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Honorable Joseph Ada
Governcr of Guam
Agana, Guam 96910

Dear Governor Ada:

The Omnibus Trade and Competitiveness Act of 1988 calls for a
nationwide study of state technology extension services and for a
report of findings to the Congress along with recommendations on
an appropriate Federal Government role in encouraging such
programs. The study is being carried out by the Department of
Commerce's National Institute of Standards and Technology in
conjunction with the National Governors' Association (NGa).

The intent of the study is to document programs in your state
that are involved in reaching out to help small and medium-sized
businesses solve technical problems or to help them gain access
to new technology. The study will also focus on the degree to
which the officials administering these programs are aware of or
use Federal programs having similar goals. In addition to
meeting the Congressional mandate, the study will provide
information for the NGA Task Force on Research and Technology,
chaired by Governor John R. McKernan of Maine, which is examining
the state role in expanding U.S. markets by capitalizing on
emerging technologies. The Task Force is interested in
identifying state policies and programs aimed at promoting the
commercialization of new technologies.

A gquestionnaire requesting information on your state programs has
been sent to your designee to the NGA Working Group on State
Initiatives in Applied Research. Governor Dick Celeste of Ohio
has taken a lead role in focusing Governors' attention on science
and technology and the Working Group has been a very useful
resource. Therefore, we are asking the members of the Working
Group to serve as state coordinators, gathering data from the
various state agencies that provide technological assistance to
businesses.

We urge your support to assure that the study and the resulting
report to Congress accurately reflect your state initiatives.
Thank you very much for your cooperation.

Sincerely,
C. William Verity ;overnor Gerald L. Baliles
U.S. Secretary of Commerce Chairman, National Governors'
Association

cc: State Designee to the Working Group

75 Years Stimulating America’s Progress % 1913-1988
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Alabama

Mr. Fred Braswell, III

Director

Alabama Department of Economic
and Community Affairs

3465 Norman Bridge Road

Montgomery, AL 36105-0939

(205) 261-3572

Alaska
. Dr. Henry Cole

Special Assistant for

Science and Technology
Office of Management and Budget
Division of Policy
P.O0. Box A
Juneau, AK 99811

(907) 465-3568

Dr. John Ahlen

President

Arkansas Science and Technology
Authority

100 Main Street, Suite 450

Little Rock, AR 72201

(501) 371-3554

Mr. Kenneth Gibson
Executive Director
Department of Commerce
1121 L Street, Suite 600
Sacramento, CA 95814

(916) 332-1394
Fax: (916) 322-3524

Colorado
. Mr. Randy Harrison

Deputy Project Manager
Colorado SSC Project

One United Bank Building

1700 Lincoln Street, Suite 3720
Denver, CO 80203

(303) 839-3960

‘Dr. Jacod Goldman

President

Connecticut Academy of
Science and Engineering

c/o GB Energy Systems, Inc.

181 Main Street

Norwalk, CT 06851

(203) 846-0714
Fax: (203) 597=-9762

. Dr. Alfred J. Restaino
Executive Director

Governor's High Tech Task Force
802 French Street

Carvel Building

Wilmington, DE 19801

(302) 571-3202

Florida

. Mr. Ray Tannucci

Executive Director

Florida High Technology and
Industry Council

Room 501-=A, Collins Building

107 West Gaines Street

Tallahassee, FL 32399-2000

(904) 487-3134
Fax: (904) 487-0526




Georgia

-Mr. Thomas Lewis

Senior Executive Assistant
Offica of the Governor

201 State Capitol

Atlanta, GA 30334

(404) 656-6870

Guan

- Mr. Peter P. Leon Guerrero
Acting Director

Bureau of Planning

P.0. Box 2950

Agana, Guam 96510

(671) 472-4201

Hawaii

Mr. Carl Swanholn

Science and Technology Officer

Department of Business and
Economic Development

P.0O. Box 2359

Honolulu, HI 96804

(808) 548-8741
Fax: (808) 523-8637

Idaho

Mr. Richard Tremblay

Administrator

Division of Science and
Technology

Department of Commerce

Hall of Mirrors, 2nd Floor

700 Wast State

Boise, ID 83720

(208) 334-2470
Fax: (208) 334-2631

Illinois

Mr. John Straus

Executive Director

Governor's Commission on
Science and Technology

100 West Randolph Street

Suite 3-400

Chicago, IL 60601

(312) 917-3982
Fax: (312) 917-6732

Indjana
Mr. Steven Gage

President

Indiana Corporation for
Science and Technology

One North Capitol

Suite 925

Indianapolis, IN 46204-2242

(317) 635-3058
Fax: (317) 232-4146

lowa

Mr. Doug Getter

Bureau Chief

Business/Targeted Small
Business Development

Iowa Department of Econonmic
Development

200 E. Grand Avenue

Des Moines, IA 50309

(515) 281-3036
Fax: (515) 281-6611

Kansas

Mr. William Brundage

President

Kansas Technology Enterprise
Corporation (KTEC)

400 Southwest 8th Street

5th Floor

Topeka, KS 66603

(913) 296-5272
Fax: (913) 296-5055



Kentucky

Mr. William Lomicka
Sacretary

Commarce Cabineat
Capitel Plaza Tower
24th Floor
Frankfort, KY 40601

(502) 564=7670
Fax: (502) 564~3256

Maine

Ms. Patricia Tanski

Executive Director

Maine Science and
Technology Board

One Mamorial Circle

Augusta, ME 04330

(207) 622-6345

Maryland

Mr. James Peiffer

Director

Business and Industrial
Development

Department of Economic and
Employment Develcpment

45 Calvert Street

Annapolis, MD 21401

(301) 974-38514
Fax: (301) 974-2628

Ms. Megan Jones

Executive Director

Massachusetts Centers of
Excellence Corporation

9 Part Street

Boston, MA 02108

(617) 727-49529

Dr. James Kenworthy
Manager, Research and
Technology Programs
Michigan Strategic Fund
Michigan Dept. of Commerce
Law Building, Third Floor
525 West Ottawa
Lansing, MI 48933

