mathematics
(NCTM) but also disseminated them to its more than 2 million members through State NEA presidents
and national hoard members and supported implementation efforts. From her position as a hoard
member of the National Board for Professional Teaching Standards (NBPTS), Dr. Futrell facilitated
collaboration among NBPTS, NCTM, and NSTA in the development of national teacher certification
standards.

Dr. Fuii ell has been honored by numerous organizations. including the Congressional Black Caucus,
the Virginia Women's Hall of Fame, Ebony magazine (Outstanding US Black Professional), Ladies
Home Journal (100 Top Women in America), the NAACP (President's Award), and the National Council
on Bilingual Education. She holds honorary doctoral degrees from many universities, including Spelman
College. North Carolina Central. Xavier University, the University of Michigan, and George Washington
University. She has published in Phi Delta Kappan, the Phi Kappa Phi Journal, and the Journal of
Negro Education, among others. She holds office in many national and international organizations,
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including the Institute for Educational Leadership, the Carnegie Foundation for the Advancement of
Teaching. and the National Commission on Working Women. She is also no stranger to the National
Science Foundation, having served on the EHR Directorate Advisory Committee.

Currently an associate professor, Department of Educational Leadership, and director of the Institute
for Curriculum Standards and Technology at George Washington University, Dr. Futrell continues her
efforts as an advocate for educational reform. As president of Education International, a 20-million-
member organization with representatives from 130 countries, she is leading the organization's effort
to provide equal access to a quality education for all children. She also serves as project director.
Annenberg Mathematics and Science Teacher Leadership Corp Project. In this position; she is respon-
sible for training 100 minority teachers nationwide as leaders in the science, mathematics, and technology
education reform movement. Over the last 2 years, these teachers have reached approximately 5,000 of
their colleagues.

Eugene DeLoatch
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EDUCATOR ACHIEVEMENT AWARD

Sponsor: NSF, Directorate for Education and Human Resources

Presenter: Eugene DeLoatch, Dean, School of Engineering, Morgan State University

Awardce: Dr. Freeman A. Hrabowski, III
President, University of Maryland at Baltimore County

ihc
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From left to right, Freeman Hrabowski, Eugene DeLoatch.

Dr. Freeman A. Hrabowski, III, is the fifth president of the University of Maryland at Baltimore
County. At the age of 42, he is one of the youngest African American presidents of a major American
institution of higher education. He is recognized nationally for establishing and managing exemplary
education programs, especially for African Americans who will be prominent among the scientists and
engineers of the 21st century.

Dr. Hrabowski's hometown is Birmingham, Alabama. He graduated from high school when he was
15 years old, and at the age of 19 he received his undergraduate degree in mathematics with highest
honors from Hampton Institute (now Hampton University). He attended the University of Illinois at
Urbana-Champaign, where he earned a master of arts in mathematics and a Ph.D. in higher education
administration.

Dr. Hrabowski has served in several academic and administrative positions at the University of
Illinois, Alabama A&M University, and Coppin State College in Baltimore. He came to the University
of Maryland. Baltimore County, in 1987 as vice provost and became executive vice president and vice
provost 3 years later. He was inaugurated as president of UMBC on September 24, 1993.

President Hrabowski is perhaps best known for the extraordinary success of the Meyerhoff Scholars
Program at UMBC. This program, which began in 1988 with a $522.000 grant from the Robert and
Jane Meyerhoff Foundation, is designed to increase student retention and improve the quality of the
UMBC student body. This is accomplished through the recruitment of high-ability African American
students who are awarded full 4-year scholarships. A great deal of personal guidance is provided to get
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them into the best graduate schools. The Meyerhoff Scholarship Program also receives funding from
the National Science Foundation, Research Careers for Minority Scholars Program.

One of Dr. Hrabowski's favorite poems is "Hold Fast to Dreams" by Langston Hughes. The poem
reads.

Hold fast to dreams,
For if dreams die,
Life is a broken-winged bird that cannot fly.
Hold fast to dreams,
For when dreams go.
Life is a barren field frozen with snow.

Freeman Hrahowski, it is a delightful pleasure for me, as one of your higher education colleagues in
the State of Maryland, to award you the NSF Educator Award for 1994. You have truly helped students
hold fast to their dreams.

Eugene DeLoatch
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INSTITUTIONAL ACHIEVEMENT AWARD

Sponsor: NSF, Directorate for Education and Human Resources

Presenter: Jaime Oaxaca, National Science Board Member and Vice Chairman, Coronado
Communications Corporation

Awardce: Arizona State University
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Accepting the award, (left), Robert E. Barnhill, Vice President for Research and Strategic Initiatives

Arizona State University is located near the center of metropolitan Phoenix in Maricopa County,
where nearly 60 percent of the State's population resides. While the university has been designated as
a Carnegie Research I Institution and has an enrollment of approximately 44,0(X) full-time and part-
time students, emphasis is placed on increasing the academic achievement of minorities, who are
underrepresented in science and engineering.

Arizona State University prides itself on being one of the leading universities in the Nation in
developing programs to address key issues to increase the participation and accomplishments of under-
represented minorities in science. engincerin4, and mathematics disciplines. These programs include a
major role in initiating and implementing a successful AMP program, an undergraduate program
supported by NSF to significantly increase the number of minorities who earn baccalaureate degrees in
science, engineering, and mathematics disciplines, and the Project to Improve Minority Education
(PRIME), a precollege program that introduced systemic curriculum changes with high academic
expectations. PRIME has been in continuous operation in Arizona since 1988 and has served more than
50,000 students. The Institute for Strengthening Underrepresented Minority Students in Mathematics
and Science (SUMMS) has been successful in increasing the number of minority students who are
enrolled as mathematics majors at Arizona State University. Project 1000 is a program that has made
an impact on the number of minority students who enter graduate school to study science, engineering,
and mathematics.

For its commitment of ensuring that minorities play an expanded and significant role in the university
environment as well as in science, engineering, and mathematics, this NSF Institutional Award for 1994
is presented to Arizona State University.
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INSTITUTIONAL ACHIEVEMENT AWARD

Sponsor: NSF, Directorate for Education and Human Resources

Presenter: Jaime Oaxaca, National Science Board Member and Vice Chairman, Coronado
Communications Corporation

Awardee: Spelman College

Accepting the award, (left), Etta Z. Falconer, Calloway Professor of Mathematicsand Associate Provost

for Science Programs and Policy

Spelman, a private liberal arts college, was founded in 1881 in Atlanta as the first U.S. college
primarily for black women. The college's diverse student body is composed of 2,000 women representing
42 states and 20 countries. Spelman's success in producing leaders is quite evident in the sciences. Close

to 40 percent of Spelman students major in science, mathematics, or a dual-degree program in engi-
neering, and 30 percent graduate annually in these fields. In 1994, 121 of the 407 graduates earned
degrees in science and related fields.

Spelman College is ranked second for the number of African American baccalaureate degrees

awarded in mathematics, fifth among all U.S. institutions in the number of African Americans admitted
to medical school, and is one of only two historically black institutions ranked by the Carnegie Foun-
dation as Baccalaureate I institutions, based on the competitive admissions process and the number of
undergraduate degrees conferred. Last year Spelman established the Center for Scientific Applications
of Mathematics to strengthen faculty and student research, contribute to the science and mathematics
education of local high school students, expand the body of knowledge on undergraduate education in
mathematics, and promote the development of interdisciplinary curricula. With a 45 percent increase
in the number of science majors pursuing Ph.D. degrees, Spelman is poised to continue to address the
challenge of the participation of African American women in science and technology fields.

Jaime Oaxaca
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INSTITUTIONAL ACHIEVEMENT AWARD

Sponsor: NSF, Directorate for Education and Human Resources

Presenter: Jaime Oaxaca, National Science Board Member and Vice Chairman, Coronado
Communications Corporation

Awardee: Maricopa County Community College District
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Accepting the award, (left), Don Campbell, member, Governing Board, Maricopa County Community
College

The Maricopa County Community College District has carved out an important niche in higher
education in Arizona and the United States. Ten colleges make up the Nation's second-largest multi-
college community college district. This is the State's single largest provider of higher education.

The Maricopa County Community Colleges share a common vision: to strive to exceed the changing
expectations of their many communities for effective, student-centered, flexible, and lifelong educational
opportunities. Faculty and staff are committed to the principles of diversity. This institution is known
for its emphasis on teaching and learning. Nearly 170,000 students attend the colleges each year.

Maricopa serves a large minority population-26.1 percent. More than 11.5 percent of its students
arc Hispanic, almost 4 percent are African American, 2.6 percent are American Indian and 8 are
other minority grd-UPs.

Inherent in the district's mission is providing service to minority students who attend the area's
elementary and secondary schools. That service and attention include programs such as the NSF-
sponsored Comprehensive Regional Centers for Minorities (CRCM), the American Indian Science.
Engineering, and Mathematics (AIMES) program, the Urban Systemic Initiative, and additional pro-
grams such as Achieving a College Education (ACE). which enables minority students to begin college
studies as high school juniors. Another program, Seamless Web, is designed to carry minority students
through graduate school.

The Maricopa County Community College District plays a leading role in the Phoenix Think Tank
an umbrella organization dedicated to the success of all students in an education pipeline that extends
from kindergarten through high school to the Maricopa County Community Colleges and on to Arizona
State University.

The Maricopa County Community College District enjoys a strong relationship with Arizona State
University. The two institutions work hand in hand to ensure a solid articulation process, with special
emphasis on increasing the achievement of minority students, in science, engineering and mathematics.

For its leadership and dedication to improving the quality of learning in science and mathematics for
all students, and for its notable efforts for minorities at the precollege level through the CRCM project.
this NSF Institutional Award is presented : 4,e Maricopa County Community College District.

Jaime Oaxaca
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LIFETIME ACHIEVEMENT AWARD
Sponsor:

Presenter:

Awardee :

NSF, Directorate for Education and Human Resources

Luther S. Williams, Assistant Director, EHR

Warren E. Henry
Professor Emeritus and Research and Seminar Director, Minority Access to
Research Careers, Howard University

This award was initiated at the first Diversity Conference and its purpose is to honor individuals who,
over a sustained period, have exemplified the very finest in their individual careers and have had a major
mentorship role. The idea is. most assuredly, to honor these individuals for lifetime achievement, but it
also develops a pool of senior individuals with respect to stature, not age, who can participate in NSF's
programming.

Warren Henry earned a bachelor's degree in mathematics at the Tuskegee Institute (now University):
a master's degree in organic chemistry from Atlanta University (now Clark Atlanta): and a Ph.D. in
physical chemistry and physics at the University of Chicago. He did postdoctoral work in mathematics
at MIT and in physics at the Catholic University of America and the University of Maryland. His
academic predoctoral and postdoctoral training included periods of study and research with three Nobel
laureates: James Franks, Wolfgang Pauley, and A. H. Compton.

His distinguished academic career has covered more than 50 years, and I'll only highlight a few points
here. He has taught at every academic level. He was a high school physics teacher and principal of a
small school in Alabama. He served on the faculties of Spelman College, Morehouse College. and
Tuskegee University. where he taught physics and chemistry. His research career which has been quite
distinguished and of long duration, includes work at the MIT Radiation Laboratory. the University of
Chicago Institute for the Study of Metals, the U.S. Naval Research Laboratory, and Lockheed, where
he rose to the position of senior staff scientist.

He is involved in several seminal inventions, one of which is the metal dewar used for liquid helium.
which makes it possible to study magnetic properties of substances in high magnetic fields at exceedingly
low temperatures. Another major discovery involves a fiber optic subsystem. which has made it possible
to rescue disabled submarines from deep waters.

An individual of such distinction is listed in all the obvious places. an.! I'll cite only a few: American
Men and Women of Science and Who's Who in America: Fellow of the American Physical Society and
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the American Association for the Advancement of Science; member of the Washington and New York
Academies of Science; member of Sigma Xi and the American Association of Physics Teachers. Dr.
Henry has to his credit more than 100 publications; the majority of these papers were published before
the peak of the civil rights era. the significance of which is self-evident.

He has received a host of other awards, including the Alumni Award from Tuskegee, the Outstanding
Black Physicist Award. the Living Legacy Award of the National Technical Association, and honorary
doctoral degrees from Clark Atlanta and Lehigh University.

In 1969, in the second chapter of his career, he joined the physics department of Howard University
and has been involved primarily in graduate education and teaching. It is estimated that half of the
approximately 8(1 African Americans with Ph.D.'s in physics were taught, at least in one course, by
Warren Henry. This is an individual unit of distinction, although I'm sure Dr. Henry would agree that
the number itself is a national tragedy.

He became a professor emeritus, because universities do that, but he ignored the emeritus status and
continued to teach for almost 10 years. He is now involved in leading the Minority Access to Research
Careers program that many of you know at Howard University.

Warren, in acknowledgement of your many achievements over a long period of time and your major
role in mentoring, NSF is pleased to present to you this Lifetime Achievement Award.

Luther Williams
Warren Henry

It's a great pleasure to he here, and I just want to say to the young students hereand to the old
students, toothat it's worthwhile to pursue your goals and develop your undenied talents. I'm thinking
of the poem "Elegy Written in a Country Churchyard" by Sir Thomas Gray. It says,

Full many a gem of purest ray serene.
The dark unfathomed caves of ocean hear:
Full many a flower horn to blush unseen.
and waste its sweetness on the desert air.
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LIFETIME ACHIEVEMENT AWARD

Sponsor:

Presenter:

Awardee:

NSF, Directorate for Education and Human Resources

Luther S. Williams, Assistant Director, EHR

Fred Begay
Staff Assistant to the Director, Office of Science and Technology, Los Alamos
National Laboratory

Dr. Fred Begay, an experimental physicist at the Los Alamos NatiOnal Laboratory, received a B.S.
in physics and mathematics, an M.S. in physics, and a Ph.D. in nuclear physics at the University of
New Mexico in Albuquerque. During his illustrious career, he has participated in high-energy gamma
ray physics and neutron physics research, as well as solar wind and exploding wire research. and he has
investigated fundamental theoretical and experimental plasma. physics problems.

Dr. Begay was born on the Ute Mountain Indian Reservation in Towaoc, Colorado. Because the
Navajo language is not written, Dr. Begay's name is an Americanized extraction from his native Ute
language.

In 1979. Dr. Begay was the subject of a television documentary for NOVA entitled "The Long Walk
of Fred Younl!.- In this 1979 production, he explained that "A scientist looks at the world like a child
always wondering what it is made of. What are the pieces' ?'' For more than 25 years. Dr. Begay has
devoted his time and energy to understanding fundamental plasma physics problems. His research seeks
to demonstrate technically the use of nuclear fusion as a practical, economical alternative source of
electrical power with fewer health, environmental, and safety risks.

Beyond his stellar research efforts, he has made substantive contributions to young people interested
in science. mathematics, and technology education through his service as president of the Navajo Science
and Resear:h Council, a member of the National Research Council. a member of the New Mexico
Steering Committee -for the White House Conference on Indian Education, and a member of the
Committee on Minorities in Physics of the American Physical Society. lie currently has dropped any
pretense of retirement and is serving as projeci co-director of the Alliances for Minority Participation
Program at Arizona State University.

Dr. I3egay, it is a great pleasure for me to present to you the National Science Foundation's 199-1
Lifetime Achievement Award. Your dedication to increasing the base of knowledge of physics and your

BEST COPY AVAILABLE
61



involvement in increasing the presence of minorities in science and engineering have made a lasting
impact on the education and research horizon.

Luther Williams
Fred Begay

Maybe I should speak in Navajo. It is an honor for me to receive this award this year. I am
deeply honored, and on behalf of my wife. Helen (we've been married 4(I years and have 7 children and
17 grandchildren)on behalf of my family. I accept this award.

I. too, am proud to he a member of this meeting, and I. too, want to recognie the youth here. Youth
are eery important for the future.

I began learning Englishformal Englishat the age of 23. and I studied physics and mathematics
in German, so you see there were many challenges that I had to meet and overcome.

You. also, will have many challenges. and I wish you all the best. for those of you who have this
dream of being a scientist. Maybe you can join us at Los Alamos and do experiments!

Thank vou very much.
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FORUM ON UNDERGRADUATE EDUCATION:
AN OPEN DIALOGUE

PRESIDER
Elmima C. Johnson
Staff Associate
Office of the Assistant Director, EHR, NSF

MODERATOR
Diana S. Natalicio
Presidettt
University of Texas at El Paso

RESOURCE PERSONS
Gary D. Keller, Executive Director. Project MO of the Hispanic Research Center, Arizona State

University
Carolyn Meyers. Associate Dean for Research and Interdisciplinary Programs, College of
Engineering. Georgia Institute of Technology
James M. Rosser, President, California State University at Los Angeles
Robert F. Watson, Division Director. Undergraduate Education, EHR

OPENING REMARKS
Elmima Johnson

This is the Forum on Undergraduate Education and it will focus on the major issues surrounding
science, mathematics, engineering, and technology education (SMETE) at the baccalaureate level. This
forum is part of an ongoing dialogue at NSF and reflects concern nationwide regarding the current
status of undergraduate education. It has been more than 10 years since the National Science Board
completed its first comprehensive study of undergraduate education, and there is a growing realization
today that all citizens need to become literate and competent in science and technology, not just science
majors. The focus on undergraduate education is a logical extension of our efforts to reform K-12
SMETE. and includes recognition of changing demographics of those persons attending college.

We have distributed a background paper, a summary of the issues in undergraduate education as
identified by the NSF Directorate for Education and Human Resources (EHR). This is not an exhaustive
list; it is meant to stimulate and guide the discussion this morning. (See p. 72)

OPENING STATEMENTS
Diana Natalicio

The purpose of this session is to stimulate discussion and to encourage you. the participants in this
forum, to share with us and with NSF more broadly your best thinking on directions that NSF can take

in addressing the major issues relating to undergraduate education.
We are going to present some introductory remarks and then the program will shift to you. We want

this to be an open forum. We want to know what you think about undergraduate education, about the
issues that were facing, and about the was in which we might best address them.

The focus on undergraduate education is. obviously, no accident. NSF has been looking at precolle-
giate programs (as was suggested earlier in Dr. Williams' remarks and mentioned by Elmima Johnson).
and NSF has also been very active at the graduate level and obviously in research. But what we have
discovered within the framework of this educational continuum is that a key element is clearly under-
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graduate education: No matter how hard we work to increase the size of the pool within the precollegiate
sector, and no matter what we do to enhance research and graduate opportunities, if we don't have
undergraduate education well in focus, we are not going to make progress in addressing the critical
underrepresentation of minorities in science and engineering. I think all of us arc familiar with the
kinds of challenges that we face.

The undergraduate experience is critical not only to develop a scientifically literate population and
vorkforce, it is critical not only to produce future generations of scientists and engineers, but it also
has the very important function of preparing future teachers. It is this confluence of responsibilities at
the undergraduate level that all of us must he concerned about and committed to meeting. It is also
very clear, however, that within the framework of higher education, the undergraduate experience has
not had the kind of attention, at least during the past several decades, that it has deserved. How do we
know that

We know that not only because of our own involvement in undergraduate education, but also through
the rising criticism and commentary coming from the media, elected officials. and from parents who
are paying higher and higher levels of tuition and taxes and who wonder why classes are so large. why
students are being taught by teaching assistants, and the like. Such questions are raised not only within
the higher education community, but by critics on a variety of external fronts, so accountability is a
significant issue for us.

I think we are all looking for new directions. ways in which we can improve not only the undergraduate
experience in science and engineering. but the general undergraduate experience at our institutions. We
thought it would he helpful_ as a start, for Dr. Robert Watson. Division Director of Undergraduate
Education at NSF, to give us a brief overview of the activities of that division and how it has framed
the issue.

Robert Watson

Both the national scene and NSF have changed dramatically over the past several years. Major
developmentssuch as the end of the Cold War. intensified international competitiveness, the restruc-
turing of U.S. industry. the advance of technology, and the increased diversity of American society
have all contributed to a new centrality and importance for undergraduate education in the U.S.
educational enterprise. It serves as the wellspring not only for future scientists and engineers. but also
for the future technical industrial workforce, leaders. and citizens who need competence in science and
technology to function effectively, as well as for future teachers. Indeed, efforts to improve grades
K-12 may have limited success without concomitant changes in higher education.

NSF's program for undergraduate education is an agencywide effort. with the Division of Under-
graduate Education in EHR serving as the focal point. The overall activity has its origins in the National
Science Board study and report. "Undergraduate Science, Engineering, and Mathematics Education.-
often referred to as the Neal Report.

The current NSF program involves leadership activities and leveraged program support that encom-
pass several principal themes. These include the curriculum (broadly defined), laboratories, faculty
development and support. student support. and increasing participation of underrepresented groups.
particularly minorities, women, and persons with disabilities.

EHR has mounted two new targeted efforts. the Advanced Technological Education Program (NSF's first
focus on the industrial technical workforce) and the NSF Collahoratives for Excellence in Teacher Preparation
(aimed at the undergraduate education of future elementary and secondary school teachers).

Asa consequence of these changing conditions, trends, and needs. a number of issues confront
undergraduate education that are of particular concern and interest to NSF. We ask you to consider the
following areas: the preparation and vitality of teachers and professors: science and technology literacy:
the preparation of students for careers in both the academie and industrial workforce: and the compre-
hensive reform of undergraduate education.

Throughout all of these areas and their underlying issues, of high,:st priority is the goal of achieving
equity and diversity in all aspects of SMETE. We welcome Your comments and wisdom on these and
other issues that you feel are relevant to undergraduate education.



Gary D. Keller

The most popular metaphor for progress in education. beginning in kindergarten and going through
graduate school, is the pipeline. The metaphor is a good one because it expresses both the sense of
progress and the impediments or obstacles to progress. Those obstacles can well be described as the
joints or pressure points in the pipeline.

At the undergraduate level, there are at least three major joints: between high school and the
freshman year of college; between community college and the four-year college (or between lower and
upper undergraduate status); and at the culmination, between the baccalaureate and graduate program
status for those students who are interested in and who would potentially benefit from graduate school.

The Coalition to Increase Minority Degrees (CIMD), which I direct, has paid very close attention to
each of these joints in an effort to minimize loss at the pressure points and to maximize the flow or
progress of students from one level to the next, more advanced status.

The CIMD has made strong efforts to hind together the 11th and 12th grades with the early college
careers of students. We do this by having many of our students take honors or advanced placement
courses in the 11th or 12th grades for college credit, once the student has been accepted into college.
Not only do the students complete advanced work in high school, but they get a good (and often very
successful) taste of working at the 'college level, and the students earn college credit while still in high
school. This fusing together at the joint of high school and college greatly helps our retention of students.
Another program that we have used is the summer bridge, which caters to students who have been
accepted into college and gives them a strong program of early academic enrichment the summer before
the freshman year, emphasizing mathematics, science, and English.

At the joint between community college or underclass-upperclass status the CIMD has established a
second summer bridge program, recruiting students into our participating four-year colleges and pro-
viding students with additional coursework in mathematics, engineering, science, or English to maximize
their potential to graduate from college.

Finally. Project 1000 advises undergraduate students interested in graduate school at the sophomore
and junior levels, and helps these students apply to graduate school as seniors. Among the services of
Project 1000 are the following: Students can apply to as many as seven graduate programs around the
nation on one consolidated application form; application fees are usually waived by the participating
graduate schools; students consult with Project 1000 on how to frame their applications and statements
of purpose; professors writing letters of recommendation need write only one per student and submit
it to Project 1000; and, finally, we work with the participating graduate schools and outside agencies
and foundations to help students secure financial aid.

James Rosser

I'd like to begin my remarks in hopes of stimulating some further discussion with some observations.
First of all, it seems to me that reform of undergraduate education, especially with an emphasis on
SMET. requires that we do something fundamental with regard to what I would call lower division
undergraduate education in this country. It seems that at least as far as college students are concerned.
that is where the emphasis ought to be placed. Clearly, given a comment that was raised earlier this
morning with Dr. Williams. when we talk about lower division undergraduate education, if we're
focusing on underrepresented students. such discussions must involve the two-year colleges. So we must
he concerned about lower division undergraduate education. That is where, at least at the collegiate
level, students either get further turned on to or turned off of (if you will) SMET and SMET-related
fields and disciplines. I'm not sure that enough attention is given to that concern.

As we think about reforming undergraduate education with an emphasis on science, mathematics.
engineering, and technology, we ought to ask ourselves what all students irrespective of whether they
start at our institution or transfer in and irrespective of what they look like at entry ought to be able
to demonstrate in terms of functional competencies after two years of a collegiate education. Before a
student enters the junior level of a collegiate education, shouldn't that studentin terms of oral and
written communication skills, math, and sciencebe able to demonstrate some minimum functional
level of competency that enables him or her to choose on a far more appropriate basis where to
matriculate for a degree'?
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Doesn't that help us solve a far more fundamental problem: how teacher education varies across the
50 States? In California, you need a baccalaureate degree and then you enter a credentials proaram. A
great deal of emphasis is placed on what happens at the undergraduate baccalaureate level, but there
is no focus, generically speaking, on what a baccalaureate graduate ought to he able to demonstrate
functionally.

To the extent we can solve this problem in those first two years, whether it is a two-year or a four-
year institution, and to the extent that we can agree that there arc some basic minimum functional
competencies. we have essentially raised the level of the tide for everybody, thereby creating greater
opportunity for everybody.

It is my considered opinion that no one should be allowed to teach prekindergarten through the 12th
grade who does not meet what I would call minimum functional competencies that someone who
graduates from the 12th grade should he able to demonstrate. A kindergarten teacher who can't function
at a 12th-grade level probably should not be teaching in a kindergarten. A 1st-grade teacher who can't
function at a 12th -grade level shouldn't either, and certainly such a 12th-grade teacher shouldn't be able
to continue to teach. It seems to me that this is just a minimum expectation for every teacher: that at
some level they can demonstrate that they can function at what we would call a 12th-grade level.
Otherwise, how can you explain why there's atrophy across grade levels and why there's an achievement
gap that exists among students, even though most students enter the schools with a given level of
support?

We have a major responsibility in terms of the workforce that already exists that doesn't meet these
competencies. many of whom have not even been discipline-trained in math or science. That doesn't
mean putting down people who are currently in the structure. What it means, to my way of thinking,
is accepting why they're where they are and the fact that there are things that we can do to mitigate the
deficiencies they have.

Faculty who teach. especially basic undergraduate courses, must themselves be competent teachers,
not just people with Ph.D. degrees in mathematics or microbiology or physics. A Ph.D. does not
guarantee that one is able to teach effectively (especially lower division undergraduate students), since
the primary focus of the Ph.D. is generally on research and not necessarily on teaching.

I think we have a major role to play in that context, and that gets us back to the issue of our two-
year college colleagues. especially those who teach math, science, and basic competency in communi-
cation skills. Clearly. the role of the comprehensive universities and the two-year colleges is important
as we go forward.

1 would also say that in a lot of our colleges and universities, because of the concern for writing and
because of the concern for the ability to use standard written English. we talk about writing across the
curriculum. Maybe there ought to be science across the curriculum as well, and maybe we ought to
agree among ourselves that, given the nature of knowledge and information these days. the disciplinary
boundaries are no longer appropriate and we need to seek more effective ways of communicating
information through the curriculum so we are able to retain the interest of students across the curriculum
while they're at the institution.

There needs to be. in my view. diversity training in the areas of cultural awareness and cultural
sensitivity and across cultural communications for SMEI faculty, irrespective of where we might be.
That also includes those of us who might feel that because we're of a particular ethnic group we have
some particularly inherent knowledge as relates to what that might mean for an African American
student.. Interestingly enough, the African American students might do better in colleges and universities
if they were taught English as a second language as well, in terms of enhancing their capability to
communicate in an oral and written context.

There is a need for faculty development and instructional strategy for incorporating technology:
additionally, advisement is an extraordinarily critical aspect of this whole notion about retention. There
is a need for solid. informed, and consistent advisement, including mentoring.

The last comment I would make is that it seems that there are some programs that NSF has been
involved with, that Bob has been involved with over time, that have demonstrated that there are some
"best practices'' out there. Maybe there needs to be a greater commitment on our part. particulark
across those first two years. to ensure that there is some standardization of best practice applications
if, in fact, we want to attain the desired outcome for the greatest numbers ol students in the near future.
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Carolyn Meyers

Engineering, science, and technology have reached a significant milestone in history in that next year

marks the 50th anniversary of the document "Science: The Endless Frontier" by Vannevar Bush. On

rereading this document, one part strikes me as special and noteworthy: that "It is in keeping with the

American tradition, one which made the U.S. great, that new frontiers shall be made accessible for

development by all American citizens.- Fifty years later, we arc certainly still facing endless frontiers in

SMETE.
I had the privilege this summer of being a chair for a conference sponsored by the NSF Division of

Undergraduate Education. Engineering faculty examined the restructuring of engineering education.

With this experience in mind and mindful that I have spent my career in engineering education, I will

confine my remarks to engineering education.
Primary and central to the conference was the new vision that my colleagues developed. This vision

considers a growing and a national competition. the global environment in which our students will

participate, an increasingly diverse population. and, of course. the rapid growth and change in infor-

mation technology. This new engineering education will welcome and encourage motivated and talented

students from all segments of the population. It will also offer flexible curricula that recognize and

respond to individual learning styles and diverse career paths. This is a tall order.

In our discussions at the conference we agreed that the responsibility for the quality of engineering

education rests on everybody involved in the educational enterprise, as Dr. Rosser just mentioned.

Educators at all levels must buy into and embrace this responsibility; my colleagues and I believe that

certain levels of science and technological literacy will he necessary for people to be active and contrib-

uting participants in society in the 21st century.
This order is getting even taller! Critical to the realization of the vision is the development of faculty.

not just at the collegiate level. but at every level in the educational process. It is the faculty who actually

comprise the front line in delivering any quality educational system. This faculty is envisioned as diverse,

diverse in their cultural and professional experiences. Diverse faculty bring diverse solutions to

problems.
Thus, the challenge to the institutions and to each of us in academia is to push for incentives that

reward and celebrate diversity, that value the development of this diverse faculty, and that appreciate

and recognize diverse solutions and diverse ideas of the faculty.

The Dean of Engineering at Georgia Tech. John White, at our recent retreat, gave us a picture of a

global village, which I want to share with you. This is the global village of today:

If the world were a village of 1.000 people. today there would he 584 Asians, 150 Europeans. 124

Africans. 84 Latin Americans. 52 North Americans. and 6 Australians and New Zealanders.

Seven out of 10 people would he Africans or Asians.

What many of us do not realize is how diverse our global population really is. And from all demo-

graphic indicators, the global village of the 21st century will be even more diverse. From this "village''

will come the SMET leaders of tomorrow. It is therefore clear that in order to develop a diverse pool of

technically talented, active. and gifted people, the faculty who teach them and who will he involved in

the entire educational process must he engaged. These diverse faculty not only offer tangible examples

of success for students. but also promote changes in pedagogy and content that all students will need

to he productive in the 21st century.
The July 1994 Joint Report of the Engineering Deans Council and the Corporate Roundtable expects

that the faculties of the 21st century will reexamine the curricula and the programs, incorporating in

their teaching activities an understanding of environmental and societal impacts. Team skills among the

students will be built, and collaborative and active learning will he the normsno more just lecturing.

as we heard mentioned this morning. These faculty will respond to different teaching and learning styles

of our students. These faculty will promote communication, leadership. and ethics. These faculty will

impart to their students a systems perspective to problem solving and design. multidisciplinary ap-

proaches. integrated knowledge throughout the curriculum. and an appreciation of diversity.

What they are really doing, what will really happen as a result of these.new paradigms is that the

message will be sent to the students that the practice of engineering is no longer local or even national:

It is a global endeavor. This diverse faculty and student body. as I mentioned, will be celebrated for

their differences in leadership and problem solving and perspective. and ultimately will contribute. I

firmb, believe. to the health of the university and also to the wealth, if you will, of our respective

disciplines.
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In summary, I am passionate about a lot of things. I am passionate, obviously, about my children andfamily and traditional things. I am also passionate about my profession and my specialty, which is themechanical behavior of materials. One of my favorite materials is a quenched and tempered steel. I amhappy talking about metals. I love them. It is an old material. It is a workhorse material. This steel isstrong. just like the U.S. educational system's track record in educating scientists, engineers, mathe-maticians, and technicians for the world. Our educational system is goodand is recognized as such.This steel, this quenched and tempered steel, performs its intended function because. in addition tobeing strong, it is tough and it is ductile.
Now the challenge to us in education is to he tough, to absorb the impact on society of our engineering

decisions and designs while still maintaining our strength. We must use our ductility like the steel, ourability to stretch or to bend without breaking. Those of us in education, as well as the systems or unitswe represent, have a shared responsibility to be strong, tough. and ductile in our actions and reactions.Diversityin all its many formslike an alloy addition to metals, can enhance our properties. in thiscase the pedagogy, content. and overall educational experiences of our studentsthe leaders of the 21stcentury.
Thank you.

AUDIENCE COMMENTS
Diana Natalicio

I want to thank all of you who have come to this session. Your presence here suggests that you arcconcerned about and committed to undergraduate education and we are very grateful for your presence.But 'our presence is not quite enough. Now we want your input. We'd like you to tell us what youthink.
We ask that you he brief, out of respect for all of the people who might want to comment, and weassure you that the remarks that you share with us today will he transmitted through Dr. Robert Watsonand through NSF as input into the further development of programs at the undergraduate level.
Audience comments and the responses of resource persons are summarized below.

We must provide the latest equipment and facilities for high school preparatory science andmathematics cot rses to prevent the need for "catch-up" skill development and content learningfreshman year in college.

At the college level, the information explosion makes it impossible to expose students to all ofthe knowledge available in a field. Therefore we need to synthesize the growing knowledge baseand teach the fundamentals, but in a different context.

There arc attempts to teach (integrate) engineering principles across the curriculum. from fresh-man through senior year, for example in mathematics, physics, and chemistry classes. The goalis to provide students with perspective and tools.
A first step in implementing systemic reform is the "fusing" of high school and college. Emphasisshould he placed on the senior year of high school and the freshman year of college, because thisis the period during which we lose a large percentage of potential scientists. Suggestions includedoffering courses for college credit beginning in the 11th grade.
We should deemphasize the current structured timeframe and mode of delivery of information.and focus on accelerating outcomes and learner productivity.

An interdisciplinary emphasis in undergraduate education serves as the basis of the NSF collab-orative program. This program requires collaboration between colleges of science and educationand thus serves as a catalyst for the desired interaction.

Science education reform will not he driven by new. technologies, but by the use of the scientificmethod in instructional delivery. However, many current K-12 teachers were not trained in thismethodology. but in a "fact-based" approach. College science faculty will have to assist inretraining these teachers, and their institutions must support them in these efforts. (Dr. Natalicionoted that college faculty play a major role in determining their own reward system: thus, facultybelief in the importance of collaboration with precollege teachers would facilitate obtaining thesupport of university officials.]



More college faculty must be convinced that there is a crisis in education and a need for diversity
in the workplace.

Universities arc changing the education paradigm from an emphasis on student failure to one on
student success (graduation).

While college-level faculty traditionally have minimum training, if any, in teaching methods, this
is a major responsibility for many. The question was raised, Shouldn't teaching faculty he as
competent in the art of teaching as they arc in their discipline area'? It was noted that a few
institutions are now evaluating teaching skills of job candidates.

More support should be given to successful minority science programs. Many are not being
institutionalized at their host universities and the need for NSF support for these programs was
expressed. An opposing view was that this is an institutional, not an NSF, issue. That is. each
institution should he committed to the success of every student that it admits. In addition.
individual faculty must become more proactive and vigilant regarding the support of those efforts
to assist minority science students.

CLOSING REMARKS
Diana Natalicio

We want input from the community. not only from the higher education community. but also from
the broad community that is represented at this conference. We want your help in structuring new ways
of thinking about the undergraduate experience. Not in and of itself, but as it relates to all of the other
pieces of this complex puzzle that we are attempting to put together. We want to ensure that all young
people in our society have a real chance to succeed and to become the scientists and engineers they
seek to he.

So we thank you for your input. for your presence here today, and do let us hear from you. We are
very interested in your input.

Thank you very much.

Additional comments regarding the status of undergraduate education or suggestions of ways to
improve the enterprise should be addressed to

Dr. Robert Watson
Director
Division of Undergraduate Education
Directorate for Education and Human Resources
Room 835
4201 Wilson Boulevard
Arlington, VA 22230

r,
71



BACKGROUND PAPER
Current Issues in Undergraduate Science, Mathematics, Engineering, and Technology Education

The context for SMETE has changed. NSF recognizes that major developments such as the end of
the Cold War, intensified international competitiveness. the advance of technology, and the increased
diversity of American society require us to rethink NSF strategy for undergraduate education.

The year 1995 is the fiftieth anniversary of the appearance of Vannevar Bush's seminal report.
"Science: The Endless Frontier.- This defining document for postwar U.S. science states: "The frontier
of science remains. It is in keeping with the American traditionone which has made the United States
greatthat new frontiers shall be made accessible for development by all American citizens." Indeed,
ensuring that new frontiers of knowledge are created, developed, and accessed by all summarizes much
that NSF has done and must continue to do.

NSF views undergraduate education as the linchpin connecting research to teaching, and precollege
education to graduate education. That the princiral Federal effort in SMETE is in an agency devoted
equally to research and education reflects the need to infuse SMETE with knowledge and investigation.
Of interest to NSF are 3.000 varied institutions that instruct 13 million American undergraduates. The
specific targets of NSF action are all undergraduate students of science, mathematics, engineering, and
technology (SMET) and their instructors, with their diverse backgrounds and interests. We invite your
thoughts on the reorientation of NSF undergraduate efforts. The following are the areas in which issues
pertinent to this consideration arise. Questions might concern what is being done versus what needs to
he done, and what should be the scale of activities.
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The preparation and vitality of teachers and professors

Learning how to teach must he balanced by personal knowledge of subjects, the balance
depending on level.
School teachers, especially primary teachers. have unique needs in SMET.
Teacher preparation is recognized by few SMET faculty: the need to prepare professors to teach
is recognized by almost no one.
The attraction of teachers and professors across race. gender, disability, and ethnicity is uneven.
The reward systems in schools. colleges. and disciplines may be inadequate to promote excellence.

Science literacy

SMET should become central in the intellectual heritage and culture transmitted in higher
education.
Institutions must sci goals in terms of student learning and competency in SMET.
We do not know whether quality in the lessons aimed at literacy and those aimed at mastery
for majors is the same or different.
Barriers to SMET literacy owing to ethnicity or gender need attention.

Careers

Many undergraduates we educate become technicians. yet SMETE has traditionally ignored
their needs.
The attraction of talented young people to careers as scientists, engineers, and technicians
across the spectrum of diversity of origins remains vitally important.
While disciplines remain the homes of quality control of new knowledge and of basic compe-
tency. the problems are increasingly interdisciplinary.
The right connections, networks, and collaborations are needed to facilitate student careers.

Comprehensive reform of undergraduate education

The exponential growth of our subjects is matched by the growth of capabilities of instructional
technology, but development and application of the latter lags the former.

-- Our teachers and professors are inadequately informed about advances in pedagogy. content,
technology, information resources, connections to societal needs. etc.
The institutional problems of initiating and sustaining curricular change are intense.
Change needs to transcend traditional categories. disciplines, and structures.
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STUDENT FORUM: "ASK NSF"

The forum sessions provided student participants with an opportunity to interact directly with NSF/

EHR officials and grantees who served as a panel of resource persons. These were inlbrowl sessions with

no set agendas, and students were encouraged to continent on a variety of issues related to their educational

experiences and career options. Below are edited and summarized excerpts from those sessions. We thank

the students for their participation and candor and invite their continued feedback at the following address:

Directorate for Education and Human Resources
National Science Foundation, Room 805

4201 Wilson Boulevard
Arlington, VA 22230
Attention: Dr. Flmima C. Johnson

SESSION A: PRECOLLEGE STUDENTS

MODERATOR
Joseph G. DanA, Director. Office of Systemic Reform. EHR

RESOURCE PERSONS
Wanda E. Ward, Special Assistant, Office of the Assistant Director. EHR

Costello L. Brown. Program Director, Career. Access. Division of Human Resource Development.

EHR

Panel member: Why don't you tell me what your project is about?

Student: My project was finding out how harvest ants locate their nest. From that we conducted different

experiments to find out if they follow each other, follow chemical substances, follow the sun, radiation

waves, and several different things. I also researched experiments that were conducted by major scien-

tists and other people who know more about it than I do. I gathered their information and compared

it with mine, and it was very similar information.

Panel member: Do you feel you have a better understanding or even preparation for your regular math

and sci lee courses when you go hack to school? You just completed this project in the summer, right?

Now you're involved in your regular math in school. What's the relationship between your research and

your readiness to study when you go hack to the regular classroom? When you combine the two, does

it make you a better student?

Student: Well, yes. because when I first went to summer science camp, I liked math better than I liked

science. We did more science than math. Now I'm more motivated to do things in science class, to talk

a little hit more, because I know a little hit more than I did last year.

Panel member: I have a question to ask all of you. Dr. Williams is here and we give out grants. Suppose

I give you a million dollars. What two or three things would get more of your classmates interested and

excited about science'?

Student: I suggest that you put in more programs for the precollege students. Because the point is to

get more kids into college and get more programs in the inner-city area where they are needed most.

Like Philadelphia. I go to a magnet school and that's probably one of the reasons I'm in thi!4 program.

Because if I wasn't in the magnet school. I definitely wouldn't have done a science project. It was my

teachers who suggested that I do one. So if you've got more programs like that, you'd get more kids

interested in science and mathematics.

Panel member: Who else wants a million dollars'?

Student: Well. I live in a rural area, and in my school I don't think it's all about money. I think that if

people vi-it our school and get our school to have science fairsbecause we have never had a science
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fair in our schooland have more activities pertaining to science and more programs like you saidIthink students will become more interested. They have to make it fun and not just have lectures all thetime. I think that will motivate students.

Panel member: How many of You have never had a science fair in your school? (Hands go up.) Most ofyou haven't.

Student: I would make school more fun, like looking at the students' interests instead of just doing whatyou think they're going to do. You look at their interests and do more experiments. Because a lot ofkids don't like looking at textbooks. They like doing experiments. so I would bring more experimentsinto the classroom.

Student: I would just like to say I started a program in which minorities on the college level come tothe precollege level as role models or mentors and show them (the kids) that it's cool to be in science.You know, vou don't have to he a nerd to do science. And I think students would have more fun in alab, because you have an older person to look up to. and you have the lab.
Student: Well, first of all. you need to educate people that have the programs. A couple of my cousinsgo to majority white schools and when they send out the program information, they hand it to the whitekids instead of the Hispanics, the blacks, the Asiansminority groups. So people don't know aboutthe programs and they don't get the opportunity to participate.
Student: Part of the reason I'm here at the diversity conference is because of my high school's link withMorgan University. I think that if more high schools had a connection with local colleges, if young highschool students were able to walk on the college campuses, he a part of the college atmosphere, andwork with science professors. I think more students would have some type of relationship with sciencein the future.

Pane! member: Just to comment on this, we have created what we're calling the Urban SystemicInitiative. We have large projects in a number of cities in which you reside, one in Baltimore. in whichwe are doing exactly that.
What we're trying to do is link the universities with the school districts, beginning to Corm a teamthat can help change the school districts by putting in place quality science programs for all children inthe city of Baltimore. So that's an excellent suggestion, and in fact there is an activity at NSF that'sbeginning to do that.

Panel member: Other comment\ on the question about what you would do with a million dollars?There's got to be more thinking about it.

Student: I think we should have a camp that's run by students, maybe seniors in high school or somethinglike that. I think we relate better to seniors in high school than to adults. So I would start a camp thathad the seniors in high school in charge, and then a couple of adults who would just stand by. We wouldget the high school students to teach. I think this would be more fun for the high school students andalso more fun for us.

Panel member: With nobody over 21) allowed.

Student: Well. I'm not saving that. I'm just saying that the teachers and the people who helped us withour labs and stuff would he the high school seniors, which would be fine.
Panel member: In fact, some of the projects have that feature. They still have the instructorsthemath and science instructors, some of whom come from colleges and universities; some come from highschools. Some of the projects. I know, have both undergraduate students and upper high school studentswho serve as instructional aides. So, in fact, it is a very relevant suggestion that you're pointing out andit's happening in some places. but not in all places. as you know
Student: I think the colleges should give more scholarships. Everyone's saying, "You should be ascientist. You should be in science and go to college.- But not everybody has the money to go to college.Many' people want to do great things. but you need money to do all that kind of stuff. So I think youneed more scholarships and more information about them.
Student: I think that the idea of being in collaboration with the local university is good. And also, itlot of kico, look at the financial benefits of doing programs. Like the students who went up and gotplaques. those are confidence buildersclaques and getting $500 for doing something well.
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I enjoy presenting in front of people and explaining my ideas. Also I play basketball. so I'm used to
a crowd showing up.

Panel member: So there arc lots of different ways to show off, right, which is good, both mentally and
physically. right? Great.

Student: I'm a high school senior and I'm starting a program something like this: I just got a grant from
a company called NETSEF and they help people start their own businesses. Basically the program is
going to have high school seniors and juniors teaching middle school students. But it's going to he more
than just that. It's going to have science fair projects. mentoring, homework. test-taking skills, note-
taking skills all kinds of things. And its going to have a computer workstation and kids from the
neighborhood and from all over Philadelphia can use the computers to find out about different colleges.
different contests. and other things that are available to them.

They need more programs like this in other places. My mom helped me come up with the idea.

Panel member: That's great. Other comments? Other questions?

Student: I would make the programs more appealing to students. Because I know a lot of people who.
when they come into a forum like this, would just sit in the hack, because they think it's going to be
real boring. Nobody would ask them questions and they'd just sit there, listening to words that they
don't understand. To make a project more interesting, you should talk to the people and not at them
or over their heads.

SESSION C: UNDERGRADUATE AND GRADUATE STUDENTS

MODERATOR
Daryl E. Chubin, Director. Division of Research. Evaluation and Dissemination, EHR

RESOURCE PERSONS
Thomas W. Cole, Jr., President, Clark Atlanta University
J. Elenora Sabadell, Program Director, Engineering, NSF

[Session in progress. The panel of resource persons ,gore brief presentations on the minority-lbcused
programs in the Education and Human Resources and Engineering dirCetorales.1

Panel member: I would suggest that the current undergraduates go to the research office or to whateser
office You deal with and ask for the Research Experiences for Undergraduates program solicitation.

Panel member: All of these programs are targeted at various points in the pipeline. So that as one
moves along the continuum that Darvl has on his slide, and looks at it going all the way through. we
will see 5 years from now, It) years from now. that the numbers will increase. The bottom line for sou
is that everywhere in your scientific career there is an opportunity with NSF supportat the under-
graduate. master's, and doctoral levels.

And it's very important for you to identify those opportunities, because there should never he a
question in any of sour minds about whether you're going to graduate school and about whether or not
somebody's going to pay for that. Perhaps you don't know where all of the resources are. but now you
have the names of three people at NSF who can help you sort through the maze of projects and
programs that are available for students when they go to graduate school.

Panel member: Let me add just one its a to that. In terms of this national action plan that was presented
at the conference, there are specific targets in terms of degree production at all levels. The point is for
us as an agency to he able to monitor the progress that we are making at those various points. So we
should he able to tell vou the numbers of students who are being served by each one of these programs
at every juncture in the system.

Your local institutions should be able to give you some of those data. because they're supposed to
he collecting them as well. And certainly if there is a request for an Minofty Research ('enters of
Excellence (MR('E) project. they have to generate those data on a tegular basis. I know that, because
we require that they give us the numbers. So we do this collaboratively.
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Unless we have a good sense of how well we're doing in drawing and maintaining students in our
programs, we have no way of telling whether our programs are making a difference. We have to evaluate
all these programs that have been mentioned, some of which support you in one way or the other.

Panel member: Do you recall the comments made about Lifetime Achievement Award winner Warren
Henry today? There was another man sitting at the table with him named Lafayette Frederick. He was
recognized last year for having accomplished the same thing in biology that Warren Henry accomplished
in physics. There is another gentleman at Morehouse College in Atlanta named Henry Mac Bay who
was honored (by others) for the same thing in chemistry.

The point I'm making is that in almost every case where you look at a successful core of scientists,
there is a teacher, either in high school or college. And we don't have enough of them. That's one of
the reasons why the pipeline is drying up, because we have not given enough attention to quality science
and math teaching at the high school and college levels.

And so if you do teach, I applaud and encourage you to continue that and get others to join you.
Because that is as important as pushing back the frontiers of research on the other side of the equation.
In the past. NSF has given lip service to research and education, but I think now they mean it. Because
they're putting resources behind the Education Directorate and giving more meaning to the mission of
education as a parallel responsibility to the research mission of the foundation.

Panel member: We always have been interested in education, so much so that every grant that is given
has to have graduate students included in the grant. Undergraduates were added around 1() years ago.

Panel member: Let me expand on a point. The Education and Human Resources Directorate now is
the second-largest directorate in the National Science Foundation. I would argue in full support of your
comment that NSF really didn't get serious about undergraduates until 1988, and it is just now getting
serious about community colleges and the contribution that they make in moving students into four-
year institutions and into science, particularly science degrees.

Engineering colleges and universities have been quite good, actually. in harvesting students from two-
year institutions. The sciences have lagged behind, for a whole range of reasons, some of which have
been discussed at this conference.

Now there's no turning hack. The challenge to us at NSF is to do a better job of consolidi. .ng research
and education along that continuum. We can't pursue these as separate enterprises. The expectations
are too high and the needs are too great. And so we are in a position of putting our money where our
rhetoric has been.

And you. just by your presence here. arc one indicator that we're doing something right. You've got
to keep the pressure on at your local institution, which also means you've got to start mentoring the
people who are coming up behind you. because.. we all have an obligation here.

Student: First of all. you asku,1 a question about what programs we arc funded by. Well. I'm funded by
AMP. My question is, in high school there aren't too many minority teachers in math and science. Has
anyone looked into supplementing incomes or opportunities for minority math and science teachers at
the high school level?

Panel member: Well. you have to make a distinction. I think. The Department of Education budget is
about $18 billion a year. The Directorate for Education and Human Resources' budget is no comparison
with that. what NSF can do in this whole pipeline is act more as a catalyst. more as a facilitator.
because the resources are really not there to nationally solve this problem. Also you have to take into
account that the State and locality have a large responsibility for their school system. We doll have
national standards.

Panel member: I would echo that there is a program called the Urban Systemic Initiative (USI), which
is designed to create systemic change in the teaching of science and math in public schools. It does not
directly affect the area that you suggestedthat is. salaries of teachers hut it can influence the
environment. the culture of public education, so that more minorities will want to go into teaching
without having to deal with the disincentives that public education now provides. So I think that USI.
coupled with programs aimed at producing more minority teachers, will begin to address the problem
of the rather small number of minority teachers in the public school system.

Student: Are you saying it should '.(art from the bottom up. like local, then regional, then national.
rather than national on (limn?
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Panel member: You have to influence your local PTA, council. whatever. You have to make your voice

heard. But you have to put in the money to prepare this teacher.

Panel member: Dr. Williams has come in and we should use this opportunity to get him to answer one

or two questions. So this is your chance.

Student: This question springboards off another question. There's been an emphasis on urban high

schools and programs to develop inner-city youth and young adults. What has NSF done to help the

rural communities'?

Dr. Williams: We've launched an initiative that is an analog to the USI that's focused entirely on rural

communities.
To he precise, using the Department of Labor's definition of ural communitiesrural and econom-

ically impoverished. It's for the last forgotten American. It will do precisely what the urban initiative is

doing. As Dr. Jones has indicated, these grants will be comprehensive. They will have all of the elements.

They almost by design are going to be a mix of education per se (to cater to the educational system)

and science and technology training.
One of the things we want to do is improve the economic ambience in rural communities. So the idea

is to employ our math and science education agenda to provide the opportunity for young adults in the

communitymany of whom are marginally employed or unemployedto join the workforce.
So it's a clear reform program that is precisely the analog of the urban one. It addresses substantial

pockets of minorities in rural communities.
There is one set of issues that have to do with urban school systems, and an entirely different set of

issues that have to do with rural communities, particularly rural communities in the Southeast and
Southwestcommunities that have made the transition from an agricultural base to a quasi-high-tech

base, but do not yet have the requisite education and training. Basically what you have in 'these very.

very large communities in rural Louisiana, some parts of Georgia, and especially in South Carolina are
huge pockets of minorities who basically aren't dealt with by anyone.

Long answer. but that's what we're going to do.
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NSF DIRECTORATE PRESENTATIONS OF
EDUCATION AND HUMAN RESOURCE-FOCUSED
ACTIVITIES

Session A: Directorate for Engineering
Research program officers from the Directorate for Engineering (LNG) will discuss the most ad-

vanced areas of research currently being supported by the Directorate. Directorate representatives will
also present programs sponsored by ENG to support students at the precollege. undergraduate. and
graduate levels, and new and experienced faculty.

Contact Person: Daniel Davis. Program Officer, Research Experiences for Undergraduates Program,
ENG /EEC, (703) 3(16-138(1.

Session B: Mathematical and Physical Sciences
The Mathematical and Physical Sciences (MPS) Directorate of NSF will host a short workshop and

roundtable discussion highlighting education and research opportunities for minority students in various
MPS programs. An overview of MPS activities and programs that directly impact science and mathe-
matics education and research for ethnic minority students will he given. This will he followed by a
roundtable discussion in which program directors from the mathematics. astronomy, chemistry, physics,
and materials research divisions will describe specific activities within their own divisions, and answer
questions from conferees.

Contact Person: Richard Hilderbrandt, Program Director. Pltsical Chemistry Program. Theoretical
and Computational. MPS:CHE. (7(13) 306-1844.

Session C: Computer and Information Science and Engineering
The Institutional Infrastructure for Minority Institutions program consists of projects designed toincrease the number of minority computer scientists and engineers. Awards run up to 5 years with

budgets between S750.000 and $1.500.000. Some typical projects that will be described include the
follow mg:

Laboratory Enhancement at Historically Black Colleges and Universities (1-113CU's)
Mentoring and Recruiting at Hispanic-Serving Institutions
Bridging Activities at a Native American College
A new Ph. D. Program for Puerto Rico

Most of the remaining Computer and Information Science and Engineering (CISE) activities focused
upon minority students are in the Special Projects Program. Among these, the Minority Graduate
Fellowships. Minority Attitude Study. Strategy Workshops. and Conference Travel projects will he
discussed. Information concerning participation in these and future programs in the CISE Directoratewill be distributed.

Contact Person: Dr. John CherniayskN I lead. Office of Cross-DisciplinarN Activities. (-ISE CDA.
(7(13) 3(16-198(1.

Session D: Biological Sciences
The Biological Sciences (BR)) Directorate will hold a workshop to describe BR) program acte,ities

to support training and research in biology. Particular attention will be given to those programs pros iding
special opportunities for minority students and faculty at all career levels. Program officers w ill discuss
application procedures for grants such as Research Assist,intships for Minority Ifigh School Students,
Research Experiences for Undergraduates. Graduate Student Dissertation Awards. Postdoctoral Re-search Fellow ships for I Inderrepresented Ethnic Minorities, Faculty Lark Caree: svelopment Awards.
Research Planning Grants. and Research Support Grants in biology. Printed program description
materials will be available. and questions from the audience will be encouraged.

Contact Person: Thomas Ouar les. Deputy Division Director. B10 1318. (703) 306-1170.
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Session E: Directorate for Geosciences
The Directorate for Geosciences (GEO) supports research in the atmospheric, geological. and oceano-

graphic sciencesadvancing scientific knowledge of the Earth's environment and the ability to predict natural
phenomena of economic interest such as weather. climate, and earthquakes. The geoscience disciplines re-
quire a broad base of talent and a variety of facilities and instrumentsincluding multiuser facilities such as
research aircraft and vessels, global arrays of seismometers. and supercomputersto accomplish 'heir re-
search objectives. NSF is the Nation's principal supporter of academic-basic research in geosciences. providing
about 70 percent of Federal support for research conducted at U.S. universities.

Minority students have been involved with geosciences programs in different ways. ranging from work
with individual scientists in their laboratories or in the field to major coordinated programs involving a
number of scientific groups, or as part of the activities of a national center such as the National Center
for Atmospheric Research (NCAR). Specific examples of these activities will be given by representatives
of the three GE() research divisions, namely Atmospheric (ATM). Earth (EAR), and Ocean Sciences
(OCE), as well as by students who have participated in the programs.

Contact Persons: Pam Stephens, ATM. (703) 306-1528: Judy Hannah. EAR. (7(13) 3(16 -1557: Joan
Mitchell. OCE, (703) 306-1580.

Session F: Social, Behavioral, and Economic Sciences
The Directorate for Social, Behavioral and Economic Sciences (SBE) consists of three divisions. each

with distinct programs and goals. A speaker from each divisio: evil) discuss programs. with emphasis
on efforts to encourage or understand minority participation in science and engineering.

Division of International Programs (INT): The division sponsors programs designed to strengthen the
international experience of students. postdoctorates. and young faculty in all fields of science and
engineering supported b,' NSF. These programs include summer institutes. postdoctoral fellowships.
center-to-center programs. and workshops for junior investigators. The speaker will use examples from
NSF's Japan program to illustrate the types of opportunities available to young U.S. researchers for
work in many areas of the world.

Contact Person: Patricia J. Tsuchitani. INT. (703) 3(16-17(11.

Division of Science Resources Stmlies (SRS): Selected findings will be presented from the new NSF
report, "Women. Minorities. and Persons with Disabilities in Science and Engineering.- which examines
the participation of underrepresented groups in the ranks of the Nation's technical workforce.

Contact Person: Mary .1. Golladay. SRS. (703) 306-1774.

Division of Social, Behavioral, and Economic Research (SBER): There will he a discussion of NSF
programs and opportunities for minority students and faculty in the social, behavioral, and economic
sciences. The discussion will provide data and statistics on minority participation in 513FR programs
and will contain an overview of research supported by SHER on minority issues.

Contact Person: Patricia White. SBER, (703) 306-1762.

Session G: Department of Education
The Department of Education (Eisenhower State Program) session will describe the follow ing two

projects.

Minority Mathematics and Science Education Cooperative (MMSE(') is a partnership inser ice
programinvok ing 9 universities. 2 community college campuses, and 2$ schoolsthat is dis-
tinctive in integrating affective with cognitive strands to improve the performance and classroom
achievements of minority children. It involves teachers and principals in a s.stematic process of
recognizing and comprehending the spi''ial contexts and customar ways in IA filch children per-
ceive and construct scientific k-owle.,g.e. These resources are then applied to facilitate and
pr.muite the learning of matlwmatics and science.
Four Institutionalized Reforms in Science Training (Project HRST) Ilow do we C des clop class-
room instructional leaders who minor toe el-Ringing California school-age population? Fhis proj-
.,ct is designed to increase the number of teachers from underrepresented groups who become
master teachers of science w hilt: also completing the requirements for enhanced degrees in
science. It enables teachers who, through it pre\ ions Eisenhower-funded project. developed their
skills in teaching science to go a step further to establish their leadership roles.

Contact Person: Christine Jack am. Senior Education Program
Spccialkl. (202) 260- 2510.
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CLOSING SESSION

PRESIDER
Luther S. Williams
Assistant Director
Education and Human Resources. NSF

OPENING STATEMENT
We are pleased to have Dr. Anne Petersen. deputy director of the National Science Foundation.

provide closing comments on the conference from the point of view of the leadership of the Foundation.
She is extremely interested in the efforts that have been the subject of our several days of meeting. As
she will indicate, Dr. Lane. the director, is unavoidably involved elsewhere in activities that are extremely
important to our agenda. Dr. 1,"etersen was kind enough to come to offer closing comments on behalf

of NSF, even though she has another commitment that is almost concurrent with this activity. So at the

end of her comments. if you have questions, she will take a few, then she has to depart.

KEYNOTE ADDRESS
Anne C. Petersen
Deptty Director
National Science Foundation

Thank you. It is a great honor to join you this afternoon. I want first to express greetings on behalf
ot NSF Director Neal Lane. I know Neal wanted to be here with you as well, but he has spent most of
this week on the roadtraveling in Florida and California. (Somebody has to do it.) 'Way. in fact, he
participated in the dedication of the new National High Magnetic Field Laboratory at Florida State
University. I mention this only because. in addition to being a preeminent national and international
research facility, this new laboratory holds great promise for promoting NSF's goals in education and
human resource development. The facility is already developing plans for outreach activities involving

the Tallahassee schools .

This is just one example of how virtually ever!, dollar NSF spends and everything we do as an agency

is done with an eve toward promoting diversity in the scientific and technological workforce. Both Neal
and I strongly support the goals of this conference. and we want all ot you to know that the entire
Foundi:tion stands behind your efforts.

Education is at the core of NSF's mission, and increasing diversity in science and technology is a
central goal of all of the agency's programs. After I was nominated to become NSF's deputy director
and began doing my homework about the agency's programs, I was struck by the breadth of programs
NSF sur .)orts to improve the participation of women and other underrepresented groups in science and

engineering.
I get the sense that we start reaching kids hefore they enter schoolthrough the television shows and

various informal science education activities we support. And our involvement continues at all levels of

education and even beyond graduate schoolthrough programs like the Minority Postdoctoral Fellow-
ships and Visiting Professorships for Women. The tact that the Foundation has assumed such a valuable
leadership role in these areas is one of the main reasons that I am very excited allow working here.
The Foundation pas taken on this role for many reasons. I know that the changing demographics of our
Nation make it iimmative that we promote increased diversity in science and technology. But as powerful

as these arguments are. I think there are even more powerful arguments that have nothing to do with

demographics.
All of us know that research in science and engineering is a process that requires imagination.

crcativio,ind a strong sense cf commitment. This process draws upon the talents and ideas of the
individual researchers, teachers. and students who participate in the research. For this reason. it almost

goes without sating that engineering and science in general will benefit from increased diversity. I like
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to tell people that the recipe for good research involves lots of mixingmixing ideas, blending per-
spectives. and pulling together diverse ideas. The different and diverse backgrounds that each of us
brings to our work arc essential to this mixing process. At NSF we want to make this a part of everything
we do.

My next point is that the themes of this conference are a top priority not just for NSF, but for the
administration as well. Vice President Gore made this clear at the release in early August of the
administration's major report on science policy, Science in the National Interest. He called on the science
and engineering community to become actively involved in raising the scientific and technological literacyof all Americans and attracting more women, minorities, and persons with disabilities to careers in
scientific and technological fields. The report itself speaks to this very point. It notes that "America
derives great strength from its diversity, vet the country has not had a coherent policy for developing allour human resources for science and technology.-

The report made two recommendations that will help to shape this "coherent policy.'" First. the
President's National Science and Technology Council has committed itself to developing a policy for
sustaining excellence and promoting diversity in the science and technology workforce. This is important
because this policy will affect all Federal agencies, not just NSF. In addition, this policy will affect allprogramsresearch as well as educationin keeping with the important role that research experiencesplay in education and training. Second, the administration has established a new Presidential Awards
program to recognize individuals and institutions that have outstanding records in mentorinL, students
from underrepresented groups in science. mathematics, and engineering. I would not he at all surprised
if a number of the first recipients of this award are sitting in this room. The first awards are expected
to be announced late next year.