(517) 373-7550

Ms. Beverly Jones

Executive Director

Office of Science and
Tachnology

900 American Center Building

150 E. Kellogg Boulavard

St. Paul, MN 55101

(612) 297-4368
Fax: (612) 297-4367

Missiseippi

Mr. JameS Reidy

Chairman

Department of Physics
University of Mississippi
University, MS 38677

(601) 232-5322

Missouri

Mr. John Johnson

Executive Director

Missouri Corporation for
Science and Technology

High Technology Program

P.O. Box 118

Jefferson City, MO 65102

(314) 751-3906
Fax: (314) 751-5183




Montana

Mr. Samuel Hubbarad

Executive Director

Montana Science and Technology
Alliance

46 N. Last Chance Gulch

Suite 2B

Helena, MT 59620

(406) 449-2778
Fax: (406) 444-2808

Nevada
Mr. Andrew Grose

Executive Director

Commission on Economic
Development

Capitol Complex

Carson City, NV 89710

(702) 885-4325

N

Mr. Wallace E. Stickney

Commissioner

New Hampeghire Department cof
Transportation

John 0. Morton Building

Hazen Drive

Concord, NH 03301

(603) 271-3734

New Jersey

Mr. Edward Cohen

Executive Director

New Jersey Commission on
Science and Technology

122 West State St. CN=-832

Trenton, NJ 08625-0832

(609) 633-2740
Fax: (609) 292~5920

New Mexico

Mr. John Dendahl

Secretary

Economic Development and
Tourism Department

Joseph Montoya Building

1100 st. Francis Drive

Sante Fa, NM 87503

(505) 827-0381
Fax: (505) 827-0407

New York

Mr. H. Graham Jones

Executive Director

New York State Science and
Technology Foundation

99 Washington Avenue

Suite 1730

Albany, NY 12210

(518) 474-4348

Dr. Earl MacCormac
Exscutive Director
North Carolina Beoard of
Science and Technology
Office of the Governor
116 Wesat Jones Streat
Raleigh, NC 27611

(919) 733-5811
Fax: (919) 733-5166

Dr. Don Mathsen

Associate Dean

School of Engineering and Mines
University of North Dakota

213 Harrington Hall

University Station

P.0O. Box 8103

Grand Forks, ND 58202

(701) 777-=3132
Fax: (701) 777-5181




c¢hio

Mr. Christopher Coburn

Science and Technology
Advisor

Office of the Governor

65 E. State Straat

Suite 200

Columbus, OH 43266-0330

(614} 466~-3086
Fax: (614) 644-5758

Qklahoma

Dr. Carolyn Wendel Smith

Interim President .

Oklahoma Center for Advancenment
of Science and Technology

6601 Broadway Extension

Oklahoma City, OK 73116

(405) 841-5139

oregon

Dr. S. John Owen

Chairman

Department of Electrical and
Computer Engineering

Oregon State University

Corvallis, OR 97331

(503) 754-3617

Pennsylvania

Mr. Jacques Koppel
Executive Director

Ben Franklin Partnership
464 Forum Building
Harrisburg, PA 17120

(717) 787-4147
Fax: (717) 234-4560

Puerto Rico

Mr. William Ocasio

Executive Director

Governor's Economic Advisory
Council

Commonwealth of Puerto Rico

P.O. Box 42001

San Juan, PR 00940-2001

(809) 722-8660
Fax: (809) 726-1440

Rhode Igland

Mr. Bruce Lang

Executive Director

Rhode Island Partnership for
Science and Technology

7 Jackson Walkway

Providence, RI 02903

(401) 277=2601
Fax: (401) 277-2102

Dr. Robert Henderson

Executive Director

South Carolina Research
Authority

P.0O. Box 12025

Columbia, SC 29211

(803) 799-4070
Fax: (803) 252-7642

South Dakota

Dr. Ernest Buckley

Special Advisor to the
Board of Regents

Kneip Building

Plerre, SD 57501

(605) 773=3455



Dr. John Crothers

Director

High Technology Development
Division

Department of Economic and
Community Development

320 sth Avenue North

Rachel Jackson Building

éth Floor

Nashville, TN 37219-5308

(615) 741-5070

Texag

Mr. Richard Thomas
Director of State Affairs
Office of the Governor
State of Texas

P.0O. Box 13561

Austin, TX 78711

(512) 463-1814

Utah

Br. Randy Hoon

Science Advisor

State of Utah

Office of Planning and Budget
116 state Capitol

Salt Lake City, UT 84114

(801) 538-1038
Fax: (801) 533-5231

Y

Mr. Elbert Moulton

Secratary

Agency of Development and
Community Affairs

109 State Street

Montpelier, VT 05602

(802) 828-3211

v

Dr. Barry Holt

Director for Technology
Commercialization

Center for Innovative

Technology

The Hallmark Building

13873 Park Center Road

Suite 201

Herndon, VA 22071

(703) 689-3020

v

Dr. Darshan Padda

Vice President for Research
and Land-Grant Programs

University of the Virgin
Islands

RR #2, Box 10,000

Kingshill, St. Croix

U.S. Virgin Islands 00850

(809) 778-0246
Fax: (608) 267-2829

H

Mr. John Smolak, III
Assistant Director
Industrial Development

Governor's Office of Community

and Industrial Development
Building 6, Room B-517
State Capitol Complex
Charleston, WV 25305

(304) 348-2234
Fax: (304) 348-8887



W

Dr. Rolf Wegenke

Administrator

Division of Economic and
Community Development

Wisconsin Dept. of Development

123 West Washington Avenue

P.Q. Box 7970

Madison, WI 53707

(608) 266-3203
Fax: (608) 267-2829

Wyoming

Dr. James Speight

Chief Scientific officer/
Executive Vice President

Western Research Institute

P.O. Box 3385

University station

Laramie, WY 82071

(307) 721=-2209




The following states do not have official representatives on the NGA
Working Group on State Initiatives in Applied Research. The survey
form was sent to the following people.

ARIZONA

Karen Scates

Intergovernmental Representative
Governor's Office

State House

Phoenix, Arizona 85007

LOUISIANA

Len Sanderson

Chief of Staff

Governor's Office

P.O. Box 94004

Baton Rouge, Louisiana 70804

NEBRASKA

Huston Carlyle

Chief of Staff
Governor's Office
State Capitol

Lincoln, Nebraska 68509

WASHINGTON

Jim Brickner

Senior Staff Consultant
Office of Financial Management
100 Insurance Building

MS: AQ-44

Olympia, Washington 98504



STATE OF OHIO
OFFICE OF THE GOVERNOR
COLUMBUS 43266-0601

RICHARD F CELESTE
GOVERNOR

MEMORANDUM

TO: NGA Working Group on State Initiatives in Applied Research
FM: Chris Coburn
DT: September 15, 1988

RE: Enclosed Documents

This packet contains information from our last NGA Working Group
meeting and materials for our next meeting which will be held on
September 29-30, 1988, in Washington, D.C.

The proceedings of our last meeting are bound in the enclosed
document. Presentations were summarized either in the form of
minutes or, in most cases, as reproductions of speakers'
overheads and papers.

The second item is a copy of a letter that was sent from Governor
Richard F. Celeste to your governor on June 14, 1988, encouraging
your state's participation in the Federal Demonstration Project.
As you will recall, the purpose of this project is to reduce
bureaucratic red tape in the administration of research grants at
U.S. universities,

For discussion at our next meeting, I have enclosed a summary of
a draft proposed agreement between the Working Group and the
National Science Foundation regarding ways to share Science and
Technology Center proposal evaluations with.the states. The
subcommittee which was formed at our last meeting did an
excellent job developing this agreement. Please look it over. A
discussion on the proposal will be held during our meeting on
Thursday, September 29, in the afternoon.

As a reminder, the meeting will be held in room 543 of the
National Science Foundation building. If you have not already
made your hotel reservation, the enclosed list of hotels are
within walking distance of the NSF.