I want to make one other point before I close. In virtually all organizations todayuniversities,
businesses, government agenciesmore and more people are focusing on the issue of accountability.
In addition to serving as NSF's deputy director. I am also the agency's chief operating officer. Thi!,position was created as part of the National Performance Review, the effort being led by the Vice
President to reinvent government. This means a large part of my job is to see that our programs are
held accountable to their goals. For this reason, it gives me great satisfaction to see that the results of
our efforts to promote diversity in science and engineering are beginning to take shape. We now sponsor21) projects under our Alliances for Minority Participation (AMP) Program. and 75,000 students arcenrolled in these projects this %var. That's up from six projects and about 41.00)) students in 1991. Intotal, NSF's programs for minority students at the undergraduate level are reaching more than 76.000students today.

These are very impressive numbers by any accounting. But we also know they are not nearly enough.
and at NSF we know better than to contemplate resting on our laurels. As you no doubt have beenhearing. NSF has set even more ambitious goals to increase minority representation in scientific and
technological fields by the year 21)00. Are they attainable or just wishful thinking? I believe the} arc
attainable, through conferences such as this and through action plans such as the one you have worked
to develop these past 3 days.

Iii conclude, therefore. I just want to add that the Foundation will not rest until all segments of thepopulation have the same opportunity.. to learn and the same opportunity to he productive and preparedcitizens. Nothing is more important to the future of America's scientific and technological workforce.NSF is committed to serving as a catalytic agent for change in science and engineering. I hope the day
comes ss hen our leadership is no longer needed. But until that day arrives. the Foundation will standfirmly behind its commitment to invest in all studentsso that everyone in our society can succeed inscience and engineering.

CLOSING REMARKS
Luther Williams

First. 1 would like to mention that I have just been informed that conference attendance at the last
count exceeded 1.900. That is remarkable. That is more than 5(X) more than last year and more than
twice the attendance of the first conference.

What I would like to do now is highlight what I think we haw achieved at this conference yis-a-y isthe objectives. That's exceedingly important. because, as you know, the point of this conleience and
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the two previous ones is to use them as an integral part of our overall effort to solve problems. not to
have conferences for which there are no explicit outcomes and expectations.

The first point in this summary focuses on variables in a larger problem set. that. in my view, we have
to effectively address in order to accomplish our goals. Clearly, we need explicit and substantial support
from the administration, meaning the President's office. I and others, including Anne Petersen, have
referred to the presidential white paper, Science in the National interest. I am unaware of another
presidential statement that rendered explicitly a set of activities coupledI emphasize, coupledwith
the epicenter of national transactions having to do with science, technology, and the economy: that
elevated individuals underrepresented and underserved by the enterprise to the level that one now finds
in Science in the National Interest. So we have, in fact, a policy framework, strategic guidance in a
context to connect our efforts with the national interest.

Second Point: Obviously another sector or player that is important for the effort is the U.S. Congress.
Over the last several vicars. programs such as AMP have grown from zero to 20 such projects around
the country. We also have completed a cycle of Comprehensive Regional Centers for Minorities (CRCM )
and employed them to serve as precursors to the Urban Systemic Initiative (USI), which is not designed.
per se, to focus on minority students, but will certainly serve them because they are focusing in the 25
cities that have substantial minority populations. The directorate has mounted programs such as the
Summer Science Camps and others. and has begun to build a continuum of programs, kindergarten
through graduate education, even into postdoctoral education. Paralleling these efforts. to the extent
to which resources permitted, there has been a deliberate effort to explain the agenda to selected
members of Congress, to try to persuade members of Congress to elevate our agenda vis-a-vis a whole
set of competing agendaswelfare, health care, the general state of the economy, jobs, etc.

I think you would agree. based on Congressman Stokes' observations, that we have been able to
bring our agenda appropriately to the public policy arena. to the budget and fiscal resource acquisition
process, and Congress has supported it. But they also require a high level of accountability. As Mr.
Stokes clearly pointed out, they will provide the support, but the expectations with respect to outcomes
and achievements are enormous.

Third. we felt when we initiated this effort several years ago that we needed a document. not very
different from the President's document. that would speak globally to what the country will attempt to
achieve broadly in science and engineering research and education. We needed a document that would
explicate what we were attempting to accomplish and would provide a context that would relate our
programs to specific goals and objectives. Our objective clearly is not to simply operate a plethora of
programs but to achieve a larger goal, for example. ensuring a substantial and appropriate increase in
the number of minority professionals who occupy the niche of mathematics and science K-12 instruction.
We have gone through several iterations of the plan. We discussed it briefly yesterday. You have had the
opportunity to look at the details in more focused sessions this afternoon. While I did not attend those
sessions. I any sure NSF staff moderators reiterated that any additional comments should be made in a
timely fashion.

We will collect all of the input. write the final version of the plan. publish it, and broadly disseminate
it. Most assuredly, we will send it to all of the NSF -performers.- principal investigators or project
directors, to the administration and the U.S. Congress. but also to the broad community. The idea is to
use the plan as a mechanism to explain to all sectors of American society what we are attempting to do.

We are also employ ing the plan as a device to entice the participation of others. You saw evidence of
that yesterday. for example, in the statements by Ms. Cornwell Rumsey from the Department of Energy.
which has entered a formal collaboration agreement with NSI-1 Dr. Poodry did not emphasize this in his
comments, but we have a similar agreement with the National Institutes of Health, and with Cliff now
in a leadership role. we will do more. We have in place an effort with the Department of Education
that focuses on its Cioals 2000 program and the congruence between that ii,tzenda and ours. and we will
pursue others.

The roundtable was initially designed to obtain congressional perspectives on our efforts. Because
there is a cadre of very talented people at this conference, we were able to do it without the members
of Congress. It was different but important. because what we attempted to do in the context of our
programs and the action plan was to identify strategies that would translate our current effort into a
national enterprise. That meant that harriers had to be addressed, and the point of the conference was
to identify them. They were summarized, and they will be integrated Into the action plan. So the
roundtable was a very important process. and it certainly is not going to be the last such activity.
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We took very few questions from the larger audience during the presentation of the plan: therefore,
we are considering a mechanism by which we could repeat this process on a regional basis. I think there
are some obvious ways to do it. For example, we could repeat the focused discussion we had here
yesterday in areas of the country where we have companies and programs. either cities with AMP
projects or the 25 largest US! cities. We could do it in Chicago or in Los Angeles or other places. with
the goal of enticing a larger segment of the American public to understand and participate in our
agenda.

Another achievement of this conference is the increased attendance from other agencies and from
the research directorates at NSF. That is exceedingly important, and it is consistent with Dr. Petersen's
observation that under Dr. Lane's leadership there is increased interest in creating synergy between the
programs that are supported in research and those supported in education. thereby eliminating the
artificial distinction between the two. I should point out to those of you who are from the higher
education sector and operate the various programs represented here that such increased integration
will have a very profound effect on the kind of proposals that you might submit to NSF in the future.

The awards ceremony is long. Perhaps we can find ways to abbreviate it in duration. but I hope you
would agree that we should not abbreviate it in terms of goals and objectives. It is exceedingly important
to continue the awards ceremony to acknowledge the historical context for what we arc attempting to
accomplish, as represented by the Lifetime Achievement Award winners. Jewel Plummer Cobb and
Lafayette Frederick last year. Lloyd Cook the first year. and Warren Henry and Fred Begat' this year.
It is particularly important for the young people who participate in the conference to understand this
point. It is also important to continue the other honors, not only because the students deserve them,
but because it is important to bring Phi Beta Kappa, the Council of Graduate Schools. and NSTA to
our agenda. So we will find ways to do more in less time, consistent with streamlining the government.
but not decreasing the activity.

I am extremely pleased that we were able to engage an increased number of participants in the
conference through the exhibits. and that activity can only grow. I was there briefly yesterday, and there
seemed to be more than LOW people, especially young people, who had converted the exhibit hall into
an open classroom. and a very exciting and effective educational process was occurring. It even contin-
ued through this morning.

We also added participants through the Summer Science Camp (SSC) projects. These were the very
young people vou encountered who had not participated previously. We did that with some trepidatioi.
because it is somewhat challenging to bring 7th, 8th. and 9th graders to Washington. We had to wo.-ry
about all kinds of liability. The Foundation's $3-plus billion budget would he almost instantaneously
consumed in legal fees if we did not do it well. 1 have talked with several of these students to get some
sense of their security and how they felt about participating. Did they feel awed by the scientists and
engineers? The answer to that question was absolutely not.

My sense is thin, based on this experience. we should do more in that regard, that is. invoke more
SSC.' project students. The memory that I will retain forever of these young people is not just of the
projects that they presented. but two additional things: the very healthy sense of self-esteem they have
developed and the healthy disposition that says, have not allowed anyone to impose restraints on
what I can learn.- That is absolutely delightful. The challenge is, what can we do to facilitate that
learning'?

This then summarizes the conference. and I appreciate all of the individuals who have assisted us
with the conference. This includes the two members of the National Science Board who are in atten-
dance. Jaime Oaxaca and Jim Powell. who presided and assisted us in presenting awards at the luncheon.
I thank Anne Petersen for coming to represent the Director's Office, and I thank members of the
Education and Human Resources National Advisory Comm'ittee who are here and assisted us--Peter
Gerber. "Iiim Cole, and Diana Natalieio, who is now a nominee to the National Science Board.

I want to express appreciation to the teachers and administrators from the D.. Public Schools, the
Baltimme Public Schools, and all of the public schools whose students came yesterday in very large
numbers.

I want to thank Courtesy Associates, the conference contractor who's been with us for 3 years and
continues to Improve: they are doing a splendid job. also. I appreciate the staff of the hotel: they has e
been en helpful to us.

There are three people-- before I talk about the next steps---w hum I would like to acknowledge
publicly.
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Roosevelt Calbert's division liqs responsibility for the human resource development programs and I
ask you to join me in publicly acknowledging the leadership that he has brought to this process.

When we decided to initiate this conference 3 years ago, I was told that we had a problem. The
problem was that we were asking a large number of students to make presentations. and we did not
have the staff within the Foundation or a system or process to handle it. Eugene DeLoatch. Dean of
the School of Engineering. Morgan State University. agreed to do this, and he has done it splendidly
for 3 years. One of the reasons you are able to see the students with their l )stern and presentations so
'cry well organized is that he is a schoolmaster in the very best sense of the word. Please join me in
expressing thanks, much belated and inadequate thanks, to Eugene DeLoatch.

Last, and last for the obvious reason that what I have to say publicly I can say basically in one
sentence: There would be no conference this year. nor would there have been one the previous 2 years,
without one individual: Elmima Johnson.

We have spent sonic time debating what we do in the future. The question for the fourth
conference is how to actually build on what ha:, nappened in the previous three. That fits my requirement
for the dynamics of the fourth conference being more than an extension of the previous ones. We need
to do it again because we have, in huge measure, changed the stakes. Eugene DeLoatch has to find a
way to involve even more students. (I am not sure how, but that is his challenge.) And while the USI
has a different mandate, it seems to me after talking to Ms. Johnson, the general superintendent of the
Chicago Public Schools, and others. there is an advantage in including elements of that program in this
conference. In addition, this is the first time we included the Summer Science Camp projects and there
are, in fact, other programs with precollege students and several reasons they should he a part of this
activity. Finally, we need to meet on an annual basis to candidly assess our progress in meeting our
goals.

I thank all of you for your participation and want you to know that I value the terrific work that you
are doing on these projects in your various institutions and schools. I particularly want to thank the
array of people from the NSF Directorate for Education and Human Resources, whom I have not
acknowledged by name.
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STUDENT RESEARCH COMPETITION
AWARD WINNING PAPERS

PRECOLLEGE AWARD

Terrence R. Ruffin, Freshman
E. A. LANEY HIGH SCHOOL, WILMINGTON, NORTH CAROLINA

Summer Science Camp Project
Principal Investigator, Joseph M. Kishton

BARRIER ISLAND TOPOGRAPHY AND VEGETATION ZONES

Abstract: Data were collected by Summer Science
Camp students to demonstrate the relationship among the
following: distance inland from the high tide line, changes
in elevation, and variation in vegetation along a 100 meter
transect at Fort Fisher, North Carolina. Five student
teams measured changes in elevation using meter boxes
and torpedo levels. The sixth team conducted vegetation
counts of one square meter areas at five meter intervals
along the transect line. A dune field of primary, second-
ary. and tertiary dunes was found immediately inland
from the high tide line. Vegetation in this zone was pri-
marily sea oats and pennywort, with an occasional Amer-
ican beach grass. Yucca. prickly pc rr, and beach pea were
incidental within this zone. A transition zone. dominated
by sea ox-eye, preceded the salt marsh, which was domi-
nated by Spartiva.

INTRODUCTION

The purpose of this study was to determine it vegeta-
tion zones on a barrier island were related to elevation
and relative position to the high tide line. Oceanfront
vegetation is, by necessity, salt tolerant. Exposure to salt
spray is related to height and distance from the high tide
line. Some salt tolerant plants such as sea oats. are known
to thrive in dune fields. They trap windblown sand, bury-
ing themselves, further stimulating growth, thereby sta-
bilizing the dune area. Creeping plants may reduce salt
exposure by staying low to the ground. Cacti have a waxy
cuticle that reduces the dehydrating effect of salt. Salt
marsh plants must not only be tolerant of salt, but have
to withstand twice daily, the flooding and drying out of
the tidal cycle.

QUESTIONS

On a barrier island, is there a measurable relationship
with respect to the distance inland from the high tide line.
changes in elevation, and types of vegetation?

HYPOTHESIS

Adaptations to salt spray exposure should determine
the type and numbers of plants in any particular place on
the island. One would expect a dunefield dominated by
sea oats to he immediately inland from the high tide line.
Further inland from the dunefield, a maritime thicket of
yaupon, scrub live oak, and wax myrtle might exist on
higher elevations. On the sound side of the island. a salt
marsh of Sparring should occur.

MATERIALS AND METHODS

Materials for this procedure included rive boxes made
of meter sticks hinged at the corners, five torpedo levels,
100 meters of stout line (marked at one meter intervals in
black, and five meter intervals in red), and five clipboards
for recording data. Five groups of four students measured
changes in elevation along a 100 meter transect. Each
team used the meter stick boxes and torpedo levels to
determine changes in elevation at one meter intervals.
lbtal change in elevation was rounded to the nearest
twenty-five centimeters for every five meters of distance
along the transect. This was done to present the data
graphically. A sixth group counted and identified plant
species within a one meter square area every fifth meter
along the transect.

U
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RESULTS

The accompanying figures depict the relationship
among the occurrence of plant species, elevation, and
distance from the high tide line, as well as the number of
species in each zone along the transect.
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Sea oats and pennywort dominated the primary dune
area. The large number of pennywort may he deceptive.
They are smaller than sea oats. Therefore, larger numbers
of individuals may not mean that they arc the dominant
species of the zones that they inhabit.
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American beach grass was evident on the secondary
dune. Sea oats and pennywort were also found here.
Beach grass is probably less tolerant of salt spray and first
occurs only in the protection of the primary dune.

On the tertiary dune, Yucca plants make an appear-
ance, along with beach pea (a creeping vine). That these
were not seen earlier along the transect, probably indi-
cates that they also are less salt tolerant than sea oats,
pennywort, and even beach grass.

No maritime forest was encountered along our transect.
A transition zone, marked by prickly pear and ox-eye
daisy immediately preceded the salt marsh characterized
by Spartina alterniflora (salt meadow cordgrass).

CONCLUSIONS

The primary dunefield contained plants that could tol-
erate salt spray. The dunes also protected more inland
areas from wind and spraying salt. The farther inland one
moved along the transcct line, the more diverse the spe-
cies of plants. Within the transition and marsh zones,
plants must be able to withstand flooding at high tide.
Ox-eye daisy and prickly pear can withstand an occasional
floodtide. while Spartina must withstand a twice daily
flooding by the tidal cycle.
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PRECOLLEGE AWARD

Roosevelt Love, Senior
BEAUMONT HIGH SCHOOL, ST. LOUIS, MISSOURI

Comprehensive Regional Centers for Minorities Project
Principal Investigator, Harvest L. Collier

A STUDY OF THE ST. LOUIS METROPOLITAN
METRO-LINK LIGHT RAIL STATION CANOPIES

Abstract: Since its introduction in July 1993, the Metro-
Link Light Rail Transit System of St. Louis. Missouri has
attracted an average of 23,000 riders daily. The success of
the system is measured against the projected ridership of
17,000 riders per day. While the overall impact of Metro-
Link has been environmentally beneficial, environmental
("green") design was not a requirement of the criteria
that the project architects, Kennedy Association, utilized
in their original design efforts. The purpose of this project
is to redesign the passenger canopies of the Metro-Links
outdoor platform stations to include environmental cri-
teria. It is hypothesized that the canopy redesign should
differ greatly in form, and in the type of materials used,
and it should consider all environmental elements. The
canopy design produced by this study was examined
against the original design in addition to the objective,
and sometimes subjective, criteria of the newly emerging
"Green Architecture." The results show the hypothesis
to be true. The conclusion is that if mass transit includes
environmental criteria in station canopy design energy
consumption. pollution. and "unfriendly" materials use
will be greatly reduced.

BACKGROUND INFORMATION

The primary purpose of mass transportation is to move
people from place to place in a safe, convenient, corn-
tOrtable and efficient manner. The spin-off benefits in-
clude private economic development that produces in-
creased employment and a higher standard of living.
Some of the benefits are immediate and measurable, oth-
ers take time to develop and are not readily recognized.
Reduced energy consumption and a reduction of traffic
are already being noticed. Improved economics are only
in their early stages.

The new Metro-Link system takes advantage of. builds
on and repeats some of the region's rich history. In the
early part of the nineteenth century. Last St. Louis was
the western terminus of rail traffic in this area. The Fads
Bridge, which is on the National Register of Historic
Places, was built to encourage economic growth in St.
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Louis. Metro-Link utilizes the abandoned rail deck that
had gone unused for almost two decades, a rebirth of a
structure and purpose that originated 12(1 years ago. So-
cially as well as economically, the reuse of the bridge
makes East St. Louis less remote and more a part of the
metropolitan community, not an isolated satellite lost in
the nebula of interstate highway exchanges.

The system extends west beneath downtown in the orig-
inal limestone and brick arcaded tunnel built at the same
time as the Fads Bridge. The tunnel, renovated and illu-
minated is one of Metro-Link's most extraordinary, and
beautiful achievements.

Metro-Link also reintroduces the romance of rail travel
to the 100 year old Union Station. Union Station was once
the busiest rail yard in the United States and was the
crossroads of thousands of military personnel during
World War Two. Metro-Link has also contributed to a
fifteen percent increase in retail business at Union Sta-
tion. Metro-Link has had a similar impact on St. Louis
Centre, a downtown shopping mall in the heart of the St.
Louis business district.

The system runs under the original Wabash Station at
Delmar Boulevard and Des Peres Avenue. The beauti-
fully proportioned neoclassical structure is not part of the
system. but makes a visible connection to the past. The
Wabash Station Building is a perfect location for the type
of private development that could take advantage of the
23,000 riders that pass it even day.

Metro-Link passes Washington University and runs
through The University of Missouri at St. Louis on its
way to the airport. giving thousands of students the op-
portunity to access higher education at campuses that
serve a significant commuter population.

The newest station that opened at Lambert Interna-
tional Airport is the temporary terminus of the system.
The station, in only two months of operation is already
experiencing a ridership of 2,700 people per day. That
traffic, that no longer jams Interstate 70. is made up of
business people traveling to and from other cities and
conventioneers that are enriching St. Louis' tourism in-
dustry.



The quarter cent sales tax that was passed in early
August of 1994 will allow designers to extend the system
to every point of the compass and allow even more people
to take advantage of a system that could he as extensive
as Washington DC's in as little as 20 years.

REVIEW OF LITERATURE

Because the Metro-Link light rail system is such a cur-
rent event, a great deal of information is readily available.
The sources of information for this project include written
design documentation, oral analysis from the Project
Manager for the Architectural design, periodicals from
both local and national sources, a video and a design
manual.

The initial source of information that was reviewed was
the "Design Criteria Manual" that was written in 1986
and was intended to serve as an objective checklist for the
designers that began the final design efforts for Metro-
Link in 1989. The Design Criteria was essentially design
instructions for the engineers and architects that were
responsible for the design of electrical, mechanical,
plumbing, structural and civil issues in addition to the
architectural discipline. The subjects covered by the cri-
teria included pedestrian and vehicular circulation, con-
struction material selection, dimensional requirements,
functional requirement, security and lighting standards.
landscaping, accessibility for the disabled, and guidelines
for addressing historic preservation. The work of the final
designers was continually examined against the criteria to
assure the design of a safe, durable and cost effective
system.

The Construction Documents were the next source of
information that was necessary to review the architect's
success with the Design Criteria. The Construction Doc-
uments, commonly, but erroneously. referred to a blue
prints, contain the actual design for the canopy as dictated
by the criteria. All of the components of the canopy are
represented in these documents that are further described
in the procedures.

The Arch;to-tural Project Manager. Robert E. St. John
of both inned),,, Associates, provided an oral under-
standing of both the criteria and the drawings. He had
originally written the criteria and was responsible for di-
recting his staff's efforts in the design process. Mr. St.
John conducted a tour of the alignment and during this
tour it was noted that environmental issues were not the
primary considerations in the design. As each aspect of
the canopy was discussed it became clearer that each com-
ponent of the canopy might have taken a different form if
the environment were a higher priority. Mr. St. John also
provided the outline of the design process that was used
in the procedures of this report.

The initial discussions of environmental impacts on de-
sign led to the discovery of "Green Architecture" as prac-
ticed by New York City architects who were responsible for

the design of the renovation of the Audubon Building in
New York. In the Audobon Building every material, com-
ponent and assembly was examined for its environmental
property and was only utilized if it was compatible with
environmental goals. Examples include the use of cotton.
not petrochemicals for insulation; cork linoleum. not plas-
tic based flooring, and formaldehyde free processed wood
products in lieu of their off-gassing counterparts.

The understanding of the aforementioned sources to-
gether with a review of current local news articles in the
St. Louis Post Dispatch forms the basis of the hypothesis
and procedures that are part of this study.

STATEMENT OF THE PROBLEM

The public's perception of the Metro-Link success
helped pass a sales tax initiation in August 1994 that
funded 100 miles of extension with as many as eight ad-
ditional stations. Some of the success of the system can
be attributed to the cost effectiveness of the design solu-
tions. For example, the right-of-way, or the alignment.
was donated by the manicipalitites and railroads. Existing
trackwork was recycled for use in the maintenance facility,
and bus routes were reconfigured to "feed" the rail sys-
tem saving thousands of travel miles and wear of the ex-
isting buses.

Mass transit has proven itself as a significant past of
goals to reduce energy consumption. As overall goal of
this redesign project is to recommend that every compo-
nent and operational feature of a light rail system should
he designed to support environmental improvements.
Thus, the specific of an improved station canopy should
reflect reductions, not only. but in energy consumption,
is pollution, and in are of materials detrimental to the
environment.

PURPOSE

1 he purpose of this study is to redesign the canopy of
the St. Louis Metro-Link Transit system's out door. open
platform stations. The redesign will introduce a new cri-
teria for design that was not required in the original and
recently constructed system. The new criteria will be for
environmental considerations. The priority for the new
environmental criteria will rank near the top together
with safety.

HYPOTHESIS

The design of the canopy for the outdoor platform sta-
tions of the St. Louis Metro-Link Transit System would
differ from the current design if environmental quality is
introduced as a significant criteria. It is believed that
form. materials and image would all be affected by a
change in design approach.
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PROCEDURE AND ANALYSIS

Architects are granted licenses by the states to practice
their profession when they demonstrate a minimum pro-
ficiency in three areas in descending order. The first area
includes the ability to follow codes that assure the public
of a minimum degree of safety. The second criteria for
licensing is the ability to translate the clients goals into
usable forms within stated budgetary goals. The third
area, which is very subjective, is the ability to provide
designs that are aesthetically pleasing. Architectural can-
didates, through a combination of testing procedures, are
tested for their knowledge and ability before they are
allowed to practice architecture. For the purpose of this
project. environmental concerns will be considered to he
the part of an architect's responsibility in the area of
public safety. This will rank environmental considerations
high in priority in the criteria for design.

Architectural training is a four to six year college
course of study. Through the design class, architects are
trained to refine a design process that they will ultimately
use when they enter the profession. The design process
takes an architect through the following steps:

Analyze the goals, objectives and program of the
client,
Define the client's goal in terms of an architectural
solution,
Analyze the client's goals in terms of public safety,
Examine the architectural options available that
meet safety and the client expectations,
Examine the component parts of selected options
for compatibility with the client's goals.
Compose the component parts into a cohesive de-
sign solution and
Present the results of the design ehorts to the client
for approval.

The process that will be used for this study will parallel
the basic architectural process.

This report will assume that a canopy is the agreed
upon solution for passenger protection at the outdoor
platform stations as describe in the criteria. Canopy is the
term used to describe a structure that is used to protect
waiting transit riders from the elements. In the St. Louis
area the structure should protect passengers from the rain
and from the sometimes relentless summer sun. The can-
opy should also enhance a rider's perception of physical
safety by being well lit with an open feeling. One of the
goal of the canopy was for it to he viewed as an icon for
the whole transit system, so it has to have a certain com-
manding presence. The canopy should be large enough to
accommodate 50 people during a driving rain or from low
summer sun angles. (see diagram I)

The basic components of the canopy are as follows:

Vertical structure,
Horizontal structure and
horizontal coverage. (see diagram II)
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The vertical structure is most commonly a set of col-
umns that support the canopy. Bearing walls might be
considered as an alternative, but they can obstruct view
and reduce a patron's perception of safety.

The horizontal structure is supported by the vertical
structure and in turn supports the horizontal coverage.
The horizontal structure can take the form of beams,
girders and joists or trusswork. The horizontal structure
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must be substantial enough to support snow and rain
loads, wind loads, and the weight of the materials them-
selves. An architect will ordinarily design the structure,
but a structural engineer will be required to perform the
necessary calculations to insure the structure's capacity.

The horizontal coverage extends over, and sometimes
under, the horizontal structure to protect an area of the
platform form the elements. The coverage may be clear,
translucent or opaque depending on the criteria for pro-
tection. Clear coverage will protect from the rain and will
allow for natural illumination for most of the day, buy will
not protect from the sun. Translucent canopies have the
advantage of the clear alternatives and offer sun protec-
tion. Opague canopies will protect from the sun and the
rain but may mandate artificial illumination early and late
in the day.

An analysis of the component parts is important at this
point to begin to understand the impact of choices for
form and materials selection. The only decisions that can
be intelligently made are those that suggest that columns
are made safer than walls, translucent coverage optimizes
protection and minimal use of lightning, and that the
horizontal structure should allow for the benefits of trans-
lucent coverage.

Historically, four basic types of canopy form have been
used. They are:

"V" shaped or butterfly,
Flat.
Gabled
Suspension. (see diagram III)

The butterfly canopy has been used for about a century.
This type of structure allows light to penetrate under the
canopy and it directs rainwater away from the platform

DIAGRAM III

FLAT shaped"V" shaped

Gabled shaped Suspension

edge and away from the passenger's heads as they hoard
the train. Flat canopies arc a very common way to provide
protection but do not shed snow well and therefore re-
quire relatively more s ructure. Gabled structures have
been very successful and represent Metro-Links canopy
in the modified barrel vault form. Gabled canopies shed
snow well, but right on the passengers and tracks if not
properly designed.

Ultimately the selection of a canopy shape should he
integrated with the form that the component parts will
take and with the desired materials from which to con-
struct it.

The following is an outline of the more generic choices
for construction materials that might he considered for
the component parts of the canopy: (sec diagram IV)

Vertical Structure
wood columns
steel or aluminum pipe or "Fl- section columns
masonry or stone bearing walls or columns
concrete bearing walls or columns
Horizontal Structure
wood girders. beams. joists or trusses
plastic girders. beams. joists or trusses
steel or aluminum girders. beams. joists or trusses
concrete cast in place or precast
Horizontal Coverage
clear: glass or plastic
translucent; glass, plastic, fiberglass or fabric
opaque: conventional standing seam. asphalt or
rubber

Materials should he chosen for their functional and en-
vironmental properties. Functional characteristics include

WOOD

MASONRY
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durability and low maintenance. Environmental charac-
teristics are defined by the answers to the originals of
materials, the amount of energy it takes manufacture or
fabricate the material and to the long-term impact that
the material will have on the environment. The aesthetics
of a material should also be considered. Issues of color.
reluctance and texture can dramatically affect the ap-
pearance of a design. Aesthetic qualities, however, could
be a natural results of the properly select environmental
and functional material.

As materials are being selected for the component parts
of the canopy it is important to consider the source of the
material. Does it come from a rain forest' Is it from a
recycled source? Does it come form a renewable source?
Will obtaining the material be detrimental to it's environ-
ment? The hypothetically perfect material would come
from either recycle or renewable source. It should come
from a place that can be returned to irs natural environ-
mental state. Wood from farmed forests, steel from recla-
mation, plastics form recycled material and concrete that
is comprised from recycled aggregate and reinforcing
steel are good examples. It is also important to consider
weather or not the materials from a canopy can he reused
after it has lived its useful life.

Materials should also he selected that need minimum
energy requirements to obtain, refine, fabricate and or
manufacture. For example, it takes less energy to fabri-
cate aluminum form recycled cans than it does from the
raw bauxite ore. The same is true for glass, steel and
plastic objects. Natural stone will require less processing
than the manufacturing of brick and block. Stone mining
if not properly controlled, however, could lead to the ugly
results of strip mining.

The energy requirements of the construction process
on the site should be considered as well. Is bolting less
energy intensive than welding? Is hand assembly more
energy efficient than machine assembly? Is the cost in-
curred in the additional labor required balanced by the
capital cost and energy consumed by power tools'? The
final design of the canopy should respond to these ques-
tions.

The impact of the canopy at eh station on the environ-
ment should he minimal. Currently rainwater shed from
the canopies enters the existing storm and sanitary sewers.
It would he better to direct storm water hack to the ad-
jacent land to return to the ground water or to pump it
to landscaping that has its own environmental benefits.

The path the rainwater takes is also important. It
should not wash over toxic coatings or materials prior to
reentering the ground water.

The resources that are required for the maintenance
and operation of the canopy should he reduced. Canopies
designed with opague roofs will require artificial illumi-
nation in the early mornings and late afternoons, trans-
lucent canopies will not. Canopies affixed with solar stor-
age panels could supply the canopies with electricity that
could augment requirements for lighting and power nec-

essary for the operation of fare collection machines, se-
curity cameras. public address systems and elevators. (see
diagram V)

The canopies should he designed for minimum main-
tenance. The use of water for cleaning the canopy or
hosing down the platform should be minimized if not
eliminated.

These new environmental issues are, for the purpose
of this project, are now considered a part of a revised
design criteria. This new criteria is reflect in the revised
design of the canopy that follows.

SIGNAGE

DIAGRAM V
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RESULTS

The result of this project is an alternative to the existing
canopies. This new design is based on the assumption
that environmental considerations are an important part
of the Design C'ritcria.

In selecting materials for the vertical structure, con-
crete had advantages over its alternatives. Concrete,
composed of recycled aggregate and reinforcing steel, re-
quires less energy to produce than new steel. Recycled
concrete is preferable to wood that is not necessarily a
renewable resource. Concrete also has durability and
maintenance advantages over wood or steel.

The horizontal Structure is a combination of aluminum
trusses and tension rods. Aluminum is more expensive
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than steel and wood, but is probably competitive with
cast in place concrete. Because of its weight, aluminum
is easier to fabricate and support than concrete. Alumi-
num is more durable than wood, and requires less main-
tenance than steel.

The horizontal coverage will consist of a combination
of translucent fiberglass panels and solar collection and
storage panels. The translucent panels allow light pene-
tration and provide shade. The selection of fiberglass, a

recycled resource, is preferable to glass, which can shat-
ter, and plastic, which comes from petrochemicals. The
solar collection and storage panels would he installed on
the sun facing face of the canopy and would offer supple-
mental power for station lighting and ancillary systems.
(sec diagram VI)

TRANSLUCENT
(FIBERGLASS)
COVERAGE

DIAGRAM VI

TENSION RODS

SOLAR PANEL

ALUMINUM TRUSS

CONCRETE
COLUMN

CONCLUSIONS

The originally designed canopy was the result of a col-
laboration of architects, artists, engineers and contrac-

tors. It has been enthusiastically received by the public
and praised by the media. It is a testament to the success
of the design criteria and to the talents of the designers.

One purpose of this project was to introduce environ-
mental concerns into the design process. The resultant
design achieves the stated goals and suggests that future
extensions to the alignment should incorporate environ-
mental requirements into a revised Design Criteria. A
new Design Criteria could affect the canopies, as dem-
onstrated, as well as the alignment, bridges and other
structures. The entire metropolitan area would then ben-
efit from improved transportation and an improved envi-
ronment.
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AERODYNAMICS IN ACTION

Abstract: This science project :N about building and
flying a simplified model of an airplane wing in a wind
tunnel to measure the forces associated with flight. Dif-
ferent wing designs were evaluated with the use of com
puter simulation. The project involved plotting the de-
sired wing shape on paper. and cutting out plywood to
match. and then using these woc:.1 templates to guide the
wire-cutting to create a two-dimensional wing from
styrolbam.

After testing the wing in the wind tunnel, the experi-
mental and theoretical results were compared. In both
cases, more curvature in the wing shape produced a
higher lifting force. The project followed the same general
steps that airplane manufacturers use to test wing designs:
computer analysis and design, model fabrication, and
wind tunnel testing.

INTRODUCTION

There are four forces acting on an airplane when it is
flying. These lour forces are: lift, gravity, drag, and
thrust, as shown in Figure I. Lift is the result of lower
pressure on the top of the airfoil and higher pressure on
the bottom which makes the airplane move upward. The

FIGURE 1

Four Forces Affecting Flight

"weight" of each air molecule causes pressure. Gravity is
the force that makes the plane move downward because
of the weight of the plane. Drag is the force that pushes
the airplane in the same direction as the wind. More drag
therefore causes more fuel to be used. Thrust is the force
caused by the engines of the plane: it makes the airplane
move in a forward direction.

An important concept in designing aircraft is the shape
of the wing, including the camber and angle of attack of
the wing cross-section, or airfoil. Camber is how much
curve the airfoil has along the middle line as shown in
Figure 2. Symmetric airfoils. therefore, have no camber.

FIGURE 2

Camber of an Airfoil
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The angle of attack is the difference in where the wind
is coming from and the direction that the wing is pointing,
as illustrated in Figure 3, The greater the angle of attack,
the more lifting force generally results, until the angle is
so large that the wing stalls.

The problem statement is how to design a wing. What
is the best shape? Does camber increase lift? Our
hypothesis is that camber creates more lift for a given
thickness.

PROCEDURE

First, we entered the airfoil shapes into Excel using the
profile information in the first reference. There are two
airfoils: NAC'A 4415 and NACA 2415. The first one has
more camber than the second one see Figure 4 for clar-
ification.
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FIGURE 3

Angle of Attack Relative to the Wind
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We used the program Panda to simulate flying these
different shaped airfoils: within this application. it is pos-
sible to set the angle and calculate the lift. Then, we
graphed this data in Excel to compare the airfoils' lift
theoretically. In order to measure the actual lift the two
wings would produce. it was necessary to build them.

The first step was to print the airfoil shapes and using
scissors, cut out the figures. We pasted the figures to
plywood which was 1116 inches thick. Then, using a jig-
saw. we cut out the wood templates. The edges of the
templates needed to he sanded down to the shape of the
airfoil to prevent rough edges. Afterwards, we marked
and numbered around the edge of the templates. We
taped the matching templates to a block of Styrofoam
after carefully measuring that the distance between the
two templates was equally spaced.

Then, we used a hot wire to cut the foam tracing the
template's shape. The wire gets hot because there is elec-

FIGURE 4

Comparison of Airfoil Shapes
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tricitv passing through it. Because of the size of the ap-
paratus. it was necessary to have two people controlling
the wire: one's leading, calling out the numbers on the
template, and the other is following, making sure they are
at the same location. After cutting the airfoil shape. we
trimmed the trailing edge from the foam using a razor
blade and glued on a trailing edge made from balsa wood.
making sure the wood was firmly attached. We affixed a
black plastic sheet with adhesive. called monocote, to the
wood of the trailing edge. By means of a hair dryer, the
adhesive is heat activated and helps smooth the surface
of the airfoils. Then, we tested the airfoils in the wind
tunnel. We took measurements of lift at angles 0', HP,
and 20'. Also, we chose to take additional data at 5° and
15' for airfoil 4415. There was a problem with the screw
on the balance that interfered with the reading when we
were measuring the 20' angle. This difficulty was solved
by keeping the door of the wind tunnel slightly open so
that the screw would not hit the door when the wind was
blowing. Due to the non-precision nature of the equip-
ment. we felt that it did not affect the pressure inside the
wind tunnel significantly.

RESULTS

The graph in Figure 5 represents the theoretical and
experimental results. The airfoil 4415 did indeed produce
more lift at most angles. The solid lines show the results
from the computer simulation, and the dashed lines show
the data from the actual wind tunnel tests. Even though
the test results do not match the theoretical results, they
do show the same trend. Some of the inaccuracies in the
test may have come from setting the angle of attack on
the model, which was clone by hand, or the interference
of the screw with the tunnel door.
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CONCLUSIONS

The results showed that more camber for a given thick-
ness creates more lift. Therefore, if we want to design an
airplane wing, we should build it with more camber. How-
ever, another consideration that has to he taken into ac-
count when designing airplanes is that more camber pro-
duces more drag force. Drag causes the airplane to burn
more fuel which can be costly. Also, sometimes the best
design is too complicated to build. Every airplane design
is a compromise.
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DRAINAGE TIME OF A ROUGHLY CYLINDRICAL CONTAINER AS A FUNCTION
OF HOLE DIAMETER AND INITIAL WATER HEIGHT

Abstract: This is a controlled experiment that investi-
gates the time (t)dependence of a draining approximately
cylindrical container with respect to initial water height
(h ) and aperture size (d). The independent variables arc
controlled, i.e., first the water height is held constant,
then the diameter of the hole is held constant. Graphical
analysis of linear and log-log plots of the experimental

data is utilized to conclude that t(d,h) = 3.45
d-,

.

INTRODUCTION

Drainage time is of interest to engineers who design
water tanks and other storage bodies. For my project. I
performed a controlled experiment to determine the
mathematical relationship between the time t for an ap-
proximately cylindrical container to empty and different
diameters d of a hole in the bottom and different initial
water heights h. For example. one diameter could he 2.0
centimeters (cm), another one could he 5.1) centimeters.
From past experience, one knows qualitatively that the
container with the larger diameter hole will drain faster
than the container with the smaller diameter hole when
h is held constant. However, I wished to determine the
quantitative relationship. (Note: The initial height of the
water was held constant when the diameter was varied,
and the diameter was held constant when the initial water
height V, ;Is varied.)

For m project. I used four identical, approximately
cylindrical containers (cups), each with a different size
hole in the bottom. water, a stopwatch, and a ruler in
order to measure the different diameters and different
initial water heights. After I had all the materials. I mea-
sured and cut the different diameter holes in the bottom
of the four containers. Then I poured the same amount
of water into each container. Each container was tested
for its draining time. The procedure was repeated three
more times, varying the initial water height. for a total of
16 time measurements. Results were recorded in Table I
(sec data section), and the data were analyzed using
graphical analysis techniques.

RESEARCH

Time

In addition to research on graphical analysis, which I
will explain later, I also read about time and how water
is held together. Time is one of the deepest mysteries
known to man. The ability to measure time makes our
way of life possible. One way of thinking about time is to
imagine a world without time. Any change that takes
place again and again stands out from other changes. The
rising and setting of the sun exemplifies this point. The
first people to keep time probably counted these natural
repeating events and used them to keep track of events
that did not repeat. When man began to count repeating
events, he began to measure time.

Scientists think of time as a fundamental quantity that
can he measured. Other fundamental quantities include
length and mass. The noted physicist. Albert Einstein,
rei,lized that measurements of these quantities arc af-
fected by relative motion..the motion between two ob-
jects. Because of his work. time became popularly known
as the fourth dimension. Many physicists have considered
the possibility that under certain circumstances time
might even flow backwards. But experiments have not
supported this idea. Some scientists are considering
whether time might have more than one dimension.

How Water is Held Together

Water's unusual properties depend on the forces hold-
ing it together. These forces are chemical bonds and hy-
drogen bonds. Chemical bonds arc the forces that hold
the two hydrogen atoms and the one oxygen atom to-
gether in a water molecule. Each hydrogen atom has one
electron whirling in orbit around its nucleus. But each of
these atoms has room for two electrons. The oxygen atom
has six electrons in its outer orbit, but it has room for
eight.

Hydrogen bonds are the forces that link water mole-
cules together. Water molecules have a lopsided shape
because the two hydrogen atoms bulge from one end of
the oxygen atom. The hydrogen end of the water molecule

ti
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has a positive electric charge. At the opposite end, the
molecule has a negative charge. Water molecules link to-
gether because opposite charges attract.

Graphical Analysis

The analysis of data from an experiment is always re-
duced to finding, the relation between just two quantities.
so methods used to determine various types of relations
will be discussed. If two quantities are related by some
regular function. for each value of one quantity, there is
a certain value of the other. The outcome is that when a
graph is plotted of one quantity against the other, a line
is formed. So the first use of a graph is to show if a relation
exists, for if it does. the values of one when plotted against
the values of the other will aj pear to fall on a line. In
order to define a line. many points arc required. The
number required depends on the 1:Lipe of the line; but if
its shape is unknown, the larger the number of points,
the better. Two points define a line only if it is known that
the line is straight; otherwise a larger number of points is
required.

Linear or first power relations

The general equation of a straight line is of the form
= 111X b where b is the value of y when .v -O. and is

called the v- intercept. If the line goes through the origin.
then b = 0. The quantity m is called the slope of the line
and is commonly expressed as a ""%. The rise and run
are measured in the units indicated on the y- and x-axis.

respectively. With this understanding of slope, the values
of y must be plotted in the vertical direction, and those
of x must he plotted horizontally. If the slope in is zero,
then r does not depend on x. Experimental points maw
not lie exactly on a straight line; we do not expect them
to. because experimental data are never exact. The points
may suggest a straight line. If so. a straight line should he
drawn among the points. Such a line is called the "best
fit- straight line. It will probably go above some points
and below others, but it is an honest attempt to show the
trend of the data. The data should not suggest that a
smooth curve would fit the points better than such a
straight line. The fact that the experimental points indi-
cate a straight line show that the trend of the data is linear
within the limits of that experimental method. The results
of the graph may he compared to the results expected
from theoretical analysis. Whether or not your results are
sufficiently close to the accepted or to a calculated theo-
retical value can be determined only if the numerical un-
certainty, or error, in the experimental value is calculated.

Power Laws

A very common type of relation is one of the form
tr = kr" where ri and r are the variables, and the power to
which r is raised can be integral. fractional. positive. or
negative; k represents a constant. This equation includes
all those represented by the curves shown below. Graphs
illustrate various mathematical relations. Only the
straight line can be identified by inspection.

Directly Proportional Functions
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liking the log of both sides of the equation, u = kr"
gives logo = log,k + //logy. Now let v = logo, .v = logy,
b = logk, and the equation becomes v = h + nx, which is
the equation of a straight line. The quantity logo can he
plotted in the y direction and loge in the x direction. A
straight line would then result. the slope of the line being
the exponent n and the constant k being the antilog of
the y- intercept.

EXPERIMENTAL PROCEDURE

The time for a storage tank to drain for example a water
tower. is of interest to engineers. This experiment inves-
tigates the relationship between time t for the contents of
a cup to drain through holes of different diameters when
the water level starts at different heights h. The indepen-
dent variables are height h and diameter d, and the de-
pendent variable is time t. This is a controlled experiment
since h was. held constant and the diameter d was varied
four times. Then the diameter d was held constant and
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the initial height h of the water level was varied four times,
as explained in the introduction. The data are shown in
Table 1. The time entries are measured in seconds.

Table 1 Data

d in cm h in cm

12.2 10.0 7.0 5.0

2.0 5.96 4.69 3.74 2.77
3.0 2.56 1.90 1.78 1.28
4.0 1.99 1.17 0.92 0.75
5.0 1.14 0.96 0.70 0.54

THEORY/ANALYSIS/RESULTS

After recording my data. I graphed time t versus di-
ameter d (see Graph 1). The relationship appears to be

a type of inverse relationship (t 7 1 . Now logic implies
d"

that

I X I I 'X
Area (V. 1101C ?Tr- 71.(.112)2
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(where k is a constant of proportionality). so that n = 2.
This equation is of the form y= m.r + b. which is a straight
line if

k

h-40
A graph of t versus lid= should he a straight line going
through the origin. I did graph t vs. IV., holding h con-
stant (Graph 2) and did get straight lines through the
origin. Thus. I confirmed that n=2 and t x 14/2 (height
controlled). Next, I investigated how the initial water
height h affected time t to drain. I plotted t time versus
height h, holding d constant (see Graph 3). The shape of
Graph 3 suggests that tx h", when (Vn<1 (for n<1 the
graph would look parabolic or steeper in shape and n I

would he a straight line). Now to see if my reasoning is
correct. I plotted log/ versus logh (see Graph 4), as ex-
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plained below. Assume that txh" t = where k is a
constant of proportionality.

t = kit" logt = logk +100" --0 logs

= logk+nlogh logt =nlog/z + logk,

which is of the form of a straight line v = mx + b. it

v log(
m n

.v --+ logh
b logk

Thus. if I do get straight lines in Graph 4. I can. find
the exponent of h since n is just the slope of the line

logs = nlogh + logk,
When I plotted the t and h data on log-log paper. I did

indeed get four straight lines which were parallel to each
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other.' I found the slope to be approximately 0.75, so
h. 75

n = 0.75 = 3/4. Therefore, 1 found that t(d,h) y ,
(1-

/10 75

t(d,h)=
d-

Now I chose a good point and found the

constant k. I plugged d= 3 cm and it = 5 cm into the above
equation and set this equal to my experimental drainage
time of 1.28 seconds.

/1""t(d,h)=k--'
5 1'1.28 = k k = = 3.45

32
5117,

hi, 75

Thus. finally, I found that t(d,/i ) = 3.45--d2 for my con-

tainer.

DISCUSSION OF ERROR

The time entry in Table 1 may he in error by ±0.1
second since a human hand and eye cannot be trusted to
measure less than a tenth of a second. Additional exper-
imental errors (uncertainties) include the errors in mea-
suring diameter d and initial height h. The greatest pos-
sible error (g.p.e.) for both d and 11 can be estimated as
half the place holding value of the last significant digit.
Since both d and 11 are measured to the nearest tenth, the
g.p.e. can be estimated as ± 0.05cm. Error in cutting
perfectly circular holes was also present. The graphing
procedures employed in the lab help take all the above
errors into account even when the errors in the measured
values are propagated by squaring, multiplication, divi-
sion, etc. The percent relative error can he calculated
using the following equation:

percent relative error

measured twilit, calculated value

measured value

For example, for d 2.0cm and II=12.2cm, the measured
drainage time is

It" 7'
t(d,h) = 3.45

75

1(2.0,12,2) = 3.45 , 5.03
").0-

the fact that the log t vs. log h lines are parallel to one another is very
important because the goal of this experiment is to lind a general math-
ematical relation that desvribes all the data. If the lines were not par-
allel. they would have different slopes, hence different %attics of n. and
no general mathematical relation would exist. Instead, several separate
equations would he needed.

Thus, the percent relative error is

percent relative
5.96

error
5.96-5.93

100(7e =

The percent relative error for all values of drainage time
is summarized in Table 2.

Table 2 Percent Relative Error

d in cm h in cm

12.2 10.0 7.0 5.0

2.0 + 5.50% 3.40% 0.80% 3.97%
3.0 + 2.30% 1.37% + 7.30% 0.00%
4.0 2.90% 3.42% -8.70% + 3.87%
5.0 + 2.10% + 1.92% +1.51% +14.60%

CONCLUSION

It is possible to find a general mathematical relationship
between the time for a cylindrical container to empty and
the diameter of a hole in its bottom and the initial height
of water within it. Because the "cylindrical" cups were
identical, the data from them could be combined to find
a general mathematical relationship. For my experiment,
as shown above, I found that

75

t(d,h) = 3.45

which allows us to predict the time I for my cylindrical
container to drain given any arbitrary diameter d and
initial water height h. So for any h and d, I can find a
value of time t without actually measuring it. One of the
goals in science is to reduce empirical data to a mathe-
matical equation, as I have done in this experiment.
Graphical analysis is seen to be an extremely powerful
tool in determining the relationship between experimen-
tal variables. Future investigations could include investi-
gating different sized containers, different shaped con-
tainers (rectangular, semihemisphcrical, etc.), or the
placement of the hole to see whether the above equation
needs to he modified, and if so, to determine the new
equation. In addition, other future research could include
doing a library search of technical (science and engineer-
ing) papers on the topics of drainage time of storage bod-
ies and the theory of water flow through orifices. Reading
these papers might provide me with practical applications
and new research techniques.

In summary, from doing this project I learned about
draining. (It does not matter from where water is drain-
ing: it could be from a sink, a bottle, etc.). Also, I learned
new concepts and techniques of mathematical and graph-
ical analysis. Finally, I learned more about time and prop-
erties of water. All these reasons made this project very
worthwhile.

1(17
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TRIISOPROPYLSILANOL: A NEW PHASE TRANSFER CATALYST FOR
DEHYDROHALOGENATION

Abstract: A new solid-liquid phase transfer catalyst
(PIC) has been developed which allows the inexpensive
hare, potassium hydroxide, to quantitatively convert alkyl
halides to alkenes avoiding both ether and alcohol by-
products. Triisopropylsilanol (TIPSOH) is effectively de-
protonated at the surface of the base forming potassium
silanoate (KOTIPS). This highly hindered soluble base
effects the deprotonation of alkyl halides regenerating
TIPSOH which repeats the cycle. Even primary halides
undergo exclusive elimination, at: unprecedented result.
More acidic in dipolar aprotic sob tints than normal alco-
hols, an efficient proton transfer occurs between the KOH
and the silanol providing an entirely new and useful cat-
alytic process. The silanol-silanoate system has also been
demonstrated to be an efficient alternative to existing
methods in the detoxification of mustard gas analogues
and environmental pollutants.

INTRODUCTION

Silanols and their corresponding anions (silanoates) are
finding increasing uses in organic synthesis as organic-
soluble equivalents of water and hydroxide ions as well as
and in organometallic chemistry as stable bulkyligands.'
Silanols are hydrogen-bonding donors and acceptors.'
Early studies established that silanols are more acidic
than the corresponding carbinols, a feature which we
felt could be effectively used to develop an entirely new
approach to catalytic dehydrohalogenation, namely
through the silanol-silanoate system. Through related
studies on the directive properties of the triisopropylsilyl
group (TIPS),' we had been impressed with the remark-
able resistance of this group to undergo substitution at
the silicon center, a feature which results in much greater
hydrolytic and chemical stability for organosilanes which
contain this ligation compared to traditional less bulky
derivatives. The fact that the isopropyl groups are smaller
than phenyl or cyclohexyl while providing effective steric
protection around the silicon was an additional attractive
feature of the TIPS group because it renders the silyl
derivatives both volatile and easy to analyze spectroscop-

ically compared to these other ligand examples. More-
over, their smaller size was anticipated to increase the
water solubility of the silanol compared to larger, more
hydrophobic groups. These considerations led us to pre-
pare the new silanol. triisopropylsilanol (TIPSOH. 2),
and investigate its use as a new phase transfer catalyst for
dehydrohalogenation reactions.

RESULTS AND DISCUSSION

To initiate this study. we took advantage of the known
reluctance of highly hindered silanols to form disilox-
anes,s developing a simple, efficient procedure for the
preparation of TIPSOH ) from the ammoniacal hy-
drolysis of TIPSCI (eq 1 This stable silanol was con-
verted to the corresponding alkali metal silanoates (3)
directly from the alkali metals." These silanoates proved
to he pentane-soluble and very hygroscopic. For analyti-
cal purposes, they were silylated with chlorotrimethylsi-
lane (TMSCI) to produce TMSOTIPS cleanly in each case
with this ether being isolated in 92(.4 yield from the po-
tassium salt reaction.'

iCI NH3(q)

TIry

99%

EQUATION 1

1-0H (1)
pentane

M LI (87%)

2 - Ne (97%) 3
- K (96%)

The reactions of primary and secondary alkyl halides
with metal alkoxides has been extensively studied.' These
bases effect the dehydrohalogenation of secondary halides
through an E2 process giving a mixture of alkene prod-
ucts under stoichiometric conditions. Hindered reagents
such as KO(i-Bu) in DMSO give the best results,'' " being
superior to the less bulky, but less expensive. KOH. How-
ever, none of these systems can he used to dehydrohalo-
genate primary alkyl halides without substitution (S,2)
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being a significant competing process. Because we had
observed that the bulky TIPS group has the property of
impeding reactions at proximate centers,' we felt that the
substitution process would be disfavored and even
avoided using the highly hindered base. KOTIPS, thereby
allowing it to function exclusively as a base with even
these substrates. While 3 would he expensive for stoichi-
°metric applications, its potential value in this regard
could he significantly enhanced if it could be generated
efficiently in a catalytic cycle employing the inexpensive
base. KOH.

The relative acidity of 2 was compared to t-BuOH by
the IR method previously developed for related silanols.'"
Through hydrogen bonding to the base diethyl ether, si-
lanols exhibit IR hands which are shifted nearly twice that
of the corresponding carbinols, indicative of their greater
acidity. This phenomenon was examined with t-BuOH
which gave an Au = 115 cm-' compared to Au. = 210 cm-

for 2, consistent with the greater acidity of the latter.
The fact that KOTIPS (3), unlike KOH, is highly soluble
in non-polar solvents also suggested that if it is efficiently
formed from the deprotonation of 2 with solid KOH, that
this base could reach the alkyl halide in solvent systems
where KOH itself is insoluble. Thus, the TIPSOH-KO-
TIPS system held promise for providing a method for
using the inexpensive base, KOH to generate a highly
hindered organic-soluble base which is too hindered to
undergo competitive substitution even with primary alkyl
halides.

4

X

6

110

X
10% TIPSOH

KOH (2 equiv)
DMP

10% TIPSOH

KOH (2 equ' ,
DMF

Scheme 1

4a

5

5

7

Employing either DMS0 or DMF as solvent, we first
established that 2-bromooctane (6a) underwent no reac-
tion with solid KOH at room temperature in 2 d. The
catalytic role played by 2 was clearly demonstrated when.
under the same conditions in either solvent, adding 10%
TIPSOH to these mixtures results in complete reaction in
5 h producing I -octene (4 l% ) and 2-octene (51%, c/t =
1:6) (Scheme 1, Table 1). However, for 1-bromooctane
(4a) the choice of the solvent system is critical (eq 2). For
example, the dehydrohalogenation of 4a in DMSO (E =
46.6)" produces only the octyl silyl ether (8. 10(4 ) with
90(.;'( of 4a remaining unreacted. However, with 4a (0.66
M) in DMF (E = 36.7)" a significant improvement in the
process was observed, the yield of 5a being 87% accom-
panied by l0% of 8. This suggested that the formation of
water (E = 78.3)" from the KOH could play an impor-
tant role in the outcome of the reaction by raising the
dielectric constant of the medium, a change which could
favor substitution over elimination. We decided to carry
out the reaction with a lower concentration of 4a (0.3 M),
a change which increased the yield of 5a to 97% ( Table
1) and essentially eliminated this deleterious side-reac-
tion. This remarkable result is unprecedented with for 4a
or related derivatives employing any procedure which
uses hydroxide or alkoxide bases. Similarly, both 1- and
2-bromoethylbenzene are quantitatively converted to sty-
rene under these conditions (Table I).

Table 1 The TIPSOH-catalyzed
dehydrohalogenation of bromoalkanes in
DMF with KOH at 25°Ca

Yield []
Bromoalkane R 1-alkene 2-alkene 1-alcohol

4a n-CH,, 97 0 0
4b Ph 100 0 0
6a n-C,1-1,, 41 51" 0

6b Ph 100 0 0

'The concentration of the haloalkane was ca. 0.3 M. "In this case,
corroboration of the cislrans product ratio of 1:6 was accomplished by
the photoisomerization (450 W Hg) of the mixture in C(,Db to obtain
definitive spectroscopic data for both isomers.

EQUATION 2

10% TIPSOH

KOH (2 cquiv)

DMF

11 0

5a

8

OTIPS

(;)
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9

103.2

`Br137.2
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10% TIPSOH

KOH (2 equiv)

DMA

Br

,,xj 106.7

134.2

12

Scheme 2

This methodology was also applied to the dehydrohal-
ogenation of 1,2-dihromooctane which, while slower, pro-
duces 1- octyne (10, ) efficiently in 12 h at 25 °C em-
ploying 2(Y) TIPSOH as the catalyst (Scheme 2). The
process clearly involves the step-wise elimination and all
of the possible isomeric vinyl bromides intermediates (11-
13) were observed spectroscopically (GCMS, "C NMR)
as the reaction proceeds. Moreover, this methodology was
examined as a new alternative for the disposal of mustard
gas (14) by demonstrating that a related analog undergoes
clean elimination to provide ethyl vinyl sulfide (16) quan-
titatively (Scheme 3). I"

14

5 N"*".\".0% TIPSOH
Cl 0

KOH (2 cquiv)

DMF
15

14.0 111.0

25.0 132.7

16a

Scheme 3

16

CONCLUSION

The use of TIPSOH as a phase transfer catalyst in the
dehydrohalogenation of haloalkanes circumvents the dif-
ficulties previously encountered with alkoxide bases,
namely competitive substitution. This is particularly dra-
matic for 1-haloalkanes which exhibit no substitution, a
result not equaled even with highly hindered bases (e.g.

10

115.5

134.1

Br

13

KO(t-13u) under stoichiometric conditions. This new
methodology also avoids the need for excess base (900(.' )

and the large amounts of solvent, and uses the inexpen-
sive base, KOH, to generate the highly hindered KOTI PS
From TIPSOH which functions as a new PTC in an effec-
tive catalytic cycle.
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APPLICATION OF INTERVAL MODELING TECHNIQUES TO ROBUST
CONTROL OF A SLEWING BEAM WITH LOADS

Abstract: This project Presents an approach for mod-
eling a stewing beam with parametric variations via an
interval model of the transfer function. Here the interval
model is a model set whose transfer function parameters
are bounded. The algorithm attempts to obtain the
models of the stewing beam with various loads by using
the finite element algorithm which generates a system
model based on the stiffness and mass matrices by follow-
ing the physical laws. Then. the interval modeling tech-
niques are applied to oh aim an interval system of the
transfer function. In this prcject. the interval polynomial
techniques recently developed in the robust control com-
munity are used to analyze the interval model. Both the
open-loop and closed-loop systems of the stewing beam
with added loads are used to demonstrate and verify the
developed modeling technique.

INTRODUCTION

Modeling a dynamic system with parameter changes is
an important and challenging problem in the fields of
structural dynamics, system identification. and robust
control. For the space structure operated in the space
environment, there is the possibility of added loads to the
structure. 'lb maintain structural control, it is necessary
to consider this type of system change.

In this paper. we address the problem of modeling a
flexible beam with added loads. Using a set of differential
equations to model a system with parameter changes pro-
vides the physical representation. Since cacti differential
equation can be expressed as a transfer function, this
system can he modeled as a set of transfer functions. The
interval model of the transfer function is used to model
the flexible beam with various loads. In the last few years,
the interval modeling techniques developed in 11,21 have
been used to model dynamic systems with parameter
changes and dynamic systems with model uncertainty.

The first step of the proposed algorithm is to obtain the
models of the stewing beam with various loads by using
finite element analysisI31, which generates a system dy-
namic model based on the stiffness and mass matrices by

following physical laws. Then a model reduction tech
nique[ -3[ is applied to obtain a reduced order model with
low frequency modes of interest. After we obtain the
models for various cases, we apply a singular value de-
composition technique[ 11 to obtain an interval model of
the transfer function. Both the open-loop and closed-loop
stewing beam systems are used to demonstrate and verify
the developed approach. For the closed-loop system. a
PD151 feedback controller is designed to suppress the vi-
bration of the stewing beam.

FINITE ELEMENT MODELING

Finite element analysis has been widely applied to gen-
erate the model of a dynamic system in the space and
automobile industries clue to the availability of digital
computers to carry out the numerical aspects of structural
dynamics problem solving. When modeling a free-pinned
Euler beam. which is the beam component of the flexible
beam system with various loads as shown in Figure 1. the
vibration of the uniform beam is governed by Euler's
beam differential cquationI6I

041, iFy
+ =

FIGURE 1

Flexible beam system with loads

Shaft

7

NAdded Load

This is a continuous model based on Newton's law. and
it represents an infinite degree of freedom (D0F) system
without analytical solution. Using finite element analysis.

) 1!3



we can generate an approximated discrete model with
finite N-DOF for the dynamic analysis of this Euler beam.
The approximated solution can he expressed as

N

y(.v,t) = >1, if ,(x)u,(t) (2)

where each 'l',(x) describes the deflected shape corre-
sponding to the vibration up). The kinetic energy and
potential energy of the beam can he written as[3J

T = niu,u, (3)

V = 2, 2, kAu, (4)
2 , ,

where and k are the elements of the stiffness and
mass matrices, respectively. For the Euler-Bernoulli
beam, the stiffness and mass matrices of the ith element
are

El

pAL

12

6L

6L

156
22L
54
13L

6L 12 6L-
4L2 6L 2L2
6L 12 6L
21,1 6L 4/.; -

22L 54 13L
4L2 13L
131. 156 221.

3L= 22L 4L2

(5)

(6)
-F)t)

where E is Young's modulus, I is the second moment of
inertia, L is the length of the nil element, p is the mass
density, and A is the cross-sectional area. These matrices
correspond to the coordinate of the ith element as shown
in Figure 2.

N, =- [y, y,. , 0,, ,11 (7)

FIGURE 2

Deflection of the ith element

y

node i

J
node i+1

The generalized coordinate vector of the beam with n
nodes is

0, Y2 02 Y 0 (8)
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The stiffness matrix K (mass matrix ill) of the beam is
the summation of the stiffness(mass) contributed from
each element. After generating the mass matrix of the
beam, the moment of inertia of the shaft component,
where the beam is clamped, is added to the mass element
in, which corresponds to the angular displacement 0, at
the first node. Since the beam is clamped at the huh, the
first row and column of 111 and K, which correspond to
the coordinate y,, are eliminated to generate the mass
matrix M and the stiffness matrix K. Using Lagrange's
equation[3], we can obtain the dynamic equation

Mi/ + Kg = (9)

where B is the input matrix. This differential equation
can be transferred as a state space model

= Ax + 13.1' (10)

(q), )
(11)

i1/ ( 'K 021 f1/11B,/

where 0, and 1,,, arc 2n x 2n zero and identity matrices.
The displacement output measurement can he written as

v = (12)

The transfer function corresponding to the input-output
of this state space model is

v(s)
g(s) = = C(s1 A)' B

.I()
After we obtain the state space model of the high order
finite clement model, a model reduction technique[41 is
used to obtain a reduced order model with the modes of
interest. In this paper, we consider 21 cases with various
added loads, in (0.01i)W (i = 0,1,2, 20), at the
tip of the beam. Here W,, is the weight of the beam. In
the finite element modeling, these added loads are added
to the mass element corresponding to the coordinate v,,.
The results of using finite element analysis to model the
flexible beam with various loads will he discussed later.

(13)

INTERVAL MODELING TECHNIQUE

The interval modeling algorithms have recently been
developed for modeling the model uncertainty and the
parameter changes of a dynamic system. the model struc-
ture chosen in this paper is a linear interval system of the
transfer function.