I look forward to seeing you on September 29.



MECHANISMS TO INCREASE NSF/STATE COORDINATION
AND COLLABORATION IN SCIENCE AND TECHNOLOGY CENTERS

As part of a broader effort to increase coordination and
collaboration between the States and the National Science
Foundation, this document outlines mechanisms to ensure optimal
use is made of the information gleaned during the review of
proposals submitted to NSF's Science and Technology Research
Centers (STC) Program.

Background:

There has been a significant increase over the past five years in
both Federal and State investments in university-based organized
research units {(centers and institutes). At times State and
Federal efforts have been well coordinated; at times they have
not. Included among the costs of poor coordination has been
duplication of effort in reviewing the same proposal sent to both
Federal and State agencies. As NSF is completing the review of
the first set of proposals submitted to its STC Program, we see a
major opportunity to capitalize on that review process -- to
maximize support for the best proposals and to minimize
duplication of review efforts.

Assumptions:

o NSF and the States share interests in promoting science,
engineering, and technology research. The specifics of
their interests, however, are not fully congruent.
Therefore, NSF and the States will by necessity differ at
times in which activities or fields they wish to support,
even if everyone agrees on the absolute guality level of
particular proposals.

o Tremendsus effort and expense will have been expended in
reviewing proposals submitted to NSF's STC Program, and much
information will have been collected about specific
proposals. NSF's sharing this information with the States
could save a tremendous amount of duplicate effort.

o The major impediment to immediately sharing the outcome of
the NSF STC review process is NSF's need to protect the
confidentiality of proposers and proposals. Therefore,
permission would have to be secured from proposers to share
information about their proposals.



The Mechanism:

Step 1: States will have the option to remove themselves from
the 1ist for receiving information on the top (30%) STC
proposals.

Step 2: Except for those states that have excluded themselves
per step 1, NSF will contact the Principal Investigators (PIs) of
all proposals rated in the top 30%, seeking permission to include
their names, telephone numbers, and proposal titles on a list to
be sent to the members of the NGA Working Group on State
Initiatives in Applied Research and other potentional
supporters.

When the NSF contacts the Pis (in writing), it will make clear
that this process is to better insure the coordination of state
and federal science and technology investments. There is no
guarantee or expectation that states will be prepared to fund any
of these proposals or future iterations of these proposals.

The NGA Working Group on State Initiatives in Applied Research
will coordinate the transmittal of the list of PIs and proposal
titles to the states. The state representative on the Working
Group will receive this information unless the state identifies
another individual to be the contact person. That individual is
responsible for contacting the PI and for keeping copies of
reviews received from the PI confidential, consistent with
federal and state law.

With the identity of the reviewer removed, NSF peer reviews are
automatically sent to the PI who has the discretion of providing
them to the state representative.

Step 3: State officials will be responsible for contacting the
PIs for further discussion or negotiation if they so choose. In
the case of multistate STC proposals, the representative from the
PI's state will be responsible for coordinating with his/her
counterpart in other states that are major elements of the
proposals.



-=- Additional Suggestions --

HOTELS IN WASHINGTON, D.C.

The following hotels are within a 15 minute walk of the National
Science Foundation:

Government Rates

Single Double
Lombardy $75.00 $95.00
2019 I Street, N.W.
202/828-2600
State Plaza $75.00 N/A
2117 E Street, N.W
202/861-8200
Hampshire Hotel $75.00 $85.00

1310 New Hampshire Ave, N.W.
202/296-7600



STATE OF OHIO
OFFICE OF THE GOVERNOR
COLUMBUS 43266-0601

RICHARD F. CELESTE
GOVERNOR

June 14, 1988

The Honorable Joseph F. Ada
Governor

Territory of Guam

Office of the Governor
Agana, Guam 96810

Dear Governor Ada:

We have all been concerned with finding ways to enhance the
environment for research within our universities, Aas Lead
Governor for Science and Technology at the National Governors'
Association, I write to ask you to take the leadership within
your state to promote a federal activity designed to improve
procedures for administering university research. This effort is
consistent with the NGA's policy to increase governmental
efficiency.

Federal agencies are now requesting proposals from universities
on ways to eliminate unnecessary administrative burdens on
sponsored research, thereby enhancing research productivity. A
description of the program, called the Florida Demonstration
Project, is enclosed. Proposals will be judged, in part, on a
plan by the institution to improve its internal administrative
procedures for research programs.

Over the past two years, federal R & D agencies joined with the
Florida State University System and the University of Miami to
demonstrate standardized and simplified approaches to the
administration of sponsored research. As indicated in the
attached memorandum from the Office of Management and Budget, all
agencies now have the authority to use these simplified
procedures in supporting research at colleges and universities
throughout the United States.

I am urging each governor to bring together appropriate state and
university officials to explore ways to improve state policies.
In this way, you can build on the efforts already underway at the
federal level. Since the due date for proposals is July 15,
prompt action will be necessary.



Page 2

The conduct of research in our universities will benefit from the
improved procedures already implemented. The full benefit will
come, however, only if federal requirements are extended and are
accompanied by comparable changes at the state level. I
encourage you to direct attention to this issue by using the
Florida Demonstration Project as a model for action in your
state.

Best regards,

-

RIC D F. CELESTE
Governor

Enclosures



EXECUTIVE OFFICE OF THE PRESIDENT
OFFICE OF MANAGEMENT AND BUDGET
WASHINGTON. D C 20803

May 18, 1988

M-88- 20

MEMORANDUM FOR THE HEADS OF EXECUTIVE DEP NTS AND
ESTABLISHMENTS

FROM: Joseph R. Wright, Jr.
Deputy Director 7

SUBJECT: Eliminating Un sary Administrative Burden on

Spensored Rese 59

This memorandum provides guidance and instructions to reduce
unnecessary administrative burden on sponsored research and to
re-establish the Interagency Assessment Committee to oversee the

Florida Demonstration Project to reduce overhead costs and
increase research productivity.

The Federal Government has streamlined the administration of
sponsored research through issuance of the Office of Management
and Budget (OMB) Circulars A-21, "Cost Principles for
Institutions of Higher Education,®” and A-110, "Grants and
Agreements with Institutions of Higher Education, Hospitals and
Other Non-profit Organizations." Nevertheless, grant accounting
and administration remain relatively complex for a number of
reasons, including the Federal Government's need to ensure public
accountability and the financial pressures on universities to
recoup all of the indirect costs associated with research.
Overhead costs have gone up and productivity has gone down.

In March 1986, five agencies began the Florida Demonstration
Project to see if this trend could be reversed. 1In March 1988,
the Presidential Task Force on Regulatory Relief approved the
expansion of the Project, beginning October 1, 1988, to include
research contracts as well as grants, and to include universities
and research facilities outside of Florida.

Agencies which sponsor research are authorized to make
routine use, as appropriate, of the most successful subset of the
Demonstration procedures:

1. Waive most cost related and other administrative "prior
approvals" required by OMB Circulars A-21 and A-110,
except actions which change the scope or objective of a
project, change key personnel, require additional

funding, or where specifically required in the award
instrument.