G(s,P) = {g()Lc(s)

n (r) + >,ot,n,(s)
, a, E a,' J1 (14)

d (s) + a,d,(s)

where n(s) and (ids) are the numerator and denominator
of the nominal model. The hounded variables of, represent

12,3



the parameter uncertainty part in the directions of the
polynomials n,(v) and d,(s).

The transfer functions of the previous reduced finite
element models of the k cases with different loads are
expressed as

tes"' + n', ,s" I+ + n,,
i 1,1 k ( )g,(s) =

s"' + ,s"' + +

with the parameter vectors

p, = n: , n: d; ,I1 i = 1.1 k (16)

A judicious choice for the nominal model is the average
of all the models. The parameter vector corresponding to
the nominal model is

A

pal = p, (17)

The uncertainty part of the interval model is contributed
from he difference between the nominal model p and
the finite element models p,. The model difference be-
tween p, and p is

= P,-P (18)

Then we use the model difference vectors to generate a
parameter uncertainty matrix

AP = 1,Ap , Ap, Ap,1 (19)

The algorithm in Appendix171 is used to process the ma-
trix AP to obtain the polynomials n,(s), (Us) and the pa-
rameter hounds a , a .

NUMERICAL RESULTS

An aluminum slowing beam clamped to a shaft with
parameters listed in Table 1 is the test article considered
in this project.

Table 1 Parameters of Slewing Beam System

Young's Modulus
Mass Density
Length
Width
Thickness
Weight of beam
Shaft moment of inertia

h,

Wti
Is

7x 10'° N;m2
2710 kg/m3
3.926m
0.038 m
0.00159 m
0.152 kg
3.53 x 10 6kgrri

In the finite element modeling, the node number n is
chosen to he 16. The finite element models with 16 nodes
has 31 modes. Five of these 31 modes arc within the 10(1
HZ frequency range. Table 2 shows the natural frequen-
cies of these five modes for the beam without added loads.

Table 2 Natural Frequencies of Slewing Beam
System

Mode Natural Frequency (HZ)

1 Rigid body 0
2 1st Bending 6.684
3 2nd Bending 21.951
4 3rd Bending 46.828
5 4th Bending 82.491

In this project. we consider the model of the first three
modes, the rigid body mode and the first two bending
modes, with oae input and one displacement output both
of which are located at the tip of the beam and are in the
y direction. The model of the first three modes is obtained
by using the model reduction technique in 141. The trans-
fer function of the single-input, single-output three mode
model for the flexible beam system without added loads
is

7.216 x 10's' +9.560 x /Oss' + 6.624 x HP

s"+ 2.079 x 10's' + 3.355 x 107s2
(21)

The nominal model, which is the average of the models
of the 21 cases, of the interval model is

3.949 x Ws' + 5.102 x /Ws' + 3.510 x JO'
s"+ 1.710 x /Ws' + 2.196 x

(21)

In Table 3. which shows the results of the uncertainty
part of the interval model, the interval length. a ,

indicates the parameter uncertainty distributed in the di-
rections of n, and d,. The parameter change is dominated
in the direction of the first singular vector. The parameter
uncertainty distributed in the direction of the first singular
vector is about 107 times larger than that of the fifth sin-
gular vector.

Table 3 Results of Interval Model

n, n, n3 n, n
s' 6.465e00 1.069e01 6.657e00 2.931e00 5.766e-2
s? 8.648e04 -4.357e04 5.551e04 1.578r05 6.065e03

6.007e07 6.727e07 2.287e07 6.224e07 7.412e07

d, d2 d, d,

s4 7.222e02 4.336e02 1.318e03 1.738e02 3.612e02
s2 2.245e06 1.415e06 5.092e05 1.287e06 4.030e06
(x 5.133e00 2.043e-2 1.822e-3 1.634e-5 8.754e-7

C 2.502e00 4.658e-2 1.556e-3 1.100e -5 1.E,45e-7

To verify the identified interval model by usinEg the
closed-loop system, we first design an optimal PD feed-
back controller to suppress the vibrations of the first three
modes. Figure 3 shows the block diagram of this feedback
system. The control design is based on the flexible beam
without added loads. This design is basically to increase
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the damping of each mode to satisfy the performance of
vibration suppression and to maintain the control force
as small as possible. The transfer function of this designed
PD controller is

K(s) = 0.1910s + 0.1402 (22)

FIGURE 3

Block diagram of the feedback control loop

input

g(s)

K(s)

output

Figure 4 shows the transfer function magnitude plots of
the open-loop(solid line) and closed-loop(dashed line)
systems for the beam without added loads. The vibration
of each mode is significantly suppressed. From the open-
loop interval model, we can generate the closed-loop in-
terval system as

G(s,p)
T(s)

1 + G(s,p)K(s)

tt(s)+,1 cy,tt,(s)
o (23)

d(s)+ K(s)n(s)+ cy,1K(s)11,(s)+ (1,(s)1

Then we apply the edge theorem181, which is developed
to compute the boundaries of the roots of the linear in-
terval polynomials, to obtain the boundaries of the poles
of this closed-loop interval system. The transfer function

107

104

t
10.2

of the closed-loop systems of the previous 21 cases with
various loads are

t,() = t;,(s)
i= 1,2 ..... 21. (24)

1 + g,(s)k(s)

In Figure 5. represents the boundaries of the poles of
the closed-loop interval system and represents the
poles of the 21 closed-loop cases. The root clusters pre-
cisely represent and cover the poles of the closed-loop
systems with various loads. This verities that the identified
interval model precisely represents the cases with various
loads. Also the performance of vibration suppression for
the cases with various loads can he predicted by using the
root clusters of the closed-loop interval system.

CONCLUDING REMARKS

This paper presents an algori al to model the flexible
beam system with various loads. The finite element anal-
ysis is used to generate the models for the system with
various loads. The model reduction technique is applied
to obtain the reduced order model with the modes of
interest. Then the interval modeling technique is used to
generate an interval model. The numerical results of the
interval model show that the range of the uncertainty
parameter of the interval model indicates the uncertainty
distributed in the direction of the corresponding polyno-
mials. Also the results of the closed-loop system verify
that the identified interval model precisely represents and
covers the original cases with various loads. In the future.
we will implement experiments and compare the experi-
mental results with the results in this paper.
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Transfer functions of open-loop and closed-loop
systems without added loads
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FIGURE 5

Root clusters of closed-loop interval system (a) Rigid body mode
'(b) 1st bending mode (c) 2nd bending mode
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1. Compute the weighted uncertainty matrix AP"

AP" = W 'AP
where 14/ = . . . . ,] and tr, is the stan-
dard deviation of the jth element of

2. Use WI) to factorize AP"

AP" = USW

where U is the bass matrix of AP".
3. Compute the basis matrix for AP

1.11. = WU. Ur = [U, U2,,

4. Compute the coordinate vector of Ap, corresponding
to the basis matrix U,,

Aa, =

5. Compute the polynomials n,(s) and d,(s)

n,( ) = >24 U,(j)s' 1, d,( s) = U,(j)s' "'

(1. Compute the parameter hounds

= max{Aa,(i) AQ2(i) Acx,(i)}

= min{Aoc,(i) Acx,(i) Au,(i)}

where Ant,(i) is the jilt element of Au,.
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Creating an Object-Oriented Test Repository

Abstract: The Object-Oriented (0-0) paradigm pro-
vides a rich set of tools for software development. This
paradigm has influenced the development of databases.
languages, graphical user interfaces. along with analysis
and design methodologies. A significant portion of soft-
ware development focuses on existing systems or legacy
systems. This paper is a case study on enhancing an ex-
isting test repository by using existing 0-0 technology.
The High Energy Laser Site and Test Facility (HELSTF)
test repository has a hierarchical database with pointers
to data files stored on tape or disk. 0-0 databases sup-
port file storage directly in the database. These databases
can also store other complex data such as video or test
reports. This paper is a case study on utilizing 0-0 meth-
odologies and tools to create a prototype repository. An
Introduction Section provides a critique of the current
HELSTF repository. The Background Section documents
the synthesis of sometimes competing methodologies and
identifies tools necessary tOr efficiently imp ementing this
prototype. The Case Study Section highlights preliminary
analysis and design issues. A summary of the results of
this study is found in the Conclusion section.

INTRODUCTION

This section describes the HELSTF lest Repository as
it exists to date (see Figure 1). HELSTF is a laser test
facility where performance data are collected on various
lasers through an ongoing series of tests. The HELSTF
Test Repository consists of the complete set of data files
associated with every test conducted at HELSTF along
with the database tracking these files. A hierarchical da-
tabase tracks the data files located on either disk or mag-
netic tape. This database tracks the set of data files as-
sociated with each test. The database also contain ;ome
background information on test, camera, and images. Ad-
ditional background data is found in documents that are
inaccessible from the computer system. Signal (sensor
output) and image (camera output) data are the two
forms of data taken at HELSTF. This paper addresses
only camera data with primary focus on the infrared video
sequences called images.
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Computer Operators run programs to digitize and de-
commutate analog data into data files available for anal-
ysis. Digital image files contain the infrared video .se-
quences in a format unique to HELSTF. Decommutation
is the mapping of data from its encoded multiplexed form
into its decoded recorded form. They then use analysis
programs to generate hard copy plots for various cus-
tomers (see Figure 2). Each plot represents one frame of
camera data. Only three tests are available on-line due to
storage limitations. The remaining data from over 100
tests are off -lint in a vault unavailable for interactive anal-
ysis and review. Restoring a complete test from tape to
disk usually takes about a day.

Analysis software available for processing images at
HELSTF has two limitations: a command-line interface
and static frame processing. The primary limitation of the
command-line interface is that the user must memorize
cryptic commands to analyze and plot image data. This
learning curve usually prohibits visiting analysts from us-
ing these programs. The software supports only static
processing of individual frames in an image and does not
support dynamic interactive manipulation of frames. A
user must process each frame one by one to isolate an-
omalies. Infrared cameras record data at twenty-five
frames a second. Processing all these frames is a very
time-consuming process. With only static processing
there is a possibility of overlooking anomalies easily seen
when viewing frames dynamically. Problems with the cur-
rent approach include:

File-Based Repository
VMS Specific Data Files
Textual Database Inaccessible to Analysts
Majority of Data Archived Off-line
Analysis Restricted to Tests On-line
Redundant Decommutation and Digitization
Emphasis on Batch Processing
Limitations of Interactive Processing Environment
Raster-Based Graphics
Command-Line Interface
Static Frame Processing
Limited Background Information



FIGURE 1

HELSTF Test Repository

High Energy Laser Site and Test Facility

Analog
Tape

?Decommutaion
& Digitization
Several Times

Camera Data

Digital

Sensor Data

3 Tests On-Line

Available for Analysis

Digital &
Analog Tapes

Remaining Tests
Archived Off-Line
Unavailable for
Analysis

VAX VMS
File-Based
Processing

a

Database

Hierarchical
Inaccessible
Text Only
Test Documents

Unavailable
From Computer

Processing

Static Image
Browsing

Raster Graphics
Command Line
Batch - Oriented

FIGURE 2

Sample Plot

ML121-1/ABL-2 FULL SCALE B
1994:300:21:50:50.323

MIN 0.1 MAX 100.1 AVG PEAK 36.00 68.00
TRUE MIN -5.2 TRUE MAX 1438.0 FRAME 10

O

.rrn

V' Z.

o

9

I 1 9



BACKGROUND

The Object - Oriented Programming (OOP) Paradigm
models the world into objects. This model is easier to
understand because the semantic gap between reality and
the model is small (see Figure 3 [6]). Program modifica-
ons are simpler because modifications often focus on a

single item or object. Rumbaugh identifies the four as-
pects characteristic of the object-oriented approach [14

Identity means data are quantitized into discrete,
distinguishable entities called objects.
Classification means that objects with the same
datastructure (attributes) and behavior (opera-
tions) arc grouped into a class.
Polymorphism means that objects of different
classes behave differently under the same opera-
tion.
Inheritance is the sharing of attributes and behav-
iors among classes based on a hierarchical relation-
ship.

A definition of OOP can now he presented. OOP is a
method of implementation in which programs arc orga-
nized as cooperative collections of objects, each of which
represents an instance of some class, and whose classes
are all members of a hierarchy of classes united via in-
heritance relationships 111. There may he multiple hier-
archies of cooperating classes.

A goal of this project was to identify mature technology
that would be useful in creating an alternate repository.
The 0-0 Paradigm continues to influence the develop-
ment of GUIs (Graphical User Interfaces), programming
languages. databases, and software development metho-
dologies. GUI. language, database. and methodology
considerations are found in following paragraphs. An

Semantic Gap

Reality

Semantic
gap

FIGURE 3
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0-0 tool must provide explicit support for the 0-0 par -
adigm: objects, classes, hierarchy, and polymorphism.
Prototypes for this system were created on Sun worksta-
tions. Sun's OpenWindow Environment was chosen be-
cause of the level of support it provides for the paradigm.
Figure 4 [5] shows the class hierarchy of the OpenWindow
XView toolkit. The Open Window GUIDE tool [4] was
also used to support Rapid Prototype Development 191.

An Object-Oriented Programming Language (OOPL)
is a requirement for OOP. Table 1 111 shows the support
C+ + provides for the object model. C+ + has the fol-
lowing advantages that have made it the most popular
OOPL: extension of C for retention of C expertise: com-
mercial support from multiple sources; multiplatform

TABLE 1 C+ + SUPPORT FOR OBJECT MODEL

Abstraction Instance variables
Instance methods
Class variables

Class methods Yes

Yes
Yes

Yes

Encapsulation Of variables Public, protected, private
Of methods Public, protected, private

Modularity Kinds of nodules File (header:body)

Hierarchy Inheritance Multiple
Generic units No

Metaclasses No

Typing Strongly typed Yes

Polymorphism Yes

Concurrency Multitasking Yes (defined by class)

Persistence Persistent objects No

12J



support; nonproprietary; free from Frecware Foundation;
supports early error detection; and of foremost impor-
tance is its run-time efficiency. C+ + was chosen for this
project for these reasons.

Object Store was selected because it is an Object-Ori-
ented Database Programming Language ( OODPL). An
OODPL extends an OOPL by adding persistence 121. The
database adds persistence to C+ +. An OODPL directly
addresses the impedance mismatch problem program-
mers face when using popular Relational Databases Man-
agement System (RDBMS). A programmer must store
all data as tables when using an RDBMS. Unfortunately
most complex data are not in table form. The impedance
problem refers to the problem of transforming complex
objects into these table-oriented structures. Object Store
stores any C+ + object (complex or simple) directly in
the database without any restructuring of the data. This
provides an alternative to the popular persistent storage
options, namely: an RDBMS or files (see Figure 5 1121).

ObjectStore also provides: client/server operations over
a network, concurrency control for shared data, relation-
ship facilities for modeling data, collection management

FIGURE 5

ObjectStore Migration and Utilization
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facilities, query support, security, and administrative
tools 1101. The developers achieve performance goals by
targeting applications that are data-intensive and perform
manipulation of complex objects [71. These applications
exhibit the following characteristics: temporal locality,
spatial locality, and fine interleaving. ObjectStore's pat-
ented Virtual Memory Mapping Architecture (VMMA)
can dereference pointers for both persistent and transient
objects at equivalent rates 111-141.

A formal methodology is appropriate for initial OOP
efforts. This forces a programmer to explicitly consider
all aspects of analysis and design while formulating a per-
sonal approach. Formal Object-Oriented Analysis and
Design (GOAD) methodologies vary in both scope and
application. Monarchi and Puhr 181 suggest a formal eval-
uation scheme for these methodologies. Table 2 shows the
personalized approach utilized in this project which was

synthesized by selecting references addressing all relevant
GOAD issues. The primary reference was Booch [11 with
supplemental material from Coad 131 and Rumbaugh [161.
Coad provides guidance for placing classes and attributes
and also identifying interface classes. Rumbaugh provides
information on identifying base and utility classes.

GOAD methodologies often blur analysis and design.
Object-Oriented Analysis (OOA) focuses on the creation
of semantic objects in the problem domain. Object-Ori-
ented Design (OOD) focuses on the solution domain ob-
jects necessary for the implementation of the OOA model
(see Figure 6 [81). Booch OOD is an iterative method-

TABLE 2 PERSONAL APPROACH FOR UTILIZING
GOAD METHODOLOGIES

GOAD Issue Reference

1. OOA Process (Problem Domain Analysis)
(a) Identification of:

Semantic Classes [Issue 1] Booch
Attributes [Issue 2] Booch
Behavior [Issue 3] Booch
Relationships:

Generalization [Issue 4] Booch
Aggregation [Issue 5] Booch
Other [Issue 6] Booch

(b) Placement of:
Classes [Issue 7] Coad
Attributes [Issue 8] Coad
Behavior [Issue 9] Booch

(c) Specification of:
Dynamic [Control] Behavior [Issue 10j Booch

(i.e., message passing)

2. OOD Process (Solution Domain Design)
(a) Identification of:

Interface Classes
Application Classes
Base/utility Classes

(b) Optimization of classes

3. Representations
(a) Static [Structural] View:

Objects
Attributes
Behavior
Relationships:

Generalization
Aggregation
Other

(b) Dynamic [Control] View:
Communication
Control/Timing

(c) Constraints:
On Structure
On Dynamic [Control]
Behavior

4. Complexity Management
(a) For Structural Complexity
(b) For Behavioral Complexity
(c) Representation of:

Static Structure
Dynamic [Control] Behavior

[Issue 11] Coad
[Issue 12]
[Issue 13] Rumbaugh
[Issue 14] Booch

[Issue 15]
[Issue 16]
[Issue 17]

[Issue 18]
[Issue 19]
[Issue 20]

Booch
Booch
Bcoch

Booch
Booch
Booch

[Issue 21] Booch
[Issue 22] Booch

[Issue 23] Booch
[Issue 24] Booch

[Issue 25] Booch
[Issue 26] No Ref.

[Issue 27] Booch
[Issue 28]

Note: - No Sources Available

I C

121



ology where one first implements real world semantic ob-
jects (OOA) and then creates supporting solution objects
(OOD). Prototypes are critical for testing analysis and
design assumptions. Iterations continue until all real
world objects and supporting solution objects are com-
plete.

Booch OOD supports multiple, orthogonal views of the
world. Figure 7 III shows the Booch model that is the
basis for Booch 00D, The Booch OOD process has the
following steps:

FIGURE 6.

OOA and OOD Objects
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Identify the classes and objects at a given level of
abstraction
Identify the semantics of these classes and objects
Identify the relationships among these classes and
objects
Implement these classes and objects

Diagrams and templates describe each view of a real
world model. The logical view focuses on class and object
definitions in static and dynamic situations. Additional
templates and diagrams describe dynamic execution. The
static physical view concentrates on the placement of code
in modules. Process architecture addresses the execution
of processes in the dynamic world. Figure 8 1181 shows

FIGURE 7

The Models of OOD
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FIGURE 8
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the road map and deliverables of the Booch method
where cloud icons identify diagrams while templates and
documents are missing this symbol.

CASE STUDY

This section is a case study applying one iteration of
Booch OOD to the HELSTF Test Repository problem.
The purpose of the Requirements Analysis Phase is to
establish system requirements. In the Domain Analysis
Phase, one models the logical view of the system. In the
Design Phase. one maps the logical model to physical
structures. This case study focuses on the first iteration
of each phase.

REQUIREMENTS ANALYSIS

A System Function Statement (SFS) identifies system
requirements. Revisions to this document continue with
each iteration of the Booch process. A Pressman Soft-
ware Requirement Specification [151 provides an outline
for the SFS since Booch specifies no formal structure for
this document. Initially this document includes general
design goals for the new system as outlined in this section.
Figure 9 shows the proposed HELSTF Test Repository.
This repository takes advantage of the latest hardware
and 0-0 technology. The proposed system is a visual
database environment for browsing test data.

The proposed environment has a hit mapped window-
based interface that supports dynamic image viewing. Fig-
ures 10 and 11 show sample screens representing this in-
terface. Operations support is limited to a one time ar-
chival of all data onto on-line media. A CD-ROM
jukebox provides cost effective network based on-line
storage. An entire test would he placed on two CD-
ROMs. The application would be database-oriented con-
taining the following complex test data: graphical images,
documents, video segments, background information
from the current database, and actual data files. All data

FIGURE 10

Sample Screen 1
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FIGURE 9

Proposed HELSTF Test Repository
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FIGURE 11

Sample Screen 2
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would he exportable in industry standard file formats for
analysis with commercial analysis programs. Dynamic
playback of data with a VCR-like interface would support
rapid detections of certain anomalies less discernible
when viewing frames statically. The software analyst
moves on to the Analysis phase only after the customer
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accepts he proposed environment. The advantages of the
new repository are as follows:

Complex Data Repository
Industry Standard Data File Export
Textual Database Information Available to Ana-
lysts
All Data Archived On-line on CD-ROM Jukebox
Analysis for All Tests
Decommutation and Digitization Once to CD-
ROM
Emphasis on Interactive Processing
Enhance Interactive Processing Environment
Bit Map Graphics
Windows Interface
Dynamic (VCR-like) and Static Frame Processing
Comprehensive Background Information

Domain Analysis

Figure 12 [18] shows the six steps in Domain Analysis
where one models the logical view of a system. Figure 13
shows the logical (semantic) class diagram that is the re-
sult of applying steps one through four. Each cloud in this

FIGURE 12
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Date date
Result: boolean

Object: changing_gymnast

Class: Gymnast



FIGURE 13

Class Diagram for Test Data Category
diagram represents a class. A class template further spec-
ifies each class (see Tables 3 and 4). Each template con-
tains details necessary for implementing a class in any
language. The diagrams and templates define the follow-
ing contains (has a) relationships: a test has data; an
image has frames; an image has a camera; and, a signal
has a sensor. Templates also specify the attributes of each
class. Test attributes include: an id, a date, an initiation
time, a start time, etc. After defining attributes for each
class it is important to define inheritance relationships and
superclasses. If several common attributes are found in
classes it may indicate the existence of a superclass. The
data class is a super class that contains attributes common
to all data. In Step 5 one defines operations for each class.
Table 4 shows the types of operations that a class must

TABLE 3 EXCERPT FROM CLASS TEMPLATE FOR TEST CLASS (1 OF 2)

Class name:
Test

Documentation:
Definition: A test is an event in which a particular laser is fired and results are recorded in order to evaluate laser

performance.

Private

n

Visibility:

Cardinality:

Hierarchy:
Superclasses:

Uses for Implementation:
Image
Signal

Public Interface:
Fields: images

signals

test id

test _date

cmd_lase

lase start

duration

status

target

none

Relationship: -Test images <Image.,
Definition: An image is camera data recorded for a specific test.
Cardinality: A test may have many images.
Containment: By value

Relationship: -Test signals- Signal-,
Definition: A signal is the output of a sensor recorded for a particular test.
Cardinality: A test may have many signals.
Containment: By value

Attribute
Type: String

Attribute
Type: Date

Attribute
Type: Irig_Time

Attribute
Type: Ing_Time

Attribute
Type: Milliseconds

Attribute
Type: String

Attribute
Type: String

13.1 125



TABLE 4 EXCERPT FROM CLASS TEMPLATE FOR
TEST CLASS (2 OF 2)

Operations:

State machine:
Concurrency:
Persistence:

create
remove
set_test_id
set _test_date
set _cmd _ lase
set _lase_start
set duration
set_status
set _ target
test_id
test_date
cmd _lase
lase_start
duration
status
target
add _ image
add signal
remove_image
remove signal
image.
signal

No
Sequential
Persistent

Operation name: create
Member of:
Result:
Concurrency:

Operation name: remove
Member of:
Result:
Concurrency:

Operation name: set _test_id
Member of:
Formal Parameters:
Result
Concurrency:

Operation name:

Operation name:

Formal Parameters:

Member of:
Formal Parameters:
Result
Concurrency:

set_cmd_ lase
Member of:
Ing_Time cmd _lase
Result:
Concurrency:
Concurrency:

Test
boolean
Sequential

Test
boolean
Sequential

Test
String Test_id
boolean
Sequential

set_test_date
Test

Date test _date
boolean
Sequential

Test

boolean
Sequential
Sequential

provide: creation, removal, attribute definition and access
are common to every class. Class diagrams arc important
in defining static data while processes define dynamic ma-
nipulation of objects.

An object-scenario diagram is a representation of how
objects interact in an application. Figure 14 shows how an
analyst would interact with this repository: a test would
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FIGURE 14

Object-Scenario Diagram

Object-Scenario for Accessing Images

be opened; an image would be selected; frames would he
viewed from this image; and finally backgi ound data like
the camera class could also he viewed. This diagram is
useful in assessing completeness and validating the de-
sign. Up to this point the design is architecture indepen-
dent. Mapping of logical classes to specific- architectures
occurs in the design phase.

Design

Figure 15 [181 shows the steps and deliverables of the
design phase. The final product of this phase will typically
be a prototype. Table 5 shows the Prototype Plan for the
first iteration. The initial goal is a prototype displaying
how this proposed test repository will operate. The pro-
totype will use dummy data from the ObjectStore data-
base until the customer approves the interface. An Ar-
chitectural Description document describes the computer,
operating system, language, database, GUI, and any
other architectural information. In the second step the
focus is on establishing base/utility objects, application
objects, and interface objects. Class diagrams and tem-
plates document the classes. The third step involves the
actual implementation of all classes in some programming
language. The final step is the refining of the design in
response to user feedback.

Figure 16 shows the prototype interface for the pro-
posed test repository. Several windows correspond di-
rectly to classes shown in Figure 13. The Test window
shown in Figure 17 provides access to test objects. Once
an image is selected then an Image Control Window pro-
vides VCR-like access to the frames in the image (sec
Figure 18). Manipulation routines for image viewing are
exported from Xrastool, a program for manipulating ras-



FIGURE 15

The Map of Booch Method Design
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TABLE 5 PROTOTYPE 1: BROWSING INTERFACE

Goal:

Provide an interface illustrating how a database can be used to
browse key abstraction elements defined in domain analysis.

Classes to be implemented:
None, the prototype will illustrate how test objects can be
browsed.

Prev6-_:sly implemented classes to use:
None, the C data structures used for handling graphic objects in
Xrastool (A Browsing Tool) will serve as the basis for design of
Domain Analysis classes. In latter iterations, the transient C,
C + + types and classes will be stored as persistent objects
within the Object Store Database.

Key mechanisms to be implemented:
Window-Based Interactive Interface
No Operations Support Requirements for Accessing Data
On-line Storage
Illustrate Complex Objects Which Can Reside in OODBMS
Prcvide Access to Background Information
Illustrate an Export Option
Provide Dynamic Image Browsing

Inputs:

Dummy Test Data.
Dummy Image Data.
Dummy Camera Data.
Dummy Test & Image Background Data.

Outputs:
Browsing Window for Test and Background Data.
Browsing Window for Images with Stub for Export Option.
Browsing Window for Image Background Data.
Browsing Window for Camera Data.

ter images. Figure 19 shows this program interface. A set
of background information viewing windows is shown in
Figure 20. Various other utility windows are shown in
Figure 16. They provide a list of tests, a list of images,
error information and other utility functions.

CONCLUSIONS

An improved HELSTF Repository can he developed
by using existing methodologies and tools based on the
Object-Oriented Paradigm. The Object-Oriented Para-
digm facilitates development by collapsing the semantic
gap between "Real World" objects and modeled objects.
Object-Oriented Analysis and Design Methodologies like
Hooch OOD provide a formal approach for efficiently
generating object- oriented software. Object-oriented pro-
gramming tools include: languages, databases, Graphical
User Interfaces and generators, and CASE software. Ob-
ject-Oriented Programming is not a silver-bullet and it
does not create true software components but it is a viable
technique for developing software. The ongoing influence
of the paradigm seems secure with the commercial suc-
cess of C +. Component software may not he fully re-
alized until comprehensive network models like COM
(Microsoft), SOM (IBM). DOE (Sun) or CORBA (0b-
ject Management Group) arc universally adopted [171.
ObjectStore addresses many issues currently considered
by these models and as a result the product is relatively
expensive.
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FIGURE 16

Prototype Screens
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FIGURE 18

Image Control Window
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Xrastool Application

Canvas

.

xrastool version 1.0
Copyright (C) 1993 Derek C. Richardson
This software may be freely distributed

under the terms of the GNU General Public License

Comments welcome!
snail mail:

Institute of Astronomy
Cambridge, U.K CB3 OHA

email: da@mail.ast.cam,acult
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FIGURE 20
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Noise Reduction Methods for Speech Enhancement

Abstract: Most listeners have difficulty understanding
speech in the presence of noise. Hearing-impaired lis-
teners, in particular. face special difficulties that are often
exacerbated by interfering noise. Attempts to suppress
interfering noise have achieved only marginal success,
limited by the unpredictability of the noise and the ca-
pabilities of current technology.

This paper reviews the application of digital signal
processing techniques to the speech enhancement prob-
lem. Several speech enhancement methods are discussed.
Differences between single-microphone and multiple-
microphone methods are examined, with emphasis placed
on internal signal representation, real-time implementa-
tion, and application issues. Finally, preliminary results
are presented for a new parametric single-microphone
approach.

INTRODUCTION

Most listeners (particularly those with hearing impair-
ments) have difficulty understanding speech in the pres-
ence of noise. Much of this difficulty may he attributed
to masking of consonants, which often resemble short-
duration bursts of random noise. Numerous signal pro-
cessing algorithms have been proposed to address this
problem. Several of these algorithms have difficulty dis-
tinguishing between noise and consonants, and conse-
quently remove both. Furthermore, inaccurate estimates
of the noise (which is often assumed to he stationary) can
cause some algorithms to create audible artifacts which
further mask consonants. The objective of the present
study is to develop a new approach capable of accurately
distinguishing between speech and noise in portable com-
munication systems.

This paper will review the application of signal pro-
cessing algorithms to the noise reduction issue. Speech
enhancement algorithms using both single and multiple-
microphone configurations will be reviewed. The capa-
bilities of these methods to improve intelligibility will be
discussed, with areas of improvement suggested. Finally,
a novel parametric single-microphone approach is pro-
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posed, which reduces noise by compressing noisy speech
onto a series of wavelet bases.

BACKGROUND

A. Differences between single-microphone and
multi-microphone approaches

The differences between single-microphone and multi-
ple-microphone approaches have been motivated primar-
ily by intended applications. Multiple-microphone ap-
proaches use the correlation between noise signals from
spatially separated inputs to enhance noisy s: :ech. !n
applications affor!:og use of spatially separate inputs
(e.g., noisy cockpits, automobiles, and some industrial
environments), this approach has been shown to improve
intelligibility Ill 121 In Single-microphone approaches,
which rely on statistical models of speech and noise, are
more appropriate for compact portable systems (e.g., mo-
bile telephones, digital hearing aids) and other applica-
tions for which this spatial information is not available.
Several single-microphone techniques showing promise
for real-time application are reviewed in the sequel.

B. Single-microphone noise reduction methods

1. Spectral subtraction
The term "spectral subtraction" is used to describe a

number of related techniques ([4j. [51, 161) which estimate
the spectrum of clean speech by subtracting estimates of
the noise spectrum from the spectrum of the noisy speech
(see Figure 1). The noise spectrum, which is assumed to
be stationary, is estimated from measurements taken dur-
ing non-speech intervals. Noise spectrum estimation er-
rors are manifested in the output spectrum as randomly
spaced magnitude peaks of short duration. These peaks
produce a sound often referred to as "musical noise."
which degrades the intelligibility and quality of the output
speech.

The INTEL method of spectral subtraction 1,-11 has
been used successfully in industrial environments to re-
duce worker fatigue from noise exposure. Another

14



Speech + noise

FIGURE 1

Block diagram of Spectral Subtraction
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method reported by Boll [6] was shown to increase intel-
ligibility of LPC-coded speech in noisy helicopter cock-
pits. None of the methods have been shown to increase
the intelligibility of uncoded noisy speech for human lis-
teners.
2. Wiener filtering

A second approach uses the optimum noise-reduction
filter developed by Wiener for stationary random signals
corrupted by uncorrelated additive noise [7]. The filter is
described by the transfer function

S(e"`) + S(e1")
where S (e "') and S(e'") are the respective discrete-time
power spectral densities of the speech and noise signals.
Precise implementation of the Wiener filter (which is non-
causal ) requires a priori knowledge of signal and noise
parameters. In most practical situations, where these pa-
rameters are not precisely known, estimates derived from
simple models (like those of spectral subtraction) are used
in their place. Alternately, a sub-optimal time-varying ap-
proximation may he implemented with short-time spectra.
3. Bayesian parameter estimation

More recently developed single-microphone noise re-
duction approaches have employed two Bayesian param-
eter estimation methods: maximum a posteriori (MAP)
estimation, which maximizes the conditional probability
density of the clean speech. and minimum mean-squared
error (MMSE) estimation, which provides the expected
value of clean speech for the given noisy speech 171.

Lim and Uppenheim [81 used MAP estimation to con-
struct all-pole estimates of noisy speech, which were used
iteratively to obtain time-varying Wiener filters. Ephraim
[9] later developed a similar system which used hidden
Markov models (HMMs) to derive the Wiener filters.
Both methods force usage of a single sub-optimal esti-
mator: a drawback circumvented by various forms of
MMSE estimation used by other researchers. These es-
timates of clean speech parameters (S) were taken as
weighted sums of expected parameters, conditioned on
the noisy speech v and each of M hypotheses H, as:

Estimate of
clean speech

Eiski =

The estimation approaches differ primarily in their em-
phases on time ([10]) or frequency (M1111,1121) domain
parameters. The MMSE approach was also used by
Quatieri and McAulay to estimate clean speech with a
sinusoidal model [13].

C. Multiple-microphone approaches

Many of the techniques reported for reducing environ-
mental noise have employed adaptive noise-canceling
(ANC) systems [14]. The ANC system (sec Figure 2)
receives two input signals: a primary signal (x[m]), con-
sisting of speech in additive noise, and a reference signal
(n[In]), consisting only of a second noise signal corre-
lated to the noise of the primary channel.

The reference signal is passed through an adaptive FIR
filter (see Figure 3) which estimates the primary channel
noise component and subtracts it from the primary signal
to produce an estimate of the original speech. This speech
estimate is fed back to the adaptive filter, which adjusts
its weights to provide a minimum mean-squared-error
estimate of the noise.

FIGURE 2

Block diagram of ANC system

14,2
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FIGURE 3

Block diagram of Adaptive FIR Filter
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The task of reducing the error in the speech estimate
may he alternately viewed as the task of selecting a weight
vector minimizing the quadratic cost function

J(W ,) = W ,1112,W 2Pm Eltzitnn,

where R, = El N R.m.i and Pm ElnInflINR.,}. One
widely used iterative method for weight-vector selection
is the LMS algorithm [14], which performs a stochastic
gradient descent of the cost function's surface in weight
space. Successive weight vectors arc found by moving in
opposition to the gradient; i.e., setting

, = W,+
where a. the learning rate of the adaptive system, is less
than 1. Convergence is dependent on the choice of a,
which determines the size of the steps (and speed of ad-
aptation) taken in descent of the error surface. In porta-
ble systems with frequent movement, the fast adaptation
rate required can result in weight misadjustment, espe-
cially at high listening levels where s[m]NR, is large.
Practical compromises between misadjustment, adapta-
tion speed and filter length are discussed in [2].

A second practical limitation concerns the quality of
the reference signal. Widrow, et. al., [14] have shown that
the maximum attainable output signal-to-noise ratio
(SNR) is equal to the noise-to-signal ratio (NSR) at the
reference input. In compact systems with short inter-mi-
crophone distances, obtaining a reference signal consist-
ing only of noise is very difficult. One proposed solution
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[15] uses a beamforming array (see Figure 4) to improve
rejection of unwanted signals. The heamformer derives
its primary and reference signals from the respective sum
and difference of signals from two sensors, located equi-
distant from the target. Signals radiating directly from
the target to the sensors produce in-phase information in
the primary channel. Off-center signals, having differing
amplitude and phase, produce a reference signal which is
used to reduce their amplitude.

Studies conducted by Peterson 1161 and Greenberg and
Zurek [17] showed that the benefits of beamforming sys-
tems decreased as the direct-to-reverberant energy ratio
at the microphones decreased. The presence of reverber-
ation impairs heamformer performance, as reverberant
target energy received by the reference channel tends to
lower the reference NSR, and reverberant target energy
received by the primary channel tends to obscure the true
location of the target source.

D. Evaluations of Existing Noise-Reduction Algorithms

Earlier reviews of the existing literature [18] [19] [20]
report that none of the methods mentioned above arc
capable of providing consistent improvements in intelli-
gibility. In a recent study, Levitt, et. al., [21] evaluated
the capabilities of four noise reduction algorithms to im-
prove speech intelligibility in digital hearing aids. The
noise reduction algorithms, which included adaptive noise
canceling, short-time Wiener filtering (using a priori spec-
tral information), low-frequency ;:pectml subtraction, and

FIGURE 4
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sinusoidal modeling [22], were evaluated by both normal-
hearing and hearing-impaired listeners. The results of the
study indicated that:

1) Adaptive noise canceling provided significant intelli-
gibility gains which decreased in the presence of re-
verberation and subject head movement.

2) Wiener filtering increased intelligibility for half of the
hearing-impaired listeners, and reduced intelligibility
for all of the normal-hearing listeners.

3) Spectral subtraction and sinusoidal modeling re-
moved both interfering noise and crucial high-fre-
quency cues, thereby improving SNR (and perceived
quality) without improving intelligibility.

The first three methods evaluated by Levitt, al. ,
attempt to preserve aspects of the speech waveform, while
removing features unique to the noise waveform. This
waveform representation of signals is used in many speech
processing algorithms.

THEORY

A. A parametric approach to noise reduction

A second approach commonly used in speech recog-
nition systems maps portions of the speech waveform into
a set of time-varying parameters. The parameters may
then he used to synthesize a modified version of the signal
(as with the sinusoidal model mentioned above) or used
as input to subsequent processors. The parametric mod-
el's capability for resynthesis lends itself well toward solv-
ing the problems met by the waveform representation, in
that:

1) No short-time stationarity assumptions are required:
processing may he modified as needed on a frame-by-
frame basis.

2) Distortion may he more easily controlled, since the
output waveforms are synthesized by the noise-reduc-
tion system.

3) Parameters derived from distorted or noisy data may
be input to intelligent signal processing algorithms for
purposes of enhancement or restoration.

B. The Minimum Description Length (MDL) criterion

A new approach proposed by Whitmal and Rutledge
[23] uses the Minimum Description Length (or MDL)
criterion recently applied by Saito [24] to reduce additive
white Gaussian noise in digitized image and geophysical
signals. The description length, defined as the length (in
bits) of a theoretical binary codeword used to describe
both a noisy signal x ER' and a model thereof, is ex-
pressed as

L(m,k) + L(0,.,Im,k)+

where 0,,, the model of the signal, is constructed with k
members of orthonormal basis m [25]. Given a library

containing M varieties of orthonormal bases (i.c., wavelet
packets and local trigonometric functions) with minimum
information cost [26], Saito's algorithm selects the basis
and coefficients providing optimum compression of the
signal and rejection of the white noise (which compresses
poorly in every basis). Assuming equal probability of ba-
sis selection, the approximate minimum description
length (AMDL) is given by k* coefficients in basis m*
such that

= min (- 3klog
N

I o 01(1 ")VVI trixr
k )

2A -

where W',,, is the transform matrix, and ) a rank-k
matrix preserving the largest k coefficients. The algorithm
was successfully demonstrated on both geophysical data
and digitized images.

When applied to speech, the MDL algorith tends to
remove consonants in the presence of noise, and imposes
mild distortion on speech (particularly consonants) in the
absence of noise. Furthermore, for the short frame
lengths appropriate to real-time processing of speech, the
additive noise tends to compress efficiently onto a few
basis elements. The retained coefficients produce audible
artifacts similar to the "musical noise" produced by spec-
tral subtraction.

C. An adaptive multi-band MDL criterion

Several modifications are proposed to allow use of the
MDL algorithm with speech signals. First, a quadrature
mirror filter (QMF) hank employing power-symmetric
FIR filters [27] is used to split the incoming signal into
two hands: a low-frequency hand dominated by vowels
and nasal consonants, and a high-frequency band domi-
nated by fricative consonants and plosive bursts. The
MDL algorithm is then separately applied to the low and
high frequency signals. The multi -hand approach allows
salient features of consonants to be reproduced faithfully,
eliminating the distortion produced by the original algo-
rithm in the absence of noise. Moreover, the filter sym-
metry causes each channel's noise component to he man-
ifested as white noise, obviating the need for
computationally intensive inverse-filtering.

Additional modifications are motivated by a relation-
ship between changes in AMDL values and changes in
the envelope of the speech waveform. Observed AMDL
values have a lower bound dependent on the minimum
amplitude of the speech signal, and provide reliable in-
dication of whether the signal is above or below the noise
floor. When the signal in the high-frequency hand is below
the noise floor, a tracking algorithm adaptively disables
the hand's MDL processing in favor of power spectrum
subtraction (using local trigonometric bases), thereby re-
ducing audible artifacts. A running average of spectra
derived from discarded coefficients in the local trigono-

'metr'ic basis is used to construct an estimate of the noise.
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IMPLEMENTATION RESULTS

A preliminary comparison of the capabilities of original
and modified MDL approaches was conducted. An utter-
ance of the sentence, "That hose can wash her feet," was
sampled at 8 kHz, digitized to 16 hits, and added to each
of three white Gaussian noise sequences to produce wave-
forms with overall SNRs of 0, 5, and 10 dB. Successive
frames of the speech signals (256 samples. 50,4 overlap)
were processed by each of three algorithms: original
MDL, multi-hand MDL, and multi-hand MDL. using
power spectrum subtraction. RMS levels of the /o/ pho-
neme in "hose" and the closure preceding /t/ in "feet"
were used to obtain relative measures of signal-to-noise
ratio for each of the three methods. (For sentences with
(1, 5, and 10 dB average SN Rs, vowel-to-silence SNRs
were 8.77, 13.78, and 18.75 dB respectively.) The ob-
served SNR increases are presented below in Table 1. At
all noise levels, the proposed algorithm substantially re-
duces the "musical noise" produced by the original MDL
algorithm. This difference is reflected in the higher SNRs
of the proposed algorithm.

TABLE 1 Signal-to-Noise Ratio Improvements
(in dB)

Original Vowel-to-Silence SNR 18.8 dB 13.8 dB 8.8 dB

Aloorith under test Improved Vowel-to-Silence SNRs

Original MDL 29.8 23.9 17.7
Multi-band MDL 31.0 23.2 17.1

Multi-band MDL w/1-1F alternate 32.6 25.7 20.2

SUMMARY

Several methods capable of reducing noise in speech
signals have been reviewed. These methods, which are
generally classified as single-microphone or multiple-mi-
crophone methods. often improve SNR without improv-
ing intelligibility. The need for improved intelligibility is
particularly strong in portable systems (e.g., mobile tele-
phone systems and digital hearing aids) where single-
microphone methods are most appropriate.

A novel method for enhancement of noisy speech has
been presented. Preliminary results indicate that the new
method may he useful in applications requiring a single-
microphone noise reduction system for speech.

ONGOING WORK

Ongoing work is focused on the development of intel-
ligent preprocessing algorithms which apply time-varying,
frequency dependent (TVFD) processing 1281 to percep-
tually significant basis elements. The capability of multi-
hand MDI. with TVFD processing to improve intelligi-
bility in normal-hearing and hearing-impaired listeners
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will then he tested. The method's ability to provide ref-
erence noise estimates for single-microphone adaptive
noise cancelling systems is also being investigated.
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APPENDIX A

THIRD NATIONAL CONFERENCE ON
DIVERSITY IN THE SCIENTIFIC AND

TECHNOLOGICAL WORKFORCE

September 29 - October 1, 1994
Omni Shoreham Hotel

Washington, D.C.

CONFERENCE PROGRAM

NATIONAL SCIENCE. FOUNDATION
DIRECTORATE FOR EDUCATION

AND HUMAN RESOURCES
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ELEANOR HOLMES NORTON

Dis-rxia of COLEMBL

CONGRESS OF THE UNITED STATES

HOUSE OF REPRESENTATIVES

WASHINGTON, D. C. 20515

September 29, 1994

GREETINGS

Greetings to all those attending the Third National Science
Foundation Conference.

As a strong advocate for opening doors of opportunity to
African Americans in every endeavor, I applaud the efforts the
National Science Foundation is making to enhance diversity in
the scientific and technological workforce now and in the
future.

The Foundation's actions in organizing workshops, seminars
and job fairs shows your commitment to addressing the under-
representation of minorities in the science, mathematics,
engineering, and other technological fields.

lam happy to be a part of this event.

Sincerely,

Eleanor Holmes Norton
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SHARON PRATT .CLL,

Mary

THE DISTRICT OF COLCMHIA

WASHINGTON, D. C. 20001

DIVERSITY IN THE SCIENTIFIC AND
TECHNOLOGICAL WORKFORCE DAY

SEPTEMBER 29, 1994

BY THE MAYOR OF THE DISTRICT OF COLUMBIA

A PROCLAMATION

WHEREAS, on Thursday, September 29, 1994, the National Science Foundation's
Directorate of Education and Human Resources is sponsoring the Third National
Conference on "Diversity in the Scientific and Technological Workforce"; and

WHEREAS, this conference will address the concerns of minorities in the scientific and
technological workforce and will unveil an action plan that will finalize a national agenda
of strategies to assure significant expansion of the limited number of African Americans,
Hispanics, and Natise Americans in a variety of roles in the science, mathematics,
engineering and technological fields; and

WHEREAS, the District of Columbia is proud of the dedication, commitment and
contributions that the National Science Foundation has made to substantially increase
minorities in the science. mathematics, engineering and technological careers:

NOW, THEREFORE I. THE MAYOR OF THE DISTRICT OF COLUMBIA, do hereby
proclaim September 29, 1994, as "DIVERSITY IN TH'E. SCIENTIFIC AND
TECHNOLOGICAL WORKFORCE DAY" in Washington, D.C., and call upon all the
residents of this great city to join me in commending the National Science Foundation for
its efforts on behalf of minorities.

SHARON PRATT KELLY
NIAYOR

DISTRICT OF COLUMBIA

ac4
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OFFICE OF THE
ASSISTANT DIRECTOR
FOR EDUCATION AND
HUMAN RESOURCES

NATIONAL SCIENC::: FOUNDATION
4201 WILSON BCAJLEVARD

ARLINGTON. VIP.GINIA 22230

September 29, 1994

I am pleased to welcome you to the National Science Foundation's
(NSF) National Conference, "Diversity in the Scientific and
Technological Workforce." This year's conference is the third in
a series of meetings dedicated in part, to the development of a
national Action Plan to increase the participation of
underrepresented minorities in Science, Mathematics, Engineering
and Technology (SMET) careers. This year we will present the final
Plan along with strategies for implementation.

As Assistant Director for Education and Human Resources at NSF, I

encourage each of you to participate fully in conference activities
including_ the presentation and discussion of the Action Plan, the
Congressional Round Table. Student Research Presentations, and NSF
Research Directorate Workshops on their educational programs. A
highlight of the conference will be the Awards Luncheon during
which we will honor student researchers and national leaders in the
field of SMET education.

Again, to those of you who are joining us for the first time, as
well as those of you who attended previous Diversity conferences,
welcome.

i..<44.,A S. blidlt4,--
Luther S. Williams
Assistant Director

Telephone (703) 306.1600 FAX (703) 306-0399
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THURSDAY, SEPTEMBER 29, 1994

3:00 p.m. - 7:30 p.m.
West Lobby Registration

5:00 p.m. 8:00 p.m.
Exhibit Hall

8:00 a.m. - 11:00 a.m.
Executive Room

6:00 p.m. 7:30 p.m.
Regency Ballroom

CONFERENCE REGISTRATION

EXHIBIT SET-UP/POSTER SET-UP

PROJECT DIRECTORS' MEETING
Alliances for Minority Participation (AMP)

OPENING SESSION

Presiding: Luther S. Williams, Assistant Director, Education and
Human Resources (EHR), National Science Foundation (NSF)

Greetings: Roosevelt Calbert, Division Director, Human Resource
Development (HRD), EHR, NSF

Speaker: Louis Stokes, United States House of Representatives

Conference Logistics: Elmima C. Johnson, National Diversity
Conference Coordinator and Staff Associate, EHR, NSF

7:30 p.m. "JUST DESSERTS" RECEPTION
Ambassador Ballroom

8:30 p.m. STUDENT ORIENTATION (Required for all student
Palladian Room presenters)

FRIDAY, SEPTEMBER 30, 1994

7:30 a.m. 6:00 p.m. CONFERENCE REGISTRATION (continued)
West Lobby Registration

9:00 a.m. 6:00 p.m. EXHIBIT HALL OPEN

8:00 a.m. 9:20 a.m.

Regency Ballroom

PRESENTATION OF NATIONAL ACTION. PLAN

Presiding: Elmima C. Johnson, Staff Associate, EHR

Speaker: Luther S. Williams, Assistant Director, EHR

9:20 a.m. 9:30 a.m. BREAK
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FRIDAY, SEPTEMBER 30, 1994continued

9:30 a.m. 11:00 a.m.
Ambassador Room
Diplomat Room
Palladian Room
Embassy Room
Empire Room
Congressional Room
Executive Room

Exhibit Hall

STUDENT RESEARCH PRESENTATIONS
Panel Session A
Panel Session B
Panel Session C
Panel Session D
Panel Session E
Panel Session F
Panel Session G

POSTER SESSION A

9:30 a.m. 11:00 a.m.
Regency Ballroom

Forum on Undergraduate Education - An Open Dialogue

Presiding: Elmima C. Johnson, Staff Associate, EHR, NSF

Moderator: Diana S. Natalicio, President, University of Texas at El Paso

Resource Persons:
Robert F. Watson, Division Director, Undergraduate Education, EHR
James M. Rosser, President, California State University at

Los Angeles
Carolyn Meyers, Associate Dean for Research & Inter-disciplinary

Programs, College of Engineering, Georgia Institute of Technology
Gary Keller, Executive Director, Project 1000 of the Hispanic

Research Center, Arizona State University

11:00 a.m. 11:15 a.m. BREAK

11:15 a.m. 12:30 p.m.

Ambassador Room
Palladian Room
Blue Room
Empire Room
Diplomat Room
Executive Room
Hampton Room

NSF DIRECTORATE PRESENTATIONS OF
EDUCATION AND HUMAN RESOURCE FOCUSED
ACTIVITIES

Session A Engineering (ENG)
Session B Mathematical & Physical Sciences (MPS)
Session C Computer & Information Science & Engineering (CISE)
Session D Biological Sciences (BIO)
Session E Geosciences (GEO)
Session F Social, Behavioral & Economic Sciences (SBE)
Session G Department of Education, Office of Elementary &

Secondary Education, Eisenhower Mathematics and Science Programs
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FRIDAY, SEPTEMBER 30, 1994continued

12:30 p.m. 2:00 p.m.
Regency Ballroom

LUNCHEON

PRESIDING: James L. Powell, President and CEO, Los Angeles
County Natural History Museum

SPEAKER: Clifton A. Poodry, Director, MORE Programs Branch,
National Institute of General Medical Sciences, National Institutes
of Health

2:00 p.m. 2:15 p.m. BREAK

2:15 p.m. 4:00 p.m.
Regency Ballroom

NATIONAL VIDEOCONFERENCE - CONGRESSIONAL
ROUND TABLE

Presiding: Roosevelt Calbert, Division Director, HRD, EHR

Moderator: Louis Stokes, United States House of Representatives

Participants:
Ben Nighthorse Campbell, United States Senate
Eva M. Clayton, United States House of Representatives
Eddie Bernice Johnson, United States House of Representatives
Constance A. Morella, United States House of Representatives
Esteban E. Torres, United States House of Representatives

4:00 p.m. 4:15 p.m. BREAK

4:15 p.m. 5:45 p.m.

Ambassador Room
Diplomat Room
Palladian Room
Embassy Room
Empire Room
Congressional Room
Executive Room

STUDENT RESEARCH PRESENTATIONS
Panel Sessions
Panel Session A
Panel Session B
Panel Session C
Panel Session D
Panel Session E
Panel Session F
Panel Session G

6:30 p.m. BIRDS-OF-A-FEATHER SESSIONS
See separate listing of sessions and room assignments.

7:00 p.m.
Blue Room

RECEPTION HONORING NATIONAL ADVISORY
COMMITTEE AND SPEAKERS
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FRIDAY, SEPTEMBER 30, 1994continued

7:30 p.m.
Capitol Room

PROJECT DIRECTORS' MEETING
Comprehensive Regional Centers for
Minorities (CRCM)/Partnerships for Minority Student
Achievement (PMSA)
(Closed Session)

SATURDAY, OCTOBER 1, 1994

8:00 a.m. 5:00 p.m.
West Lobby Registration

CONFERENCE REGISTRATION (continued)

9:00 a.m. 6:00 p.m. EXHIBIT HALL OPEN

8:30 a.m. 10:00 a.m.

Ambassador Room
Diplomat Room
Palladian Roost
Congressional Room
Empire Room
Embassy Room
Executive Room

Exhibit Hall

STUDENT RESEARCH PRESENTATIONS
Panel Sessions
Panel Session A
Panel Session B
Panel Session C
Panel Session D
Panel Session E
Panel Session F
Panel Session G

POSTER SESSION B

10:00 a.m. 10:15 a.m. BREAK

10:15 a.m. 11:45 a.m.

Ambassador Room
Diplomat Room
Palladian Room
Congressional Room
Empire Room
Embassy Room
Executive Room

STUDENT RESEARCH PRESENTATIONS
Panel Sessions
Panel Session A
Panel Session B
Panel Session C
Panel Session D
Panel Session E
Panel Session F
Panel Session G
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SATURDAY, OCTOBER 1, 1994continued

12 noon 2:00 p.m. AWARDS LUNCHEON
Regency Ballroom

Presiding: Diana Garcia-Prichard
Research Scientist, Eastman Kodak Company

Speaker: Argie K. Johnson, General Superintendent, Chicago Public

School System

Award Presentations:

Student Awards (Sponsors and Presenters)

Precollege Student Award - National Science Teachers
Association (NSTA)
Marvin Druger, President, NSTA

Undergraduate Student Award - Phi Beta Kappa
Virginia R. Ferris, Executive Committee, Phi Beta Kappa and
Professor of Entomology, Purdue University

Graduate Student Award - Council of Graduate Schools
Anne S. Pruitt, Dean In Residence, Council of Graduate Schools

NSF Science and Technology Education Leadership Awards
(Presenters)

Educator Achievement Award
Eugene DeLoatch, Dean, School of Engineering,
Morgan State University

Institutional Achievement Award
Jaime Oaxaca, National Science Board Member and Vice Chairman,
Coronado Communications Corporation

Lifetime Achievement Award
Luther S. Williams, Assistant Director, Education and
Human Resources

2:00 p.m. 2:30 p.m. BREAK

2:30 p.m. 4:00 p.m. STUDENT FORUM - "ASK NSF'
(Students Only)

Garbo Room Session A: Precollege Students

Moderator: Joseph G. Danek, Director, Office of Systemic
Reform, EHR
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SATURDAY, OCTOBER 1, 1994continued

Resource Persons: Wanda E. Ward, Special Assistant to' the
Assistant Director, EHR; Costello L. Brown,
California State University at Los Angeles

Blue Thom Session B: Undergraduate/Graduate Students

Moderator: Roosevelt Calbert, Division Director,
Human Resource Development, EHR

Resource Persons: Elbert L. Marsh, Deputy Assistant Director, ENG, NSF;
Susan W. Duby, Program Director, Graduate and Minority
Graduate Fellowships Programs, EHR

Ambassador Room Session C: Undergraduate/Graduate Students

Moderator: Daryl E. Chubin, Director, Division of Research,
Evaluation and Dissemination, EHR

Resource Persons: Thomas W. Cole, Jr., President,
Clark Atlanta University; J. Eleonora Sabadell,
Program Director, ENG, NSF

2:30 p.m. 4:00 p.m. ACTION PLAN IMPLEMENTATION SESSIONS
Palladian Room Session A: Precollege Programs

Moderators: Margaret B. Cozzens, Division Director, Elementary,
Secondary and Informal Education, EHR; Lida K. Barrett,
Senior Staff Associate, Office of the Assistant Director, EHR

Diplomat Room Session B: Higher Education & Beyond

Moderators: Terrence L. Porter, Division Director,
Graduate Education and Research Development,
EHR; Robert F. Watson, Division Director,
Undergraduate Education, EHR

4:00 p.m. - 5:00 p.m. CLOSING SESSION

Regency Ballroom Presiding: Neal Lane, Director, NSF

Wrap-up: Luther S. Williams, Assistant Director, EHR

6:30 p.m. BIRDS-OF-A-FEATHER SESSIONS
See separate listing of sessions and room assignments.

6:00 p.m. Student Activity: Dinner and "Twilight Tour" of the
Nation's Capital

END OF THE FORMAL CONFERENCE PROGRAM
15(1
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SUNDAY, OCTOBER 2, 1994

8:30 a.m. - 12 noon **PROJECT DIRECTORS' MEETINGS
Division of Human Resource Development, EHR
(Closed Sessions)

Executive Room Research Careers for Minority Scholars

Hampton Room Research Improvement in Minority Institutions

Cabinet Room Minority Research Centers of Excellence

Palladian Room Summer Science Camps

** Continental breakfast available in meeting rooms.

NSF Office: Director's Room
Press Room: Forum Room
Student Lounge: Exhibit Hall
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APPENDIX B

GENERAL CONFERENCE PARTICIPANTS

Farzan Abdolsalami
Department of Engineering Science
Trinity University
715 Stadium Drive
San Antonio, TX 78212 -72(K)

Mehran Abdolsalami
St. Marv's University
1 Camino Santa Maria
San Antonio, TX 78228

Barbara J. Abraham
Department of Biological Sciences
Hampton University
Hampton, VA 23668

Hanley N. Abramson
Office of the Provost
Wayne State University
4101 FAB, WSU
Detroit. MI 482(12

Sunnie A. Ahurime
Department of Plant
and Soil Science
Alabama A&M University
Huntsville, AL 35762

Clara I. Adams
Morgan State University
Cold Spring Lane and Hillen Road
Baltimore, MD 21239

Adeniran Adebove
Undergraduate Studies in Math
Howard University
Academic Support Bldg B. Room 204
Washington. DC 20(159

T Jean Adenika-Morrow
School of Education
California State University
at Los Angeles
5151 State Universio, Drive
Los Angeles, CA 90032

Sunday A. Adesuvi
St. Paul's College
406 Windsor Avenue
Lawrenceville. VA 23868

Shair Ahmad
Division of Mathematics. Computer
Science and Statistics
University of Texas at San Antonio
San Antonio, TX 78249

Daniel Akins
City College of the City
University of New York
138th Street at Convent Avenue
New York. NY 10031

Murty Akundi
Physics/Engineering Department
Xavier University
Box 28A
New Orleans. LA 7(1125

Bruce M. Alberts
President
National Academy of Sciences
(NAS 215)
21(11 Constitution Avenue. NW
Washington, DC 2(1418

Charles C. Alexander
Department of Mathematics
Mississippi Alliance for Minority
Participation
University of Mississippi
Hume Hall, Room 227
University, MS 38677

Lawrence J. Alfred
College of Sciences
San Diego State University
San Diego, CA 92182

Rosie Allen-Noble
Health Careers Program
Montclair State University
Valley and Normal Roads
Upper Montclair, NJ 07043

Farshad Amini
Department of Civil Engineering,
M 134023
University of the District
of Columbia
Washington. DC 21)008

Amel Anderson
College of Life Sciences
University of Maryland
1224 Symons Hall
C'ollege Park. MD 20742

Eddie Anderson
Elementary and Secondary Branch
Education Division
National Aeronautics and Space
Administration
301) E Street. SW
Washington. DC 2(1546

Kenneth J. Anderson
School of Public health. SC-30
University of Washington
Seattle. WA 98195

Winston A. Anderson
Department of Biology. II. U.
Howard University
Washington. DC' 20059

161.