2. Au-horize grantees to incur pre-award costs at their
own risk.

3. Authorize grantees the authority to initiate a one-time
no-cost extension of up to 12 months.

4, Authorize grantees to carry forward unobligated
balances to subsequent funding periods without prior
agency approval.

Agencies will report to OMB by January 1, 1989, on
experience using these procedures.

The Departments of Agriculture, Defense, Energy, and Health
and Human Services, and the National Science Foundation will
continue a Phase II of the Demonstration Project. Other Federal
agencies are encouraged to participate as well.

The Interagency Assessment Committee composed of the senior
policy officials of the participating agencies will continue to
provide general guidance and oversight. Dr. William Raub, Deputy
Director, National Institutes of Health, will continue as chair
and periodically report to OMB on the progress of the
Demonstration and those developments that affect government-wide
policy. 1Invitations will be extended to the President's Council
for Management Improvement (PCMI), the President's Council for
Integrity and Efficiency (PCIE) and the Chief Financial Officers
(CFO) Council to provide ex-officio representation to the
Interagency Assessment Committee.

The institutions currently in the Demonstration (the nine
campuses in the State of Florida system and the University of
Miami) will continue. The five institutions that participated in
the ancillary costs studies (University of california, Columbia
University, Johns Hopkins University, State University of New
York, and the University of Virginia) will be eligible as well.
Each of these institutions will specify their plans and
methodology for continued participation.

An additional 10-15 university participants will be selected
on a nationally competitive basis. Proposals will be due by July
l and evaluation and selection by the Interagency Assessment
Committee completed by September 1, 1988. The proposals must
specify the area or topic for study, the methodology and
evaluation criteria, including measurements for <research
productivity and costs savings.

For further information, contact Jonathan Breul, Financial
Management Division, at 395-3050.
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NATIONAL SCIENCE FOUNDATION

The Federal Demonstration Project
{Formeriy the Florida Demonstration
Project); Phase il Solicitation

AGENCIES: National Science Foundation,
National Institutes of Health, Office of
Naval Research, Department of Energy,
and Department of Agriculture.

ACTION: Notice.

e —

SuMMARY: This Notice announces a
solicitation to select organizations to
participate in a Federal Demonstration
Project (FDP) to eliminate unnecessary
administrative burdens on sponsored
research, thereby enhancing rasearch

productivity. The FDP constitutes Phase

11 of the current Flotida Demonstration
Project.

oaTEs: Evaluation and selection of
organizations will be completed about
August 15, 1988. Project organization
and execution of Phase Il agreements
will ba completad about October 1, 1988.
FOR FURTHER INFORMATION CONTACT:
Ceoffrey Grant. National Institutes of
Henlth, 301—498-5967; William Kirby,
National Science Foundation, 202-<357-
7880, Charles Paoletti, Office of Naval
Research, 202-886—4601: Edward Sharp.
Department of Energy, 202-588-8192: or
Lyn Zimmerman, Department of
Agriculture, 202-382-1304,
SUPPLEMENTARY INFORMATION:

Background

In April 1986 NIH, NSF, DOE. ONR.
and USDA joined with the Florida State
University System and the University of
Miami in a demonstration of a standard
and simplified research support
instrument.

The demonstration was developed by
Federal officials with the
encouragement of the Government-
University-Industry Research
Roundtable of the National Academy of
Sciences.

The demonstration s testing the
efficacy of standardizing and simplifying
most Federal grant financial and
administrative requirements as a means
of enhancing research productivity and
reducing administrative burden for
Federal agencies and grantees.

The standard research grant being
tested differs from the grants issued by
most Federal agencies by eliminating
most of the current requirements for
Federal prior approval of certain
expenditure items (foreign travel,
permanen! equipment, etc.) as long as
pertinent grantee administrative
systems are adequats. The terms of the
Florida Demonstration Project also
allow grantees the authorily to incur
pre-award costs up to 90 days before the
effective date of the grant and to extend
the period of the grant, if necessary,
without Federal approval. Grantees may
also determine that all Federally
supported research of individual PT's is

-scientifically related and. if so, may

charge available Federa] funds to
accomplish the work supparted by each
agency in the most effective way
without detailed justifications of such
allocations now required by Federal
regulations, The Federal agencies
continue to approve changes in the
scopa of the research or of the Principal
Investigator,

Based on extensive review of the
resuits of the project to date, an
Interagency Assessmeni Committes

recommended 10 the Office of .
Management and Budget that all
research agencies be authorized to make
routineg use of most of the abova features’
and that the Demonstration be
continued with an enlarged scupe and
broader participation. On May 18, OMB
issued a memorandum to all agencies
making these authorities available for
all agencies to apply to many research
awardees, including contractors. The
following solication is intended to
implement the recommendation that the
Demonstration ba continued in an
expanded form.

Purposa and Scope

The purpose of this solicitation is to
provide a mechanism to expand the
scope of the Florida Demonstration
Project and to broaden participation in
demonstration activities.

Phase U will have the following basic
purposes:

1. To refine and test further certain
features of the Florida Demonstration
Project.

2, To identify and test or review new
features,

3. To serve as tha basis for the
continued development of a model
policy for the administration of all
fundamental research and related
awards. | :

4, To serve as a catalyst for awardee
organizations and state government
participation in reducing unnecassary ar
redundant internal and state systems
administrative burden.

5. To examine the potential eifects of
administrative requirements on research
productivity and/or costs.

Eligibility and Composition of Pkass I

This solicitation Is opén to all
organizations which perform or
administer Federally sponsored
research, or recognized representatives
of such organizationa. Up to 20
orzanizations may be selected. Those
organizations that participated in Phase
1 that submit proposals and wish to
participate under the same conditions
outlined {n this solicitation for Phase II
will be included.

The selection or organizations is
intended ta be broadly representative of
the research community, including
primarily large and small public and
private colleges and universities, and
also possibly predominantly .
undergraduate inatitutions, non-profit
research institutions, hospitals, and
profit-making organizations. However,
no commitment is made to select either °
a minimum number of o tions or
o ensure represantation by every

-
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organizalion type or olher
charactenstics.

Participation Conditions

As a condition for participation in
I'huse I, the selected organizations will
be required to agree to the foilowing
conditions:

1. To participate fully in the
development and demonstration of
Phase Il activities: and in subsequent
review and communication of Phase [l
results to appropriate officials and
audiences.

2. To accept the General Terms and
Conditions governing the current Florida
Demonstration project, as revised for
Phase II

3. To conduct an assessment of its
own internal systems and o report on
and undertake appropriate
nrganizational changes (including
review and approval at organization
system or state/lccal levels) to impruve
administrative aystems by raducing
unnecessary and redundant
requirements.

4. To assess or measure actual ur
potential impact of changes on research
productivity.

5. To defray the costs of parlicipation
without special awards or funding from
the nurticipating Federal agencies,

Selection Criteria

1. Proposed approach(es) to
addressing required Phase ] activilies.
including methodologies for assessing
the impact of administrative changes on
rescarch productivity.

2. Evidence of organizationul and top
management commitment to full
participation in Phase I

3. Organization's propased approach
to its own internal systems asacssment,
including evidence of appropriate state
sysinm of agency agreement {a engage
in these or corresponding aussessments.

4. Evidence of experience and
leadership in improving reseurch
administration.

{n addition to the above, equally
weighted criteriu, considerstion will be
given to achieving an appropriate
representation of organizations,
including organization type, size, extent
of research support, geographic locatiorn.
etc.

Evaluation of Proposals and Selection
Proceas

Evaluation of proposuls will be
rarried cut by a panel comprised of
Feders! agency officials and
representatives of the research
community convened by the
Governmeat-University-Industry
Rasearch Roundtable {GUIRR). The
panel will make its recommendations to

an [nteragency Assessment Committee.
comprised of representatives of
participating Federal agencies for final
selection.

Organization of Phase 11

Phase {I will be organized around
several major core activities and issues
which will be addressed oy the
participating organizations and
agencies. The emphasis of these
activities will be on examining
administralive requirements and
processes which directly impact
research productivity. The Federal
agencies, in cooperation with the
selected orgamizations, will assess

olicies and operational issues in the
core areas: select appropriate issues for
demonstration or testing purposes;
develop demonstration protocol and be
the focal point for carrying out the
activity and evaluating its results,
Sclected organizatians must be involved
in a!l the core areas. While the focus of
the Phase Il activities will be on Federal
requirements and processes, selected
organizations will be expected lo make
corresponding changes in internal
systems, where appropriate and
consistent with prudent stewardship of
Feceral or institutional resources.

Phase Il Activilies

The following care areas will be
included in Phase IL

1. Terms. Conditions, and Award
Insiruments

The standard terms and conditions
gcverning the original Flarida
Demonstration Project will be refined
and modified, with particular emphasis
on the issues of project relatedness. data
rights and copyrightable materials. and
issues related to different types of
awird instruments (grants. contracts,
cooperative agreements). It is intended
that, prior to the commencement of
Phase 11, the parties will ratify standard
terms and conditions which will goven
bath the Phase II participation and
awards made during Phase IL The
period of the Phase II agreements will
extend for 24 months,

2. Application Process

Issues pertaining to the administrative
burden associated with the application
proress will be explored, with particular
emphasis on the time, effort and
paperwork required to comply with
Federsl application requirements. The
goals of this core area will be to simplify
the process for non-competing
applications and funding and to develop
uniform protocol and formats for
application materials and electronic
submisaion,

3. Reporting Reguirements

Isyues pertaining to the administrative
burden associated with technical and
financial reporting requirmenets will be
explored. The focus of this core area
will include contents of reports.
standardization. and frequency, and
electronic submission.

4. Audit Requirements

Alternatives to existing audit and
systems review processes 4s a mieans of
assuring approptiate accountability and
proper stewardship of Federal funds will
be explored.

Other Arcas

In addition to the above core areas.
selecled organizations and participating
agencies may agree to pursue acdditional
administrative issues, including more
limited studies and demonstrations
which may not involve all participants.
Examples of such activities could
include developing standard
cernfications and assurances,
addressing indirect cost negotiation and
reimbursement issues, reviewing
payment processes, etc.

What to Submit

Proposing organizations must submit
fifteen (13) copies cf a brief proposal
[nol to exceed S pages| which covers the
fellowing: .

1. Phase Ul Narrative

A narrative describing: (i) the primary
areas of organizational and staff
expertise which the proposer would
contribute to Phase II. with particular
emphasis on the core activities; (ii}
suggested approaches for addreasing
those areas: {iii) other suggested subject
areas and features: (iv) expected
benefits to organization and research
cammunity of organization’s
participation, including suggestad
metheds or approaches for assessing the
impact of changes on research
productivity.

2. Commitment/Responsihbility

A section indicating the organizatiun’s
top management and working level
willingness and commitment to fully
participate in the Phase ([ activities.
This discuasion should also identify the
person who will be responsible for
coordinating the organization’s
participation and their qualifications. In
the case of organizations representing
university aystems. a single contact is
required.

3. Internal Systems Review

A brief description of what and how
the organization would reveiw ils
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internal systems and make or .
recommend changes. In the case of state
hutltudun:. how they will also .:kth
review and appropriats changes [
sysiem or stata lavels and evidenca of
appropriate stats agency agreement to
engage in such reviews.

4. Experience

A description of the argamization’s
and its staff's axperience and
contributions in the area of sponsored
research management.

5. Organization Profile

A brief summary of the organization's
characteristics: type of institution/
organization, size, Federal RaD funding
for FY 85-87, by year and funding
agency, etc,

Proposal Submissica and-Deadlines

Fiflesn {15) copies of the
organization’s proposal mast be
received by C.O.B. July 15, 1988 at:
Government—University—Industry,
Reasearch Roundtable, National
Academy of Sciences, National
Academy of Engineering, Institute of
Medicine. 2101 Constitution Avenue
NW., Washington, DC 20418. Attention:
FDP. :

Selection and Schedule

Evaluation and selection of
orgaruzations will be completed about
August 15, 1988, '

Project organization and execution of
Phase 1l agreements will be completed
about October 1. 1988,

(OMB No. 3145-0080)
William 8. Kirby,

Head, Policy Office. Division of Grants and _
€ wmtracts. Nationa! Science Foundation

[FR Doc. 88-12820 Filed 6-3-86; 10:11 am|
BULLING COOR T85M-01-28
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Montgomery, AL 36105-0939

(205) 261-3572
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100 Main Street, Suite 450

Little Rock, AR 72201

(501) 371-3554

California

Mr. Kenneth Gibson
Executive Director
Department of Commerce
1121 L Street, Suite 600
Sacramento, CA 95814

(916) 332-1394
Fax: (916) 322-3524

Colorado

Mr. Randy Harrison

Deputy Project Manager

Colorado SSC Project

One United Bank Building

1700 Lincoln Street, Suite 3720
Denver, CO B0203

(303) 839-3960

Connecticut

Dr. Jacob Goldman

President

Connecticut Academy of
Science and Engineering

c/o GB Energy Systems, Inc.

181 Main Street

Norwalk, CT 06851

(203) 846-0714

Fax: (203) 597-9762
Delaware
Mr. Donald Sullivan
Director

Business Development
Delaware Development Office
99 Kings Highway

Dover, DE 19903

736-4271
(302) 736=-3491

{302)
Fax:

Florid
Mr. Ray Tannucci

Executive Director

Florida High Technoleogy and
Industry Council

Room 501-A, Collins Building

107 West Gaines Street

Tallahassee, FL 32399=2000

(904) 487-3134
Fax: (904) 487-0526
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Fax: (208) 334-2631

Illinois
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Fax: (312) 917-6732
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President
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Business Development
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Mr. William Brundage
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Fax: (502) 564-3256

Maine

Ms. Patricia Tanski

Executive Director
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Massachusgetts
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Program

Fifth Meeting of the
National Governors' Association

Working Group on State Initiatives in Applied Research

April 28 - 29, 1988
Washington, D.C.