Sally J. Andrade
Center for Institutional Evaluation.
Research and Planning
University of Texas at El Paso
Administration Bldg, Room 500
500 \Vest University Avenue
El Paso. TX 79968-0500

Ruby W. Anzures
National Science Foundation
4201 Wilson Boulevard
Arlington. VA 22230

Martin Apple
Council of Scientific Presidents
1155 Sixteenth Street, NW
Washington. DC 20(136

Roig M. Arango
Florida international University
Miami, FL 33199

Josefina Arce
Resource Center for Science
and Engineering/AMP
P.O. Box 23334
San Juan. PR 00931-3334

Rafael Arce
Research and Development Center
University of Pureto Rico
College Station, Mayaguez Campus
Mayaguez, PR 00680

Carolyn Arena
National Science Foundation
42(11 Wilson Boulevard
Arlington. VA 2223)1

Pablo Arenaz
Department of Biological Sciences
University of Texas at El Paso
El Paso. TX 79968-0519

lfeanyi J. Arinze
Meharry Medical College
1005 D.B. Id, Jr. Boulevard
Nashville. TN 37208

George P. Arlotto
Woodrow Wilson Senior High School
Nebraska Avenue and Chesapeake Street.
NW
Washington. DC 20016

Everce L. Armstrong
DuPont Company
1007 Market Street. N12420
Wilmington, DL 19898
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James H. Arrington
School of Arts and Sciences
South Carolina State University
P.O. Box 73(17
3(10 College Street
Orangeburg, SC 29117

Paula 0. Ashby
Meyerhoff Scholarship Program
.University of Maryland Baltimore County
5401 Wilkens Avenue
Baltimore, MD 21228

John H. Ashe
University of California
at Riverside
B-204 Library South
Riverside, CA 92521-0208

Chris Atine
School of Forestry
Northern Arizona University
P.O. Box.15018
Flagstaff. AZ 86(01I -5(118

Jerome A. Atkins
Morgan State University
5200 Perring Parkway
Baltimore. MD 21239

Donna D. Atkinson
Birch & Davis Associates, Inc.
89(15 Fairview Road
Silver Spring. MD 20910

Gail Austin
University of Pittsburgh
2717 CL
Pittsburgh. PA 15260

W. Lena Austin
College of Medicine
Howard University
520 W Street. NW
Washington. DC 2(1(159

Clyde C. Aveilhe
The City University of New York
1660 L Street. NW, Suite 610
Washington, DC 20036

Timothy E. Aydelott
New Mexico Museum of Natural
History and Science
1801 Mountain Road. NW
Albuquerque. NM 87104

Isabel Azcona
Division of Science and
Mathematics
Ford= University
113 West 60th Street
New York, NY 1(1(123

Arthur Bacon
Department of Natural Sciences
and Mathematics
Talladega College
627 West Battle Street
Talladega, AL 35160
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Diola Bagayoko
Southern University and A&M College
P.O. Box 11776
Baton Rouge. LA 70813

Everett G. Bailey
National Physical Science Consortium
Box 30001. Department 3NPS
New Mexico State University
Las Cruces. NM 88003-8001

Earnestine B. Baker
Meyerhoff Scholarship Program
University of Maryland Baltimore County
5401 Wilkens Avenue
Baltimore, MD 21228

Oliver K. Baker
Graduate Physics Research Center
Hampton University
P.O. Box 6172
Hampton, VA 23668

Carol A. Balfe
Raychem Corporation
MS 122/6403
300 Constitution Drive
Menlo Park. CA 94025

Eve I. Barak
National Science Foundation
4201 Wilson Boulevard
Arlington, VA 22230

Dean E. Barnes
Mayo Clinic Scottsdale
134(10 East Shea Boulevard
Scottsdale, AZ 85040

Jacquelyn S. Barnes
Mathematics, Engineering and Science
Achievement Programs (MESA)
Harvey Mudd College
301 East 12th Street
Claremont, CA 91711-5990

Yolanda D. Barnes
University of California
at Davis
112 Physics Building
Davis, CA 95616

Robert E. Barnhill
Vice President of Research
and Strategic Initiatives
Arizona State University
Box 872703
Tmpe, AZ 85287-2703

Robin A. Barraco
Wayne State University
540 East Canfield
Detroit, MI 48201

Mark C. Bauer
Navajo Community College
P.O. Box 580
Shiprock, NM 87420

Laura P. Kautz
National Science Foundation
421)1 Wilson Boulevard
Arlington, VA 22230
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Carmen A. Baxter
Milwaukee Public Schools
P.O. Box 2181
Milwaukee. WI 532(11 -2181

Gladys S. Bayse
Spelman College
P.O. Box 326
350 Spelman Lane. SW
Atlanta, GA 30314

Stephen C. Beale
Department of Chemistry
University of Alabama
at Birmingham
Birmingham, AL 35294

DeAnna Banks Beane
Youth ALIVE!
Association of Science and
Technology Centers
11)25 Vermont Avenue. NW, Suite 500
Washington. DC 20005

Alex Becerra
University_ of California
at Irvine
160 Administration Building
Irvine, CA 92717-25(15

Mary R. Bediako
Documentation and Evaluation
Ventures in Education
245 Fifth Avenue
New York. NY 10(116

Fred Begay
Science and Technology Office
Los Alamos National Laboratory
Mail Stop F-657
Los Alamos. NM 87545

Carol D. Bell
University of Texas
at Arlington
201 East Third Street. Apt. 1(12
Arlington. 'TX 76010

Antoinette Benally
(Navajo Community College)
Lawrence Livermore National Laboratory
P.O. Box 808
Livermore. CA 94550

Jennie M. Beim ,ts
Bridge Program
University of Houston
4800 Calhoun, Room 466. Farish Hall
Houston, TX 77204-5874

Carl M. Berkowitz
City College of the City
University of New York
170 Forest Green
Staten island, NY 10312

Manuel P. Berriozahal
TEXPREP
University of Texas at San Antonio
San Antonio, TX 78249-0661



Adrian D. Beverly
Department of Instructional Support
Chicago Public Schools
1819 West Pershing Road, 6C(s)

Chicago, IL 60609

David C. Blackman
Northeastern University
205 Churchill Hall
Boston. MA 02115

Bettye Blaknev- Richards
National Science Foundation
42(11 Wilson Boulevard
Arlington, VA 22230

Robin Blalock
Howard University
4319 Iowa Avenue, NW
Washington, DC 20011

Gene Block
University of Virginia
Washington Hall
Charlottesvile, VA 22903

Sandra Blough
Bel Air High School
731 Yarbrough
El Paso, TX 79915

John Blucycs
Fort Lewis College
at Durango
P.O. Drawer 1318
Durango, CO 87499

Esther M. Bolding
National Science Foundation
42(11 Wilson Boulevard
Arlington. VA 2223(1

Jim Boone
National Science Foundation
42(11 Wilson Boulevard
Arlington, VA 22230

Lorraine Bondi-Goldsmith
College at Old Westbury of the
State University of New York
Box 21(1. Natural Science Building
Old Westbury, NY 11568-0210

James L. Bonner, Jr.
Department of Chemistry
Prairie View A&M University
P.O. Box 4791
Prairie View, TX 77446

Joseph Bordogna
National Science Foundation
4201 Wilson Boulevard
Arlington, VA 22230

Marian G. Boston
Morgan State University
Cold Spring Lane and Hiller) Road
Baltimore, MD 21239

Kimiko S. Bowens
National Science Foundation
4201 Wilson Boulevard
Arlington, VA 22230

Clarissa N. Bowman
Navajo Community College
P.O. Box 580
Shiprock, NM 87420

Norma F. Boyd
Maryland Mathematics, Engineering and
Science Achievement (MESA) Program
JHU Applied Physics Laboratory
The Johns Hopkins University
Johns Hopkins Road
Laurel, MD 20723

Thomas E. Brady
National Science Foundation
42(11 Wilson Boulevard
Arlington, VA 22230

Fitzgerald B. Bramwell
Dean of Graduate Studies and Research
Brooklyn College of the City
University of New York
2)00 Bedford Avenue
Erooklyn, NY 1121(1

Carol B. Brandt
Department of Biology
University of New Mexico
Albuquerque, NM 87131-1091

Patricia Bready
University of Cincinnati
2220 Victory Parkway
Cincinnati. OH 45206

Christine 13. Brennan
American Chemical Society
1155 16th Street, NW
Washington, DC 20036

Albert Bridgewater
National Science Foundation
42(11 Wilson Boulevard
Arlington, VA 22230

Arturo Bronson
Department of Metallurgical
and Materials Engineering
University of Texas at El Paso
El Paso, TX 79968-0520

Bernard Brown
Boston Public SchoolsOn Deck 2000
Bay Bank South
66 Main Street
Taunton. MA 02780

Costello L. Brown
California State University
at Los Angeles
5151 State University Drive
Admissions Bldg, Room 71(1
Los Angeles, CA 9(X)32

Jeannette E. Brown
Chemistry Department
New Jersey Institute
of Technology
122 Brookside Lane
Somerville, NJ 08876
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Ramona Brown
National Alliance for Research Centers
of Excellence
City College of the City
University of New York, Y-130
135th Street and Convent Avenue
New York, NY 1(X)31

Gregg P. Bryant
National Institute for Standards
and Technology
B268 Building 221
Gaithersburg, MD 20877

Herb Bryce
Seattle Central Community College
17(11 Broadway
Seattle, WA 98122

Paul T. Bucci
Academy for Educational Development
1875 Connecticut Avenue, NW
Washington, DC 20009-1202

Warren W. Buck
Graduate Physics Research Center
Hampton University
PO. Box 6172
Hampton, VA 23668

Josie A. Bullard
Durham Public Schools
P.O. Box .30002
Durham. NC 27702

Sherry Burgess
College of Science and Mathematics
University of South Carolina
Columbia, SC 29208

Maria Burka
National Science Foundation
4201 Wilson Boulevard
Arlington, VA 22230

Michelle Burkett
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Room H-143, The Capitol
Washington, DC 20515

David K. Burnham
Department of Microbiology. 306 LSE
Oklahoma State University
Stillwater, OK 74078

Michael R. Busby
Tennessee State University
330 Tenth Avenue, North
Suite 265G
Nashville, TN 37203-3401

Sharon C. Bush
National Research Council
21(11 Constitution Avenue. NW
Washington. DC 2(1418
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U.S. Army Research Laboratory
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Maria E. Bustillos
Army Research Laboratory (ARL)
3117 Amarillo
El Paso, TX 79936

Lauretta Byars
Kentucky SSTPRISM Initiative
University of Kentucky
101 Alumni Gym Complex
Lexington. KY 40506-11(129

Regina 0. Byrda
University Relations
University of Texas
2(U) Westlake Park Boulevard
Houston. TX 77079

Carlos R. Cabrera
Department of Chemistry
University of Puerto Rico
Rio Piedras Campus
P.O. Box 23346
San Juan. PR 00931

Fernando Cadena
Civil Engineering Department
New Mexico State University
Box 3CE. NMSU
Las Cruces. NM 88011

Thomas Callaway
Stephen F. Austin State University
Box 13(144
Nacogdoches, TX 75962

Roost:\ elt Calhert
National Science Foundation
4201 Wilson Boulevard
Arlington. \'A 1123)

Linda Callen
Center for Academic
Enhancement (SSC)
Texas A&M University
College Station, TX 77843-4230

Joseph A. Cameron
Minority Institutional Research
Training Program
Jackson State University
1400 J.R. Lynch Street
Jackson, MS 39217.

Francine Campone
South Dakota School of Mines
and lechnology
3(11 East St. Joseph Street
Rapid City. SD 57701.3995

Graciela Candelas
Department of Biology
University of Puerto Rico
Box 23360

San Juan. PR (1)1931-3360

David Capco
National Science Foundation
4201 Wilson Bottles arc(
Arlington. VA 22230

G. Nathan Carnes
Pioject Discovery
Miami University
420 McGulley Hall
Oxford. 011 45056
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Gene ('arson
National Science Foundation
4201 Wilson Boulevard
Arlington. VA 22230

Victor Cary
Link ersit \ of California
at Berkeley
312 McLaughlin (fall
Berkeley. CA 94720

Denise Case\
Unkersth of Cincinnati
2120 Victor\ Park \\ a\
Cincinnati. OH 45200

Robin Casselman
University of Calilornia at !nine
EOP:SAA Outreach Academic
Development
Partnerships
16(1 Administration
Irvine. CA 92717

Janice Cassidy
National Science Foundation
4201 Wilson Boulevard
Arlington. VA 22230

Glenn Cassis
Connecticut Pre-Engineering Piogram
950 Trout Brook Drive
West I lartford. CT (16119

Steven P. Castillo
Department 3-0. Box 3001
Ness Mexico State University
Las Cruces. NM 88003

George Castro
Society for the Advancement cif Chicanos
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IBM Research
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San Jose. CA 95112

Ben Cathey
College of Natural Science
Michigan State Unixerstts
103 Natural Science Building
East Lansing. MI 48824
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Roots Tho Teaching Systems
3 Vestal Street
Nantucket. MA 02554
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Goddard Space Flight Center
National Aeronautics and Space
Administration
('ode 933
Greenbelt. MD 20771

Wanda D. Chambers
U.S. Department of Education
555 New .Jersey Avenue. NW
Washington. DC 20208-564

Eric A. Check
Morgan State University
520)) Pcrring Padova\
Baltimore. MD 21239
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Judy B. Chen
Miami Museum of Science
3280 South Miami Avenue
Miami. Fl. 33129

David Chittenden
Science Museum of Minnesota
30 East 10th Street
St. Paul. MN 55101

Lily E. Ciirist
John Jay College of the City
University of New York
445 West 59th Street
New York. NY 1(1(119

Daryl E. Chubin
National Science Foundation
4201 Wilson Boulevard
Arlington, VA 22230

Debbie Clark-McCormick
Ultrafast Optical Science I )epartment
University of Michigan
2200 Bonisteel Boulevard
Ann Arbor, MI 48109-2)190

Julia Clarke
National Science Foundatitm
42(11 Wilson Boulevard
Arlington. VA 22230

Odessa Coates
National Science Foundation
4201 Wilson Boulevard
Arlington. \'A 22230

Jewel Plummer Cobb
California State Linkers!' N.
at Los Angeles
Administration #819
5151 State Unkeraty UtIsc
Los Angeles. CA 90032

W P. W Cole. Jr
Clark Atlanta University
James P. Brass ley ()rise
at Fair Street. SW
Atlanta. CiA 31)314

Rose NI. Coleman
Normandy School Disti ict
7837 Natural Bridge Road
St. Louis. MC) 63121

Francis P. Collea
Office of Research and Sponsotetl
Programs
California State Unkeisit. at Long Beach
40)) Golden Shore. Suite ;02
Long Beach. CA 90802-4'75

1 larsest Collier
Chemistry Department
University. of NIissomi
at Rolla
Rolla. MO 65401

Winson R. Coleman
Science and Engineering ( cruel (SSC)
university of the Di- Intl in Columbia
4200 Connectico' Avenue. NW
Washingtop 2I11I8
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University Corporation for Atmospheric
Research/National Centel lot Atmospheric
Research (UCARN('AR)
P.O. Box 30(X)
Boulder, CO 80307

Carlos A. Condat
Department of Nix sies
University of Puerto Rico
Mayaguez Campus
Mayaguez, PR 01681

Levla Conrad
Clark Atlanta University
James P. Braw ley Drive
at Fair Street. SW
Atlanta, GA 30314

Lloyd M. Cooke
LMC Associates
I Beaufort Street
White Plains. NY 10607

Helen C. Cooks
Southwest Academic Center
The University of Toledo
280I West Bancroft

011 43606
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U.S. Department of Education
Portals Building. Room 451)1)
41(11 Maryland Avenue. SW
Washington, DC 2(1202

Deborah L. Corson
American Chemical Societ
1155 Sixteenth Street. NW
Washington. D(' 2(1036

James Cosgrove
National Science Foundation
4201 Wilson Boulevard
Arlington. VA 22230

Merits n S. Coslow
:anl loose Education Center
Jefferson County Public Schools
3332 Ncssburg Road. P.O. Box 34020
Loukville, KY 40232 402(1

Michael .1. Cotton
Bennett College
900 1:itst Washi neton St Feet
Greensboro, N(' 27401

Douglas M. Council
Bowie State University
Bowie. MD 21)715

David N. Cox
University of :Memphis
('lenient Ilall
Memphis. TN 38152

Stephen R. Cox
PATI IS PRISM
Philadelphia Partnership for Education
7 Ben Franklin Parkay. Suite 70)
Philadelphia. PA I9103-I294

Margaret 13. Cozzens
National Science Foundation
42(11 Wilson Boulevard
Arlington. VA 22230

Autumn W ('raft
Administrative Manager
University 01 Michigan
6113 1ST Building
2200 I3onisteel Boulevard
Ann Arbor. MI 48109-2099

Joyce Craig
Chicago State Unkersit
951(1 King Drive
Chicago. IL 60628

Emily J. Crandall
School Without Wills
Senior High School
Between 21st and 22nd at G Street. NW
Washington. DC 20037

Charlene Crawley
National Science Foundation
42(11 Wilson Boulevard
Arlington. VA 2223')

William Croasdale
Department of Electrical Engineering.
University of Rhode Island
Kelley Annex
Kingston. RI 02881

Calvin Cruise
National Science Foundation
4201 Wilson Boulevard
Arlington. VA 2223(1

Carolyn Cruise
National Education Association
1201 Sixteenth Street. NW
Washington. DC 20036

Dottie Cudmore
National Science Foundation
42111 Wilson Boulevard
Arlington. VA 22230

Monica S. Curtis
Cincinnati Public Schools
231) East 9th Street
Cincinnati. 011 45202

Kenneth A. Cutler
Pre-College Program
University of North Carolina
309 Peabody I tall. C13 35(11)
Chapel Hill. N(' 27599-3500

Paul DaCosta
Comprehensive Regional Centers
for Minorities Program
PATI ISTRISM
7 Ben Franklin Park%ii., Suite 700
Philadelphia. PA 191(13-1294

ialeh Dine
University of Wisconsin
329 Birge Ilall
Madison. WI 53706
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Louis Dale
University of Alabama
at Birmingham
216 Education Building
Birmingham. AL 35294 -125(1

Joseph G. Danek
National Science Foundation
4201 Wilson Boulevard
Arlington. VA 22230

%Hie L. Darby
Chemistry Department
Hampton University
Hampton. VA 23668

Mukul C. Datta
Department of Chemistr\
Thskegee University
Tuskegee, AL 36088

Abhava K. Datve
Department of Chemical
and Nuclear Engineering
University of New Mexico
Albuquerque. NM $7131

G. William Daub
Freshman Division
I larvey Mudd College
12th and Columbia
Claremont. CA 91711

Clarence M. Davenport
Howard University
9409 Fernwood Road
Bethesda. MI) 20817

Jack N. Davey
Sinte Gleska University
Mission. SD 57555

(iaelyn Davidson
National Research Council
Committee on Women in Science
and Engineering
21(11 Constitution Avenue. NW "Ij 2011
Washington. D(' 20418

Shona K. Davidson
Spelman College
35(1 Spelman Lane. SW
Box 1450
Atlanta. GA 30314-4399

Daniel Davis
National Science foundation
4201 Wilson Boulevard
Arlington. VA 22230

Judith A. Day
Access ('enter
California State University
at Los Angeles
Administration #819
5151 State University Drive
Los Angeles. ('A 9)X)32

Shirley Dav
National Science Foundation
4201 Wilson Boulevard
Arlington. VA 22231)
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Winifred Dem.eirs

St. Louis Public Schools
45(1 Des Peres
St. Louis. MO 63112

Cary G. de Bessonet
Southern University
3739 f fundred Oaks Avenue
Baton Rouge. LA 70808

James Deitz
National Science Foundation
4201 Wilson Boulevard
Arlington. VA 2223(1

Linda K. Dell'Osso
Mathematics. Engineering and
Science Achievement (MESA) Program
Harvey Mudd College
301 East 12th Street
Claremont, CA 91711-5990

Eugene DeLoatch
Dean
School of Engineering
Morgan State University
Cold Spring Lane and flillen Road
Baltimore. MD 21239

Alfredo G. de los Santos, Jr.
Educational Development
Maricopa Community College
2411 West 14th Street
limipe. AZ 85182-6941

Barbara A. DeMartinis
Montebello Unified School District
1434 Nineteenth Street. #104
Santa Monica. CA 9(1404

Marjorie Dc Martino
California AMP ProgramSouthern
Region
University of California at IrSine
16(1 Administration Building
Irvine. CA 92717-2505

Carolyn Dennis
Positive Innovation
e o Foundation for the South
633 North State Street. Suite 602
Jackson. MS 39202

Dose Dennis
Positive Intimation
c o Foundation for the South
633 North State Street. Suite 602
Jackson. MS 39202

Vernell Dennis
LED Publishing
173(1 Ni Street. NW Suite 407
Washington. DC 20036

Harold Deutschman
c) Civil Engineering Department
Ness Jersey Institute of Technology
University Ileights
Newark. NJ 07102
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Warren R. De Vries
National Science foundation
421)1 Wilson Boulevard
Arlington. VA 22230

Benjamin A. Dias
Johnson C. Smith University
1(1(1 Beatties Ford Road
Charlotte. NC' 28216

Angela Phillips Diaz
Executive Office of the President
National Science and Technology Council
Washington. DC 21(50(1

Leticia Diaz-Rios
Comprehensive Regional Centers for
Minorities Program
University of Texas at El Paso
500 West University. Burses !fall 202
El Paso. TX 79968

Catherine J. Didion
Association for Women in Science
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1522 K Street. NW Suite 82(1
Washington. DC 20005

Pam I. Diggle
Stanis!aus County Office of Education
21925 Lyons Bald Mountain Road
Sonora. CA 9537(1

George S. DixOn
Department of Physics
Oklahoma State University
Stillwater, OK 74078

Kiyah Dilly
Psychology Department
University of North Carolina
Wilmington. NC' 28403

Denise Duckett
National Science Foundation
4201 Wilson Boulevard
Arlington. VA 22230

1:Ivirit Doman
National Science Foundation
42(11 Wilson Boulevard
Arlington. VA 22230

Erma Donaldson
c'o Iris Johnson
Miami Universits
301 McGuffev Hall
Oxford, OH 45056

Marian S. Douglas
Chemistry Department
University of Arkansas
at Little Rock
2801 South University
Little Rock. AR 72204

Peter A. Dual
lahnemann tIniversity

Briiad and Vine
Philadelphia. PA 19102
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Susan W Dulw
National Science Foundation
4201 Wilson Boulevard
Arlington, VA 2223(1

Paula Duckett
National Science Foundation
421(1 Wilson Boulevard
Arlington. VA 22330

Titania E. Dumas
Department of Chemistry
Prairie View A&M Unisersit
Prairie View. TX 77446

Joseph C. Dunbar
Wayne State University
5275 Scott Ilan
54(1 East Canfield
Detroit. N11 48201

Janice M. Earle
National Science Foundation
4201 Wilson Boulevard
Arlington. VA 22230

Fred Easter
Mathematics, Engineering and
Science Achievement (MESA) Statewide
300 Lakeside Drive. 7th Floor
Oakland. CA 94612-355(1

NI. A. Ebadian
Florida International University
Southwest 8th Street and 107th Avenue
Miami. FL 33199

Ethelbert 0. Ekeocha
Mathematics. Engineering and Science
Achievement (MESA) Program
Morgan State University
Cold Spring Lane and I Wien Road
Baltimore. MD 21239

Sylvester N. Ekpenuma
Claflin College
700 College Avenue. NE
Orangeburg. SC 29115

Omnia
Fort Lewis College at Durango
1000 Rim Drive. Room 610f3I1

Durango. CO 81301

Irene NI. Escoto-Garcia
Rockwell International
1049 Camino del Rios
Thousand Oaks. C'A 91360

Roxie Ester le
Montebello School District
4530 Densmore Avenue
Encino. CA 91436

Theresa Ettienne
College of Physical Science. Engineering
and Technology
University of the District of Columbia
4200 Connecticut Avenue. NW Mail I3o\
4201

Washington. DC 20008



Marcia Murray Ewers
Charles Drew Science Enrichment
Laboratory
242 Plant Biology Laboratory. MSU
Michigan State University
East Lansing. MI 48824

Etta Falconer
Spelman College
P.O. Box 326
35(1 Spelman Lane, SW
Atlanta. GA 30314

Daniel L. Farkas
Carnegie Mellon University
4700 Fifth Avenue
Pittsburgh. PA 15213

Peter Farnham
American Society for Biochemistry
and Molecular Biology
9650 Rockville Pike
Bethesda. MD 20814

Dale S. Feldman
BEC 256. Biomedical Engineering
University of Alabama at Birmingham
Birmingham. AL 35294-4461

Eduardo Feller
National Science Foundation
4201 Wilson Boulevard
Arlington. VA 22230

David L. Ferguson
Department of Applied Mathematics
State University of New York
at Stony Brook
Stony Brook. NY 11794-3600

Felix Fernandez
University of Puerto Rico
Rio Piedras Campus
P.O. Box 23334. University Station
Rio Piedras. PR 00931

Virginia R. Ferris
Executise Committee, Phi Beta Kappa.
and Department of Entomolgy
Purdue Universitt
West Lafayette. IN 47907-1158

Avonda Fess ler
Center for Academic Enhancement
Texas ALK:N1 Universit
College Station. TX 77843-4230

Ewaugh F. Fields
Drexel University
32nd and Chestnut Streets
Philadelphia. PA 19104

Isabella N. Finkelstein
Department of Biological Sciences
Clark Atlanta University
223 James P. Braw ley Drive. SW
Atlanta, GA 3(1314

Chris T. Finley
College of the Sequoias
915 South Nkomo, 13oulevard
Visalia, ('A 93277

Gail T. Finley
Department of Computer Science
University of the District of Columbia
4200 Connecticut Avenue, NW (MB42(14)
Washington. DC 2(1(108

Linda Flint
National Science Foundation
4201 Wilson Boulevard
Arlington, VA 22230

Timms Flores
Alliances for Minority
Participation (AMP) Program
P.O. Box 23334
San Juan. PR (1(1931-3334

Cassandra Fong
Dean's Office
California Alliances for Minority
Participation Program
College of Engineering
University of California at Davis
Davis. CA 95616

Luis Fonseca
University of Puerto Rico
Rio Piedras Campus
P.O. Box 23334. University Station
Rio Piedras. PR ((0931

Lynn A. Fontana
Education Film Center
3318 Cranbr000k Court
Oakton. VA 22124

Paul J. Fonteyn
Research and Sponsored Programs
San Francisco State Universitt
1600 Holloway. New Administration 55$
San Francisco. CA 94132

Patricia I I. Forber
Science Museum of Minnesota
30 East 10th Street
St. Paul. MN 551(11

Robert L. Ford
Center for Energy and Environmental
Studies (GEES)
Southern University and A&M College
P.O. Box 9764
Baton Rouge. LA 70813

Norman Fortenhcrry
National Science Foundation
4201 Wilson Boulevard
Arlington. VA 22231)

Anthony Fratiello
Department of Chemistry
California State University
at Los Angeles
5151 State University Drive
Los Angeles. CA 901132

I afatette Frederick
Department of Biology
lImard University
415 College Street. NW
Washington. DC 201159

Robert Freeman
University of Missouri
at St. Louis
8001 Natural Bridge
St. Louis. MO 63121

Eileen D. Friel
Maria Mitchell Observatory
3 Vestal Street
Nantucket. MA 02554

Judith M. Fromm
SEA Education Association
P.O. Box 6
Woods Ilo le, MA (12543

Jennifer Fuentes
University of California at Irvine
16(1 Administration Building
Irkine, ('A 92717-25(15

Amanda C. Gable
Office of Graduate Studies
and Research
Georgia Tech
Atlanta. GA 30332-0265

Elizabeth Galo
8001 West Minnezona Avenue
Phoenix. AZ 85033

Robert R. Ga Ivan
University of Texas at Austin
Main Building. Room 302
P.O. Box 7578
Austin. TX 78713

Antonio A. Garcia
Coalition to Increase Minority
Degrees (CIMD)
Hispanic Research Center
Arizona State University
Tempe. AZ 85287-2702

Diana Garcia-Prichard
Photo Science Research Di\ ision
Eastman Kodak Company
Rochester. NY 1465(1 -1731

George C. Gardiner
Minority Affairs
Medical College of Pennsylvania
and I lahnemann llniversity
Broad and Vine. Mail Stop 447
Philadelphia. PA 19102-1192

Robert E. Garrison
National Science Foundation
42(11 Wilson Boulesard
Arlington. VA 22230

James D. Gates
National Council of leachers
of Mathematics
1906 Association Drive
Reston. VA 22091

Peter Gerber
MacArthur Foundation
14(1 South Dearborn Street
Chicago. II. 60603
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Lysheth Germ:tin
Co. Dr. Grace Vernon
Division of Sience and Mathematics
Fordham University
113 West 60th Street
New York. NY 10023

Kunal P. Ghosh
Jackson State University
P.O. Box 17660
Jackson, MS 39217

John R. Giardino
Department of Geography
Texas A&M University
College Station. TX 77843-3147

Lydia GIN)
Talcott Mountain Science ('enter
Montevideo Road
Avon. CT 06001

Siohhan J. Gibbons
Outreach Program
Center for Pre-College Programs
New Jersey I Fist ute of Technology
Cullumore 402, New University fleights
Newark. NJ 07102

Keisha Gibson
2 Stone View Trail
Birmingham. AL 3521(1

Dean C. Gilbert
Long Beach Unified School District
7(11 Locust Avenue. Room NO
Long Beach, CA 90813

Diane F. Ging
Curriculum and Instruction
Columbus Public Schools
270 East State Street
Columbus. 011 43215

Joella Gipson
Wayne State University
361 College of Education
5425 Cullen Mall
Detroit, MI 48202
wiiheiminit D. Goff

National Science Foundation
4201 Wilson Boulevard
Arlington. VA 22230

Allan II. Goldfarb
Exercise and Sport Science Department
University of North Carolina
at Greensboro
Greensboro. NC 27412-5001

Karen E Gomez
Box 30001:Department 31RD
Indian Resource Development
Las Cruces. NM 88003-0001

Leo S. Gomez
Sandia National Laboratories
MS 1335
Albuquerque. NM 87185-1335
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Manuel Gomez
Resource ('enter for Science
and Engineering
University of Puerto Rico
P.O. I3ox 23334
San Juan. PR 0(1931-3334

Ophelia Gona
Department of Anatomy
University of Medicine and Dentistry of
New Jersey- -New Jersey Medical School
185 South Orange Avenue
Newark. NJ (17103

Antonio M. Goncalves
Temple University
7909 Anselm Road
Elkins Park. PA 19027

Juan G. Gonzalez-Lagoa
Research and Development Center
University of Puerto Rico
College Station. UPR Mayaguez Campus
Nlavaguez, PR 00680

Arthur Gooden
1 leadq uarters
National Aeronautics and Space
Administration
300 E Street. SW Code EU
Washington. DC 20546

Lynn Goodnight
Northwestern Universit!,

2299 North Campus Drive
Evanston. IL 602118

Kevin D. Gordon
Pinellas County Schools
301 Fourth Street. SW
Largo. Fl. 34649

Cammy D. Grate-I lolloman
School of Arts and Sciences
South Carolina State Universit
P.O. 0 Box 7307. 300 College Street
Orangeburg. SC 29117

Joseph P. Graves
Evolutionary Biology and Life
Sciences Department
Arizona State University. West
P.O. Box 37100
Phoenix. AZ 85069-7100

Rosa Green
National Aquarium in Baltimore
Pier 3.501 East Pratt Street
Baltimore. MD 21210

Sherrie B. Green
National Science Foundation
4201 Wilson Boulevard
Arlington. VA 22230

Steve L. Grey
(Navajo Community College)
Lass renee Livermore National Laboratory
P.O. Box 8(18
Livermore. ('A 9455(1

Steven E. Griffin
Southwest Research Institute
6220 Culebra Road
P.O. Drawer 2851(1
San Antonio, TX 78228-0510

Frank J. Grijalva
National Science Foundation
4201 Wilson Boulevard
Arlington, VA 22230

Linda Grisham
The Algebra Project, Inc.
99 Bisnop Allen Drive
Cambridge. MA ((2139

Marilyn Gross
Office of Science Education and
Technology Information
U.S. Department of Energy
10(11) Independence Avenue. SW Room
5B-148
Washington. DC 20585

Bessie M. Guerrant
Kentucky SSFPRISM Initiative
University of Kentucky
101 Alumni Gym Complex
Lexington, KY 40506-0029

David Guerrero
University of California at Davis
1540 Valdora. #128
Davis. CA 95616

Carol Guido
National Science Foundation
421)1 Wilson Boulevard
Arlington. VA 22230

Muthukumaran Gunasekaran
Department of Biology. Box 3
Fisk University
Nashville. TN 37208

Sandra Gutierrez
Meta Networks
375 South End Avenue
New York. NY 11(28(1

Ana M. Guzman
Texas A&M University
Room 642. St. 110 Building
College Station. TX 77843-3405

Leonard ter Haar
Minority Research Centers of Excellence
University of Texas at El Paso
Burges 1 tall. #314
El Paso, TX 78868

[Deborah A. Hale
Equity and Access:V-Quest
P.O. Box 7388
Hampton. VA 23666

N'vonne N. Hales
Department of Natural ;mil Physical
Sciences
Baltimore City Communitv College
2901 Liberty Heights Avenue
13altimore. MD 21215-7893



Paula Quick Ilan
Quality. Education for Minorities Network
1818 N Street. NW Suite 350
Washington, DC 2(1(136

Peter I lambright
Department of Chemistry
I low ard University
Washington. DC 20059

Eric R. Hamilton
Loyola Unkersity of Chicago
6525 North Sheridan Road
Chicago, IL 60626

Maria L. Hamlin
University of Minnesota at Duluth
1721 East 3rd Street. Apt. A4
Duluth. MN 55812

Pierce A. Hammond
National Science Foundation
42(11 Wilson Boulevard
Arlington, VA 2223(1

Alfred Hampton
Texas Alliance for Minorities in
Engineering
University of Texas at Austin
ECJ 1(1.324
Austin. TX 78712

Vivian I tampion
Alliances for Minority Participation
(AMP) Program
North Carolina A&T State University
1601 East Market Street
Greensboro. NC 27411

Carlos !Lindy.
Clark Atlanta University
James P. Brawler Drive
at Fair Street. SW
Atlanta. (IA 30314

Jud \ 1 lannah
National Science Foundation
4201 Wilson Bottle\ and
Arlington. VA 22231)

Gwen Hardenbergh
National Science Foundation
421)1 Wilson Boulevard
Arlington. VA 2223(1

Howard K. I lardin
Vanl loose Education Center
Jefferson County Public Schools
3332 Newburg Road
P.O. Box 340211
Louisville. KY 40232 - 4)12(1

Bernard W 1 larleston
Doctoral Program in I ligher
l'.ducation Administration
Llniyersity of Massachussetts it Boston

N1arrissev Boulevard
Boston, MA 02125-339:s

James I larold
California State University
at Sacramento
655 University Avenue. Suite 109
Sacramento, CA 95825

Charlie I taper
Department of Physics
California State Unkersitv
at I lityward
Ilavward, CA 94542