THURSDAY, APRIL 28, 1 Room 211, Hall of the States

8:30am - 2:00am

9:00am - 9:15am

9:15am - 10:45am

10:45am - 11:45am

11:45am - 1:00pm

1:00pm - 2:00pm

2:00pm - 2:30pm

2:30pm - 5:00pm

444 N. Capitol Street, NW
Registration and Coffee

Opening Remarks by Chris Coburn, Science and Technology Advisor
to Ohio Governor Richard F. Celeste

Updates on States’ Program Evaluation Strategies

Michigan Strategic Fund
Jamie Kenworthy, Manager, Research and Technology Programs

New York State Science and Technology Foundation
Graham Jones, Executive Director

Ohio’s Thomas Edison Program
Chris Coburn, Executive Director

Evaluation Methods Used for the NSF Engineering Research Centers
Program and Update on NSF Science and Technology Centers
Program

Dr. Alan Leshner, Director, National Science Foundation Office of
Science and Technology Centers Development

Break for Lunch
Hollings Centers Competition

Dr. Don Johnson, Director, Industrial Technology Services
National Bureau of Standards

Status of Key R & D Issues in the Federal Budget: An Overview

Dr. Kenneth Wilson, Nobel Laureate in Physics, 1982

The National Science Foundation

Mr. Raymond Bye, Director, Office of Legislative and Public Affairs,

National Science Foundation, "Overview of NSF Activities and
Budget"



5:00pm - 7:30pm

Break

Dr. Charles Brownstein, Assistant Director, Directorate for Computer
and Information Science and Engineering, "Advanced Scientific
Computing and Networking”

Dr. Bassam Shakhashiri, Assistant Director for Science and
Engineering Education, "Efforts in Science and Technology
Education”

Ms. Margaret Grucza, Study Director, Government Studies Group
Division of Science Resources Studies

Reception: The Monocle on Capitol Hill,
107 D Street, N.W.

Invited guests included selected Congressional staff, former speakers,
federal R & D agency leaders and foreign science attaches.

FRIDAY, APRIL 29, 1988 Room 211, Hall of the States

9:00am - %:15am

9:15am - 10:15am

10:15am - 11:15am

11:15am - 11:30am

11:30am - 12:00pm

12:00pm - 1:00pm

Coffee

Enhancing the Economic Qutput of the Federal Laboratories: New
Initiatives

Mr. Norm Peterson, Strategic Planning Group, Argonne National
Laboratory, "Overview of Technology Transfer Legislation and
Programs”

Mr. Ray Gilbert, Manager, Applications Engineering at the National
Aeronautics and Space Administration, Technology Utilization
Division

Foreign Trade Opportenities for State Technology Programs

Dr. Robert Yuan, Senior Advisor in Biotechnology to the U.S.
International Trade Administration and Professor of Microbiology at
the University of Maryland, College Park

Break

NGA Committee on Economic Development and Technological
Innovation - Announcements

Mr. Richard Geltman, Staff Director

Future NGA Policy Recommendations/Activities: Open Discussion and
Wrap Up



INTRODUCTION

Christopher M. Coburn
Science and Technology Advisor
to Ohio Governor Richard F. Celeste



August 29, 1988
Dear Working Group Member:

In late 1985, the National Governors' Association, having
served as a forum for cooperation, interaction, and debate
between the states for the past seventy-five years, established a
Working Group on State Initiatives in Applied Research.

The group has met biannually since May of 1986 to share
experiences and to discuss federal science and technology issues
and legislation affecting the states. Meetings have focused on a
wide range of topics and issues, ranging from federal initiatives
to specific concerns at the state level.

In total, sixteen states have made presentations on various
aspects of program design and development during the last five
meetings. The group has also been briefed by and exchanged
information with over seventeen federal programs, three
international associations and ten U.S. Senators, Congressmen and
their staffs. Private groups and individuals who are actively
affecting national science policy and state science and
technology activities have also participated at previous
meetings.

This book is a compilation of the proceedings of the last
meeting which was held on April 28-29, 1988, in Washington, D.C.

Nationally, there is a growing recocgnition that investments
in science are necessary for long-~term economic growth. States
are committing significant resources to science in the context of
a balanced, long-term plan. The Working Group lies at the point
of intersection between the Federal research complex and state
science and technology programs.

Future meetings will produce practical recommendations for
cocperation. The first step is to ensure that the next
administration becomes a partner with the states. Federal R&D
programs direct enormous scientific resources that the states can
draw upon, given the opportunity.



Second, the next administration must be directed to draw
state science and technology programs into any national effort to
increase U.S. global economic strength. States have learned the
lessons -- economic competitiveness initiatives are a successful
reality in the states and not just a promise of some action in
the future. Together, the federal and state governments can
implement a true national effort to increase America's econonmic
competitiveness.

This agenda for cooperation will be the focus of ocur sixth
meeting which will be held in Washington, D.C. on September
29-30, 1988. I hope you can attend.

Sincerely, Z\ O\

Christophe . Coburn
Science and Technology Advisor to
Ohio Governor Richard F. Celeste



SUMMARY OF PREVIOQUS MEETINGS

The first meeting of the Working Group on State Initiatives
in Applied Research was held in Washington D.C. on May 12-13,
1986. Structured around many informal panel sessions, discussion
was focused on an agenda created by the participating states.

The Working Group also touched on the need for better interaction
between the federal government and the states.

At the end of the first meeting, the Working Group
recommended that the National Governors' Association (NGA) pass a
resolution supporting the reauthorization of the Small Business
Innovation Research (SBIR) program, and that NGA's Center for
Policy Research apply for funding from the National Science
Foundation (NSF) for research on state science and technology
programs. Both of these 'activities were implemented.

The second meeting of the Working Group was held in
Washington on September 29-30, 1987. Highlights of this meeting
included a presentation by the Science Counselor to French
President Francois Mitterand on a new European Economic Community
high technology group, a report on the SBIR Program by
Congressman Nicholas Mavroules, Chair of the House Small Business
Oversight Subcommittee, and a presentation on the process of
innovation and the states.

The third meeting of the Working Group on State Initiatives
in Applied Research was held on April 8-9, 1987. The Working
Group produced another policy resolution on Increased Cooperation
between Federal Competitiveness Programs and State Applied
Research Initiatives which was adopted by the nation's governors
at the NGA's annual meeting.

Discussions were also held on the proposed Superconducting
Super Collider (SSC) and the National Center for Manufacturing
Sciences (NCMS). Representatives Buddy MacKay and George Brown
also talked about national economic competitiveness strategies
and the role of state science and technology programs in economic
development.

The fourth meeting of the Working Group was held on
September 28-29, 1987. Competitiveness was the dominant theme.
Claudine Schneider, Co-chair of the Congressional Competitiveness
Caucus, spoke along with two Congressional staff members
representing both the House Science, Space and Technology
Committee and the Senate Commerce, Science and Transportation
Committee. Two issues emerged as cornerstones of the Working
Group's long-term agenda: cooperation with the Natiocnal Science
Foundation and the need for better program evaluation measures.
Alan Leshner of the National Science Foundation discussed
cooperation on Science and Techneclogy Centers and the Government-
University~Industry Research Roundtable (GUIRR) provided insights
on possible measures of program performance.

The last meeting of the Working Group, which was held on
April 28-29, 1988, continued to focus on the issue of evaluation
-~ looking at three state programs as case studies. Executive
briefings on key aspects of the FY 89 Federal science budget were
also provided, setting the stage for two discussions with the
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National Bureau of Standards' Manufacturing Technology Centers
Program and activities at the National Science Foundation.
Foreign trade opportunities for state technolegy programs and the

status of economic spinoffs from the federal laboratories were
also discussed.



PRESENTATIONS




Updates on States’ Program Evaluation Strategies:

Michigan Strategic Fund

presented by

James Kenworthy, Manager
Research and Technology Programs



Summary of Remarks by

James Kenworthy, Manager
Research and Technology Programs

Michigan Strategic Fund

Mr. Kenworthy began by explaining how the Michigan Strategic
Fund conducted their second round of funding for their technology
centers program.

They first required each center to develop what he called a
"strategic research plan." A strategic research plan is a five
year plan similar to a business plan appropriate to the earlier
stage of a research and development organization. The plan is
analyzed competitively.

During the planning process, each center is asked to
describe what services they provide which the existing
marketplace or universities do not. 1In other words, the center
must explain what technical gap they fill and why they can
succeed as a business in that gap. Mr. Kenworthy pointed out
that since most centers are research-driven and university-
oriented, their plans need to demonstrate how they will work with
industry and serve an economic development purpose.

After each center's market niche is identified, they are
then asked to describe why their service is a public good. Each
center's plan must specify types of technologies they will focus
upon. They must also explain how the state can capture a
national leadership position in their technology area(s) and how
the center plans to disseminate technology through start-ups and
licensing. In designing a center, the first test is how a non-
profit business can succeed. The second test is how the state
will capture benefits from that success.

Mr. Kenworthy noted that the process of developing a
strategic research plan requires that his office work closely
with each of the centers. The process has enabled him to
establish very close working relationships with center directors
and has created a sense of accountability from both sides. He
expressed the opinion that the quality of the collaborative



relationship between the state and the centers is a good
indication of the center's success,

A grant between the state and the center is written which is
similar to an NSF cooperative agreement. The state grant manager
meets annually with a business advisory group that reviews the
technical and economic development plan for the year and the
benchmarks to be accomplished in the year ahead. Quarterly
reports to the state reviews progress on those benchmarks.
Investments in centers are reviewed by a non-partisan Research
Advisory Board before action is taken by the Michigan Strategic
Fund board.

One Working Group member asked Mr. Kenworthy what will
happen when Governor Blanchard leaves office. He responded that
centers were funded under a governor of another party and the
program is building a base of support for the centers that will
hopefully transcend political boundaries. They do this by
involving business leaders from both parties in decision making
and input.
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LEVELS OF EVALUATION

1. Basic Sanity Check
2. Are Contractual Requirements Met?
3. Are Program Objectives Achieved?

4. Does Society Renefit?

PROGRAMS

Investment Program

R & D Grants Progiram

SBIR Program

Regional Outreach Program

Research Centers Program

CORPORATION FOR INMOVATION DEVELOPMENT

Conserve Capital

Needs Test

True Innovation

Potential Benefit to Economy

Jobs



R&D Grants Prg ram

Objectives

The main ohjective of the Program is to stimulate economic development in
New York by supporting R&D projects, in universities and not-for-profit
laboratories, that have a distinct potential {or industrial application.
The latter is expected to strengthen the competitiveness of New York firms
and to expand opportunities fur job developmen and expansion.

Evaluation Procedures

The evaluative steps reported here are to be distinguished from a
comprehensive evaluation of the entire program. Rather, they describe
evaluation of particular facets of a still maturing program, aimed at
Lracking and guiding the program's development into 1ts initial full
configuration. :

The evaluation of the Program is carried out on a regular basis by
foundation staff. It invoives rveceipl and analysis of program and
financial reports, personal visits to each project site, and completion of
a formal monitoring review form for each project. In addition, it is
required that each project report annually, for five years following
completion of the project, accounts of patentinn, licensing or other
commercial application.

The evaluation criteria applied in monitoring and review are:

- conmitment of firms to cooperation in R&D projects including financial
support, provision of personnel, and use of équipment and material,

- development of firms' revenues and jobs Lreated as a result of the
application of R&D results,

- outcome of the planned R&D; actual and potential commercial
application of the R&D results,

- patents applied for and granted, -
- licenses granted,

- financial support developed from other sovrces for RD projects that
resulted from the original one,



Objectives ' '

Small Business I[nnovation Research Promntion Program

To strengthen Hew York's "best and brightest” high tech companies with the

support of "seed capital" at a critical stage of their new product
develupment,

To foster increased participation hy New York State businesses in the

Federal SBDIR Program, highly leveraging federal money into technolegy-based
economic develapnient in New York.



Regional Technology Development Organization Program

Objectives

To accelerate the creation and growth in New York of technology-based
businesses, leading to increased job opportunities and a strengthened
economy. This program allows each region the flexibility to adopt
strategies and take actions in suppert of technology development.
Accordingly, each Regional Technology Development Organization (TDO) is.

encouraged to undertake programs and activities specifically tailored to
Ltheir region.



Centers for Advanced Technology (CATs) Program

Ohjectives

Encourage excellence and rejevance in academic research in technological
areas of high priovity to sustain the absolutel, necessary intellectual

base for the technologies that will keep New York industry competitive in
the future.

Accelerate technology transfer, the commercial application of the
intellectual base (discoveries, inventions, and results of academic
research) to help New York firms gain competitive advantage in new or
established product lines.

Prepare scientists and engineers familiar with industrial problems and
priorities to provide the human resources required by New York firms to
remain technologically competent and competitive.

Promote communication and cooperation between industrial R&D and academic

researchers so as to bring a new level of informed creativity to our
industrial community.



APPENDIX E

New York State Science and Technclogy Foundation
Centers for Advanced lTechnology Program

Performance Criteria

The following questions represent criteria against which the performance of

each Institution's Center for Advanced Technology will be evaluated. Each
criterion tests a specific aspect of performance which is regarded by the
Foundation as being either a necessary or a desirable ingredient of satisfactory
performance under the contract. The criteria have diferent weights, and some
weigh more heavily than others as the responses vary from positive to negative;
no attempt is made to gquantify this variation.
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II.

Management and Administration

Is there a coherent organization and plan that coordinates all activities
of the Center internally and also in relation to the Institution? Is the
plan adhered to and updated?