Philip D. Harriman
National Science Fbunuation
4201 Wilson Boulevard
Arlington. VA 22230

Floyd I larris
Minority Engineering Program
University of Missouri at Rolla
1(17 Norwood Hall
Rolla. MO 65401

Robert T. I larris
Access NM Chicago Partnership
Loyola University
6525 North Sheridan Road
Chicago. IL 6(1626

Donna Ilarrison
College of Medicine
I {Marl! Ull VC N tv
520 U Street, NW
Washington. DC 21)059

Patricia C. Harrison
Rochester City School District
131 West Broad Street
Rochester. NY 14614

',sift] 1. Harruna
Clark Atlanta University
223 James P. Brawler Drive
at Fair Street. SW
Atlanta, (IA 30314

Richard C. Haskell
Physics Department
Ilarvey Mudd College
12th and Dartmouth
Claremont. CA 91711

Benny F. Ilawkins
Office of the Provost
Periodontics Department. Ul
College of Dentistry
Unkersity of Iowa
Iowa City. IA 52242

William I iawkin,

Strengthening Underrepresented Nlinority
Mathematics Achievement (MINIMA)
Program
Mathematical Association of America
1529 Eighth Street. NW
Washington. DC 20036

I:Alward C. I layrie
Incubator Scientist Program
St. 1 Amis Regional Science
and lechnology Career Service
7952 Natural Bridge
St. Louis. IN1( 1 63121

Frederick I leineken
National Science Foundation
42)11 Wilson Boulevard
Arlington. VA 22230

Robert A. Henderson
Fantastic Voyage Summer Science Camp
c'o Dr. 0. Gona, Department of Anatomy
New Jersey Medical School
185 South Orange /Venue
Newark. N.1 07103

Florence I lendron
Biology Department
Castetter Hall
University of New Mexico
Albuquerque. NM 87131 -1(191

Maryanna P. Ilenkart
National Science Foundation
4201 Wilson Boulevard
Arlington, VA 22230

Gisele I leanings
North Central Regional Educational
Laboratory (NCREL)
1900 Spring Road. Suite 3(1(1
Oak Brook. IL 60521

Edgar Henriquez
391 Applied Sciences
University of California
at Santa Cruz
Santa Cruz. CA 95064

Caroll E. Ilenry
Department of Biological Sciences
Chicago State University
95(11 South King Drive
Chicago. IL 60628

Warren E. Henry.
National Science Foundation
42(11 Wilson Boulevard
Arlington. VA 22230

Richard 11. Herman
College of Computer. Math
and Physical Sciences
University of Maryland
A.V. Williams Building. Room 3400
College Park. MI) 20742

Olga Hernandez
Research and Development Center
University of Puerto Rico
College Station, UPR Mayaguez Campus
N1avaguez, PR (1068(1

Rosa Maria Ilemandez
El Paso School District
3124 Federal Avenue
El Paso. TX 7993(1

Pilar I lerrera
Project LIFT-OFEComprehensive
Regional ('enters for Minorities (CRCN1)
Program
University of Texas at III Paso
500 West University. Burses I Tall 202
H Paso. "I X 79968
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Regina Todd flicks
School of Science
Purdue University
139(1 Mathematical.Science Building
West Lafayette. IN 47907-1300

Marian lligginbotham
Alabama School of Fine Arts
700 North 18th Street
Birmingham. AL 35203

Richard L. Iliklerbrandt
National Science Foundation
421)1 Wilson Boulevard
Arlington, \A 2223(1

George 1 fill
Mcharry Medical College
1005 D.B. Kld, Jr. Boulevard
Nashville. TN 3721)8

Gloria P. Intl
Action Project
Carnegie Mellon Uniersity
Suite 125. Student Center
4209 Forbes Avenue
Pittsburgh. PA 15213

Susan hill
National Science Foundation
4201 Wilson Boulevard
Arlington. VA 22230

William E. 1 fill
Wayne State Unikersity
4092 FAB
Detroit, MI 48202

Darrell L. I linton
Tennessee State University
330 Tenth Avenue. North
Suite 265G
Nashville. TN 37203-3401

Joseph I lohhs
Mathematics and Science Education
Network
University of North Carolina at Chapel
Hill
201 Peabody flail. DB #3345
Chapel 1 till. NC 27599-3345

Eric M. Hodge
Howard University
2251 Sherman Avenue. NW
Apt. 1013E
Washington. DC 20001

David L. I loefakker
Normandy School District
7837 Natural Bridge Road
St. Louis, MO 63121

Kenneth NI. Hoffman
Massachusetts Institute of "kchnology
4853 Cordell Avenue, Suite 322
Bethesda. MD 20814.3021

William Hollinsed
DuPont
1007 Market Street, NI2420
Wilmington. DE 19898
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Verna L. Hokin=
State Council of I ligher Education
for Virginia
9th Floor. James Monroe Building
1(11 North 14th Street
Richmond. VA 23219-3684

!termii M. 1 tooten
Associated Western Universities. Inc.
419(1 South Highland Drive. Suite 211
Salt Lake City, UT $4124

Edward Hopkins
166 Fenner Hill Road
Hope Valley, RI 02832

Deborah A. HorseChief
Native American Program
in the College of Engineering (NAPCOE)
University of New Mexico
Engineering Annex. Room 213
Albuquerque. NM $7131

Carolyn Howard
University of Missouri
at St. Louis
$001 Natural Bridge
St. Louis. MO 63121

Cheryl A. !toward
Sociology Department
Unixersity of Texas at El Paso
El Paso, TX 79968-1)558

Curtis I toward
National Science Foundation
4201 Wilson Boulevard
Arlington. VA 22230

David B. Howell
New Haven Public Schools
54 Meadow Street
New 1 tavern CT (16519

Michael W Ilowell
College of Science and Mathematics
University of South Carolina
USC. PSC 109
Columbia. SC 29208

Ruth liowes
National Science Foundation
4201 Wilson Boulevard
Arlington. VA 22230

Deh-i Hsiung
National Science Foundation
4201 Wilson Boulevard
Arlington. VA 22230

Tian-Sen Huang
Department of Physics
Prairie View A& M University
P.O. Box 561
Prairie View. TX 77446

Phillips 1 luellner
Comprehensive Regional ('enters for
Minorities (CR('M),Alliance for States
Supporting Indians in Science and
Technology
(ASSIST) Program
308 Culbertson Itall
Bozeman, NIT 59717

Gerunda B. I lughes
11U School of Education
Howard University
Box 9
Washington, DC 20059

Andrea A. Hunter
Anthropology Department
Northern Arizona University
Campus Box 15200
Flagstaff, AZ 86011

Michael II. Hyatt
Access 2000 Chicago Partnership
Loyola University
6525 North Sheridan Road
Chicago. IL 60626

Roberto A. !harm
Council of Graduate Schools
One Dupont Circle. Suite 430
Washington, DC 2(1036-1173

Essam A. Ibrahim
Mechanical Engineering Department
Thskegee University
Tuskegee, AL 36088

Alfred L. Hall. II
Mississippi Alliances for Minority
Participation (AMP) Program
Delta State University
P.O. Box 3241
Cleveland. MS 38733

Ronald E. Bell. II
University of South Florida
8404 Anglers Point Drive
Tampa. FL 33637

Cora M. Ingrum
Office of Minority Programs;Support
Services
School of Engineering and Applied
Science
University of Pennsylvania
220 South 33rd Street. Room 125, Thwne
Building
Philadelphia. PA 19104-6391

Lambert Blunt Jackson
Rutgers University
429 Cooper Street
Camden. N.I 08102

Lela F. Jackson
P.O. Box 151469
Dallas, TX 75315-1469

Rosetta Jackson
University of Missouri
at St. Louis
801)1 Natural Bridge
St. Louis. MO 63121

William M. Jackson
Chemistry Department
University of California
at Davis
Davis. CA 95616



Dottie Jacobs
National Science Foundation
4201 Wilson Boulevard
Arlington. VA 22230

Ricardo Jacquez
Box 30001. Department 3AMP
Ness Mexico State University
Las Cruces. NM 88003-8001

Rudolf Jaffe
Department of Chemistry
Florida International University
Miami. FL 33199

Sylvia NI. James
National Aquarium in Baltimore
Pier 3
501 Pratt Street
Baltimore, MD 21210

Dolores Jaquez
East Bay. Consortium of Educational
Institutions. Inc.
314 East 10th Street. Room 9
Oakland. CA 94606

Emil F Jason
Department of Chemistry
Box 1652
Southern Illinois University
at Edwardsville
Edwardsville. IL 62026

Kamil A. Jbei
Texas Education Agency
1701 North Congress Avenue
Austin. TX 78701-1494

Shaik Jeelani
School of Engineering and Architecture
Tuskegee University
Tuskegee. AL 36088

Jon K. Jensen
Marquette University
1515 West Wisconsin Avenue
Milwaukee. WI 53233

Karen D Jiron
P.O. Box 5
Is leta. NM 87022

Melvin K. Jiron
P.O. Box 5
Isleta. NM 87(122

Patricia L. Jiron
P.O. Box 5
New. NM 87022

Artie K. Johnson
General Superintendent
Chicago Public School System
1819 West Pershing Road
6th Floor. East Building
Chicago. IL 60609

Brigitte Johnson
Hands on Science Outreach. Inc.
491(1 Maom Road
Rockville. MD 21'852

Elmima C. Johnson
National Science Foundation
42(11 Wilson Boulevard
Arlington, VA 2223(1

Iris D. Johnson
Miami University
3(11 McGuffev Hall
Oxford. OH 45056

Judith Johnson
Science Education
College of Education
University of Central Honda
144 Education Building
Orlando. FL 32816-0250

Keith Johnson
Jackson State University
P.O. Box 1766(1
Jackson. MS 39217

Leon P. Johnson
Medgar Evers College of the City
University of New York
1150 Carroll Street
New York, NY 11225

Roosevelt Johnson
National Science Foundation
42(11 Wilson Boulevard
Arlington, NA 2223(1

Saundra Johnson
Minority Engineering Program
Pennsylvania State University
101 Hammond Building
University Park. PA 16802

Sherwood Johnson
31 Julia Circle
Setauket, NY 11733

Vicki S. Johnson
Universities Space Research Association
360(1 Bay Area Boulevard
Houston. TX 77058-1113

Betty Jean T. Jones
Science Department
Charlottesville High School
1400 Melbourne Road
Charlottesville. VA 22901

Carlton P. Jones
Tuskegee University
Room 103. NIilbank Hall
Tuskegee. AL 36(188

Cartina Jones
National Science Foundation
4201 Wilson Boulevard
Arlington, VA 22230

Christine Jones
Harvard -Smithsonian Center
for Astrophysics
6(1 Garden Street
Cambridge. MA (12188

Johnnye NI. Jones
Hampton University
P.O. Box 6111
lampton. VA 23668
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Sadie Jones
National Science Foundation
4201 Wilson Boulevard
Arlington. NA 22230

Lynda M. Jordan
Department of Chemistry
North Carolina A&T State Uniersity
Greensboro, NC 27411

Quelina Jordan
P.O. Box 26385
Washington, DC 20001

Robert A. Jordan
Marine and Environmental
Science Department
Hampton University
Hampton. VA 23668

Sylvia Jurado
UTEP Minority Research Centers
of Excellence (MRCE) Program
University of Texas at El Paso
Burges Hall 4314
El Paso, TX 78868

Virginia S. Kaiser
Columbus Public Schools
270 E. State Street
Columbus. OH 43215

Judith D. Kalish'
Automated Weather Source. Inc.
141 15 Seneca Road
Darnestown, MD 20874

Gretchen Kalonji
University of Wishington
302 Roberts Hall. FB-10
Seattle. WA 98195

DaVid R. Kanis
Chicago State Unisersik
95(11 South King Drive
Chicago. IL 60628

Satyajit Karmakar
St. Paul's College
406 Windsor Avenue
Lawrenceville. VA 23868

Phyllis Katz
Hands on Science Outreach. Inc.
4910 Macon Road
Rockville. MD 2(1852

Victor P. Katz
The Mathematical Association of America
1529 Eighteenth Street, NW
Washington. DC 20036

Clifton Kearney
College of Engineering
Morgan State University
520(1 Perring Parkway
Baltimore. MD 21239

Venicce W Keene
Comprehensive Regional Centers
for Minorities (CRCNI I Program
PATHS PRISM
7 Ben Franklin Parkway. Suite 700
Philadelphia. PA 19103-1294
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Gary Keller
Hispanic Research Center
Arizona State University
Tempe. AZ 85287

Patricia Kernodle
Pre-College Program
University of North Carolina
309 Peabody Hall, CB 350(1
Chapel Hill. NC 27599- 35(1(1

Carolyn W. Keys
Middle and Secondary Education and
Instructional
Technology (MSIT) Department. GSU
Georgia State University
University Plaza
Atlanta. GA 3(1303-3083

Jason J. Kim
Northeastern Unis ersitv
323 Snell Engineering Center
Boston. MA ((2115

Jiwon Kim
American Chemical Society
1155 Sixteenth Street. NW
Washington. DC' 20036

Sharrun E Kinchen
Morgan State University
5200 Perring Parkway
Baltimore. MD 21239

David S. King
National Institute of Standards
and Technology
B-266:Building 221
Gaithersburg, MD 20899

Ivan King
National Science Foundation
4201 Wilson Boulevard
Arlington, VA 2223(1

Peggy T King
Oak Ridge Associated Universities
P.O. Box 117
Oak Ridge. TN 37831-0117

Yvonne Kinney
U.S. Department of the Interior
Bureau of Land Management
1849 C Street. NW
Washington. DC 21)24(1

Douglas Kirkpatrick
California Academic Partnership
Program
1012 Springfield Drive
Walnut Creek. CA 94598

Joseph M. Kishton
Psychology Department
University of North Carolina
Wilmington. NC 28403

Elaine T. Klatt
Clemson University
1091; Barre
Clemson. S(' 29634
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:Margrete S. Klein
National Science Foundation
4201 Wilson Boulevard
Arlington. VA 22230

Jeff R. Kline
I lispanic Radio Network
Suite 305
112 \Vest San Francisco Street
Santa Fe. NM 87501

Richard S. Komatsu
Assessment and Dissemination
California Postsecondary Education
Commission
1303 J Street. Suite 5)8)
Sacramento, CA 95814

George F. Koster
Physics Department
Massachusetts Institute of Technology
Cambridge. MA 02139

Michael A. Krebs
New Mexico Highlands University
Las Vegas, NM 87701

Eunice Krinsky
Math Department
California State Unk ersity
Dominguez I Tills
1000 East Victoria Street
Carson, CA 9(1747

Hugh G. Lacy
3622 Maggie Avenue. NW
luntsxille. AL 35810

Claude N. Lamb
Department of Chemistry
North Carolina A&T State University
Greensboro. NC' 27411

Rita T. Lamb
Durham Public Schools
2)11 Omega Road
Durham. NC 27712

Antonio Lamberth
Bennett College
900 Fast Washington Street
Greensboro. NC' 27401

Edna Lainebull
Anchorage School District
P.O. Box 196614
Anchorage. AK 99519

David Lavallee
City College of the City University
of New Yiirk
138th Street and Coment /Venue
New Birk. NY 10031

Daniel R. Lawson
Los Angeles Unified School District
11380 Graham Place
Los Angeles. CA 90064

George ica
National Science Foundation
4201 Wilson Boulevard
Arlington. VA 22230

Clarence M. Lee
I toward University
College of Arts and Sciences
Locke Ilan. Room 11)1
2441 Sixth Street. NW
Washington. D(' 20059

Patricia Lehmann
Summer Science Camp (SSC') Program
Center for Academic Enhancement
Texas A&M University
College Station, TX 77843-4230

Chad Leidy
University of California
at Davis
3646 Happy Valley Road
Lafayette. CA 94549

Edwin W Le Master
University of Texas--Pan American
121)1 West University Drive
Edinburg. TX 78539

Army Lester
Kennesaw State College
P.O. Box 444
Marietta, GA 30061

Gloria C'. Letts
Columbus Public Schools
873 Walcutt Avenue
Columbus. Of I 43219

('hung S. Leung
Texas A&M University
at Kingsville
Campus Box 192
Kingsville. TX 78363

Essie Lev
American Indian Summer Institute
in Computer Science
2117 Casitas Way
Palm Springs. CA 92264

1 lerb Les itan
National Science Foundation
4201 Wilson Boulevard
Arlington. VA 22230

Dwight E. Lewis
The Graduate School
Graduate School I\Iimirity Programs
177 Young Graduate I louse
West Lafayette. IN 47906

Forbes Lewis
Department of Computer Science
University of Kentucky
773 Enderson Hall
Lexington. KY 40506

James A. Lewis
Division of Life Sciences
University of li2xas
at San Antonio
San Antonio. TX 78249

William Lewis
11.S. Department of Energy
WOO Independence Avenue, SW
Room 413-112
Washington, DC 20585



lima I,ima
Bank Street College
6111 West 112th Street
New Birk. NY 10025

Stark Uncial!
Department of Electrical
and Computer Engineering
University of Rhode Island
Kelley Annex
Kingston. RI 02881

T. Scott Little
College of Science
and Mathematics. USC
University of South Carolina
Columbia, SC 29208

Vicente J. Llamas
NM111.1-NNI Comprehensive Regional
Centers for Minorities (L'RC'M) Program
TEC 204
Ness Mexico Highlands University
Las Vel,tts. NM 87701

Madeleine J. Long
National Science Foundation
42)11 Wilson Boulevard
Arlington. VA 22230

Michelle Long
U.S. Department of State
1701 Fort Slyer Drive
Room 431
Arlington (Rosslvn). V\ 222)9

Glenn Long ley
Edwards Aquifer Research Center
Southwest "Ii:xas State University
San Marcos. TX 78666-46Ih

Gabriel P. Lope/
Department of Chemical
and Nuclear Engineering. UNNI
University of New Mexico
Albuquerque. NM $7131

Julio E. Lopez-Ferrao
SSITA Project
Education Development Center
55 Chapel Street
Newton. MA 02158

Carol Lopez- Fisher
New Mexico State University
Box 30110i
Las Cruces. NM 88003-0001

Barbara Lov itts
National Science Foundation
4201 Wilson Bouldevard
Arlington. VA 22230

Emir Macan
School of Engineering
Georgia Institute of Technolop
Atlanta, GA 30332-0355

Arlene D. Maclin
NovaLink
130 ('reeksiew Lane
['amnion. \A 23669

Georganna MacQuigg
Dallas Public Schools
7931 Walnut I fill Lane
Dallas. TX 75230

Kris Madison
University of California
at In inc
160 Administration Building
Irvine. CA 92717-250;

I lassan Mahfut
Department of Mechanical Engineering
Tuskegee University
Tuskegee. AL. 36088

Shirley M. Malcom
[lead. Directorate tOr Education'
and I luman Resources Programs
American Association for the
Advancement of Science
1333 II Street. NW
Washington. D.C. 21;002

Ronald l_. Mallets
University of Connecticut
U-46. Room P-107
2152 Hillside Road
Storrs. CT (16269- 3046

Benign() Maqueira
Georgia Tech
North Avenue
Atlanta. CIA 30332

Laurent Mars
The City College of the City
University of New York
138th Street and Convent Avenue
New 'Thrk. NY 10031

Elbert L. Marsh
National Science Foundation
4201 Wilson Boulevard
Arlington. VA 22230

Livingston S. Marshall. Jr.
Research Careers for Minority Scholars
Program (RUMS
Department of Natural Sciences
University of Maryland Eastern Shore
Princess Anne. MD 21853-1299

Steve N. Martin
Department of Materials Science
and Engineering
Iowa State University
3157 Gilman flail
Ames. IA 50(111

C. V Matthews
Morgan State I.!niversitv
5200 Perring Parkway
Baltimore, MD 21239

Clary C. Matthews
Affirmative Action Office
State University of New York
at Stony Brook
Administration Building. Room .474
Stony Brook, NY 11794-0251
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Pamella Matthews
Mathematics Division
Mt. flood Communit
26000 Southeast Stark
Gresham. OR 97030

College

James \V Mayo
Sponsored Programs and Research
Services
The Catholic University of America
62)) Michigan Avenue. NE
Washington. DC 20064

Christine M. Maziar
Department of Electrical
and Computer Engineering
University of Texas at Austin
Austin. TX 78712

Nancy McAlister
Maricona Comprehensive Regional
Centers for Minorities Program
2411 West 14th Street
Tempe. AZ 85281-6941

Melinda L. McClanahan
Research and Development
Environmental Protection Agency
401 M Street. SW Mail Code 8701
Washington. DC 20460

Ethel McCoy
Massachusetts Department of Education
350 Main Street
Malden. NIA 02148

Sarah McCoy
Spelman ('ollege
350 Spelman Lane. Box 327
Atlanta. GA 3(1314

Joseph McCrity
Morehouse ('ollege
830 NVestview Drive. SW
Atlanta. GA 30314

Sara .1. McCulloh
South Dakota School of Mines
and 'technology
301 East St. Joseph Street
Rapid City. SD 577(11-3995

Bridget McDermott
Ventures in Education
245 Fifth Avenue
New fork. NY 1)1016

David A. McDonald
University of California at San Diego
9500 Gilman Drive
La Jolla. CA 921)93- 111)1)3

Richard P McGehee
The Geometry Center
1300 South 2nd Street
Suite 500
Minneapolis. SIN 55454.

Albert L. Mel lenry
Coalition to Increase Minority
Degrees (('IMI))
I lispanic Research ('enter
Ar i/ona State Ilniversin
Tempe. AZ 85287-2702
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Joan M. McKean
National Oceanic and Atmospheric
Administration
SSNIC4, Room I W225
1305 East West I fighway
Silver Spring. MD 2091(1

Barbara McKoy
National Science Foundation
4201 Wilson Boulevard
Arlington, VA 22230

Robert McLeod
Science Summer Camp
University of the District of Columbia
42(10 Connecticut Avenue, NW
Washington. D(.' 2000$

Mira L. McLoughlin
American Physical Society
One Physics Ellipse
College Park. MD 2074(1-3844

Pattie McNamara
National Science Foundation
4201 Wilson Boulevard
Arlington. VA 22230

Christopher McRae
National Science Foundation
42(11 Wilson Boulevard
Arlington, VA 2223(1

Michele McTernan
Department of Technology and Society/
RCMS
State University of New York
at Stony Brook
Stony Brook. NY 11733

Gladys L. Meacock
University of Alaska
at Fairbanks
3221 Montclaire Court
Anchorage. AK 99501

Esuhalew Meaza
College of Physical Science. Engineering
and Technology
University of the District of Columbia
4200 Connecticut Avenue. NW Mail Box
.1201

Washington. DC 20008

Robert Medina
Unkersity of California
at Santa Cruz
391 Applied Sciences
Santa Cruz. CA 95064

Tho'd Melton
Graduate School
North Carolina State University
Box 7102, 205 Peek !tall
Raleigh. N(' 27695-71(/2

Maria Mendez
Experimental Programs to Stimulate
Competition of Research (EPSCoR)
P.O. Box 23334
San Juan. PR (1(1931-3334
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Charles W. Merideth
New York City Technical College
300 Jay Street
Brooklyn. NY 11201-2983

John Mertz
Biology Department
Delaware Valley College
Doylestown. PA 18901-2697

Carolyn W. Meyers
Dean for Research and Interdisciplinary
Pt ograms
College of Engineering
Georgia Institute of Technology
Atlanta. GA 30332-0360

Solomon Miles
National Headquarters
The Uplift Foundation. Inc.
P.O. Box 56484
Washington, DC 20040-6484

Cindy A. Miller
University of Pittsburgh
5703 Hobart Street. #23
Pittsburgh. PA 15217

Peter Miller
Playing to Win
36 Atherton Road
Brookline. MA (12146

Richard S. Millman
Office of the Provost, CSU
California State University
at San Marcos
San Marcos. ('A 92096-0001

Fredrick T Milton
Bethune-Cookman College
640 Dr. Mary McLeod Bethune Boulevard
Daytona Beach, FL 32114

Joan R. Mitchell
National Science Foundation
4201 Wilson Boulevard
Arlington, VA 22230

Roger Mitchell
National Science Foundation
4201 Wilson Boulevard
Arlington. VA 22230

Tony L. Mitchell
National Science Foundation
4201 Wilson Boulevard
Arlington, VA 22230

Earl D. Mitchell. Jr.
Oklahoma State University
408 Whitehurst
Stillwater. OK 74078

Arlene F. Modeste
The American Physical Society
One Physics Ellipse
College Park. MD 2074(1-3844

Abdul K. Mohamed
Jackson State University
P.O. Box 18750
Jackson. MS 39217

Paul B. Mohr
Alabama Commission on Higher
Education
3465 Norman Bridge Road
Montgomery. AL 36105-231(1

James A. Momoh
School of Electrical Engineering

loward University
2300 Sixth Street. NW
Washington. DC 20059

Mary J. Monfils
Brownsville Independent School District
19(1(1 East Price Road, #202C
Brownville. TX 78521

Andy Montez
Resource and Community Development
System /College Without Walls
Houston Community College
4310 Dunlavy
Houston. TX 77006

Jorge Montiagile
College of Physical Science. Engineering
and Technology
University of the District of Columbia
4200 Connecticut Avenue. NW Mail Box
4201

Washington, DC 20008

Lupe Montoya
Comprehensive Regional Centers
for Minorities Program
8026 South 12th Street
Phoenix, AZ 85040

Robert Moody
Normandy School District
7837 Natural Bridge Road
St. Louis. MO 63121

Carol Wood Moore
Sophie Davis School of Biomedical
Education
City University of New York Medical
School
Convent Avenue and 138th Street. Rm.
J919A
New York. NY 1(1(131

Leroy 0. Moore
University of Tennessee
at Memphis
790 Madison Avenue. Suite 317
Memphis. TN 38103

Samuel Moore
Office of the Dean
College of Engineering
University of Texas at Austin
[OE. ECJ 2.1(12
Austin. TX 78712-1080

Carlos E. Mora
New /Liven Public Schools
54 Meadow Street
New Haven. C'T 06519



Brigid J. Moran
State University of New York
at Stony Brook
7 Estate Court
Rocky Point. NY 11778

(iriselio P. Moranda
National Science Foundation
4201 Wilson Boulevard
Arlington. VA 22230

M. Patricia Morse
National Science Foundation
4201 Wilson Boulevard
Arlington. VA 22231)

Ida Mosby
University of Tennessee at Memphis
790 Madison Avenue. Suite 317
Memphis. TN 38103

Bob Moses
The Algebra Project, Inc.
99 Bishop Allen Drive
Cambridge. MA 02139

Reinique Mousseaux
SKILL Program
South Dakota School of Mines
and Technology
501 East St. Joseph Street
Rapid City., SC 57701-3995

Alfred Z. Msezane
Clark Atlanta University
James P. Brawley Drive
at Fair Street. SW
Atlanta. GA 3(1314

Tanis Mullins
Corporate and Community Relations
Office of Corporate and Community
Relations
George Mason University
Mail Stop 2D7
Fairfax. VA 2203(1-4444

Juanita Muniz-Torres
California State University
at Fresno
2220 East San Ranum
Fresno. CA 9374(1 -0094

Norman Munroe
Florida International University
Southwest 8th Street and 107th Avenue
Miami. FL 33199

Bruce I I. Munson
University of Minnesota
at Duluth
12(1 Montague hall
Duluth. MN 55812

Akundi N. Murty
Physics Department
Grambfing State University
Grambling. LA 71245

John A. Myers
Montebello Schools
4 Cardiff
Dove Canyon, ('A 92.674

Diana S. Natalicio
President
University of Texas
at El Paso
Administration Building. Room 500
El Paso, TX 79968-0511(1

Susana Navarro
El Paso C'ollaborative
for Academic Excellence
Education Building #415
El Paso. TX 79968

Carolyn Newsome
100 North Calhoun Street
Baltimore. MD 21223

Demet ri a Newsome
3117 Thorntield Road
Baltimore. MD 21207

Gary L. Nickerson
John E Kennedy I ligh School
Cleveland Public Schools
17100 !lanyard Avenue
Cleveland. 011 44128

Soronnadi Nnaji
FAMUTSU College of Engineering
Florida A&M University
Tallahassee. FL 32316-2175

Daniel 0. Nocera
Department of Chemistry
Michigan State University
East Lansing. MI 48824

Eric A. Noe
Department of Chemistry. J.S.U.
Jackson State University
P.O. Box 1791(1
Jackson. MS 39217-0510

Deborah A. Northcross
University of Tennessee
at Memphis
790 Madison Avenue. Suite 311
Memphis, TN 38103

Daopu T. Numbere
University of Missouri
at Rolla
119 McNutt /hill
Rolla. MO 654(11

Eleanor Nunn
North Carolina Biotechnology ('enter
15 T W. Alexander Drive
Research Triangle Park, NC' 27709-3547

Ahmad Nurriddin
District of Columbia Mathematics,
Science and Technology Coalition
700 Seventh Street, SW
Washington. DC 20(124

Tsitsi Nyika
College of Physical Science. Engineering
and 'technology
University of the District of Columbia
4200 Connecticut Avenue, NW, Mail Box
4201
Washington. l)(' 2(1(108
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Vincent O'Connor
Milwaukee Public Schools
P.O. Box 2181
5225 West Vliet Street
Milwaukee. WI 53201-2181

Mary Ellen O'Leary
Department of Mathematics
University of South Carolina
USC, Le Conte Room 402
Columbia, SC' 292(18

Joy A. O'Shields
Minority Engineering Program
University of South Florida
5202 East Fowler Avenue. ENB 118
Tampa. FL 33620

Thomas W. Odom
Grambling State Unkersity-
P.O. Box 544
Grambling. LA 71245

Andrzej Olbrot
Department EC'E
Wayne State University
5050 Wayne Drive
Detroit. MI 482112

Carolvnc B. Oliver
Prairie View A&M University
Box 397
Prairie View. TX 77446

Connie Oliver
Biotechnology Center
Fairmont Heights High School
1401 Nye Street
Capitol Heights. MD 20743

Ilenry D. Olsen
Medgar Evers College of the ('its
University of New York
1650 Bedford Avenue
Brooklyn. NY 11225

Kathy L. Olsen
National Science Foundation
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INQUIRIES

Questions not addressed in this publication may be directed to the Directorate for Education& Human Resources by writing to:
Diversity Conference Coordinator
Office of the Assistant Director
Directorate for Education and Human Resources
National Science Foundation
Room 805
4201 Wilson Boulevard
Arlington, VA 22230

The National Science Foundation (NSF) provides awards for research and education in thesciences and engineering. The awardee is wholly responsible for the conduct of such researchand projects and preparation of the results for publication. The Foundation, therefore, doesnot assume responsibility for such findings or their interpretation.

The Foundation welcomes proposals on behalf of all qualified scientists and engineers, andstrongly encourages women, minorities, and persons with disabilities to compete fully in anyof the research and research-related programs described in this document.
In accordance with Federal statutes and regulations and NSF policies, no person on thegrounds of race. color, age, sex, national origin, or disability shall be excluded from partici-pation in, denied the benefits of, or be subjected to discrimination under any program oractivity receiving financial assistance from the National Science Foundation.
Facilitation Awards for Scientists and Engineers with Disabilities provide funding for specialassistance or equipment to enable persons with disabilities (investigators and other staff,including student research assistants) to work on an NSF project. See the program announce-ment (NSF Publication 91-54), or contact the program coordinator in the Directorate forEducation and Human Resources. The telephone number is (703) 306-1636.

The Foundation has TDD (Telephonic Device for the Deaf) capability, which enables individ-uals with hearing impairment to communicate with the Division of Human Resource Manage-ment about NSF programs, employment, or general information. The telephone number is(703) 306-0090.

This document is a summary of a conference supported by the National Science Foundation.It contains remarks by guest speakers and conference participants, some of whom are notmembers of the NSF staff. Any opinions, conclusions or recommendations expressed by suchpersons are those of the authors and do not necessarily reflect the views of the National ScienceFoundation.
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