Is the management structure which selects and supervises the work of the
Center well-designed to optimize the scope of activities undertaken?

Are the projects which have been selected promising in terms of the
introduction of significant innovation?

Are the projects which have been selected promising in terms of their
applicability to commercial products or processes?

Does the management team of the Center havé'an active focus on the
introduction of significant technological innovation and the maintenance of
a high level of technical excellence?

Does the management team of the Center have an active focus on the
facilitation of technology transfer to the commercial communiﬁy?

Are university policies regarding contracts for sponsored research, faculty
relationships with private .companies, patents, proprietary data and related
issues, conducive to the process of technology transfer?

Are required reports complete and timely?

Performance and Results

Has demonstrable progress been made toward the development of new or
improved products or processes, or scientific or technological knowledge?

E-1



I1I.

Have demonstrable products or processes, or promising new patents, patent
disclosures or copyrights resulted from the work at the Center?

Have any of the results of this work been applied commercially in such ways
as the improvement or creation of marketable products or processes or the
creation or expansion of firms?

Have any firms (or divisions of firms) relocated or retained their
locations in New York in order to work with the Center or in close
proximity to it? :

Have educational offerings (e.g. courses, workshops, conferences) been
des1gned and offered to maintain a competent professional work force in the
Center's area of technology? Have these offerings been well attended by
the constituency they were designed to serve?

Relationships

Do the industrial contributors participate in planning and project
selection of the Center? Are they satisfied with the direction and results
of the Center's programs?

Do personnel from the industrial companies participate in the research and
development work of the Center? Does faculty associated with the Center
participate in the research and development work of industry?

Are university policies related to promotion and tenure conducive to
participation of faculty in activities of the Center? Does the Center
attract the active involvement of the more highly-regarded members of the
Institution's faculty?

What levels of private and governmental, oéher than State, matching funds
is the Center able to attract? Hhat special support has the Center
leveraged from these sources by virtue of its programs and acconplishments?

To what extent do studeats participate in the work of the Center? Does the
Center attract the better students?

Has the Center been responsive to the needs of small companies and members
of the general industrial community?

Is any of the Center's work performed in cooperation with other academ1c or
research institutions, including consortium members?

Do the staff and investigators understand the mission of the Center, have a
sense of common purpose, and enjoy a spirit of working together taward
common goals?



Updates o1 States’ Program Evaluation Strategies:

Ohio’'s Thomas Edison Program

presented by

Christopher M. Coburn
Executive Director
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TO: EDISON TECHNOLOGY CENTER DIRECTORS
FROM: CHRIS COBURN U/"
DATE: DECEMBER 9, 1987

RE: NEXT ROUND OF CENTER FUNDING

We are developing a process to award center funding in August,
1988. The goal of th.s process is to further strengthen our nine
existing centers. It is the goal of the state to support only
the nine current centers--funding of new Edison centers is not
anticipated at this time.

The purpose of this memo and of the Center Directors' meeting is
to seek your input in the funding competition process and
timeline. We plan to release final documents detailing the
funding competition by January 1, 1988. Appropriate center
comments and suggestions will be included in the final document.

Summary of Funding Process

Two separate center funding processes are proposed. One will be
for the three newer centers (Edison Materials Technology Center,
Edison Industrial Systems Center, and Edison Biotechnology
Center). The other will be for the original six centers.

Each of the newer centers will be asked to prepare a short report
detailing their progress and future funding needs. Like the
proposals that the original six centers submitted in 1986, the
reports will reference achievements of original milestones and
accomplishments made in staffing, facilities, research and
development, educational programs, marketing, and matching
contributions. A ten-year budget and specific financial
information will also be requested. Funding decisions will be
made on the basis of financial need and of satisfactory progress
in meeting Edison Program and individual center goals and
milestones.

The original six centers may participate in a two-phase,
competitive process. The goal of this competitive process is to
award Edison funding based on performance and need for additional
resources. Only those centers needing Edison funds during the
next two years will be eligible for the competition. The first
phase of the process is the peer reviews, which are being
conducted currently. The second phase is center reports, which
will include answers to a set of performance criteria and a

Ohio Department of Development - David J. Baker, Director



narrative report of center accomplishments. Funding will be
based on a center's ability to meet the performance criteria and
to obtain matching funds. It is possible that a portion of the
center pool may be divided equally among competing centers.

Funds Availabl or Cente

Between $18 and $20 million will be available for Edison Centers
next August. A more exact figure will be determined in July or
August. It is expected that $5 to $6 million will be available
to newar centers, while about $12 to $15 million will comprise
the competitive pool for the original centers. No funding has
been recommended for the establishment of new centers.

roun

Several assumptions have shaped the development of the center
funding process:

1. The original six centers have been in operation for three
vyears and have technical, economic development, and
management raesults which can be evaluated.

2. Since each center aspires to some common Edison goals,
certain evaluation criteria may be applied to all six
centers. However, the centers have different technologies,
organizational structures, and clientele and thereforae
evaluation criteria unique to each center must also be
applied.

3. As the Edison Technolegy Centers mature, results need to be
quantified in order to make funding decisions on the basis
of achievement of economic development and research goals
and the need for additional state support. Representatives
from all sectors are asking for results.

4. A limited amount of funds are available for the centers
during the current biennium. When the legislature approved
the gstate's budget for fiscal years 1988 and 1989, it
included a cut in the Edison Program's budget from the
previous biennium.

5. The three newer centers hava not operated long enough to
receive the same evaluation treatment as the original six.

With the exception of the last item, these assumptions point to a
competitive funding process. Recognizing the importance of
developing a fair and workable evaluation model for such a
competition, the staff has worked with recognized national
leaders from federal and state levels.

The review model found to be the most applicable is based largely
on the experience of other state models. Some aspects were
borrowed from the National Science Foundation. The main goal of



the competitive process is to award funding on the basis of
performance, but also to build in flexibility to allow for the
differences between the centers. A competitive process allows
for more objective decision-making and provides the centers with
greater incentives to meet Edison goals, as well as their own
individual goals. The competitive system in other states has
helped centers optimize economic development, research, matching,
technology transfer, and educational performance.

P osed Com tive Center ding Preoc

Each of the original six centers are currently participating in
the peer review. The results of these reviews are to be used
largely for the benefit of each center. Reviewers have been
requested to provide suggestions for improved performance. The
evaluations will also be read by Edison statf and ITEAB.

Centers requiring funding during the next two years and desiring
to participate in the funding competition will be asked to
complete a competitive funding proposal. The proposal will
include a short narrative describing the center's progress since
inception and addressing any concerns or suggestions of the peer
reviewers. It will also include answers to a set of performance
criteria. A draft of these criteria is attached.

The performance criteria list is intended to be very
comprehensive. It is recognized that the detailed list will
require a large effort by competing centers, but the data should
lead to equitable decision-making and to a better understanding
of each center. Some of the data, particularly that relating to
job generation and impact on business, must be collected by the
centers from individual companies. In recognition of the work
required, each center will be allowed approximately six months to
complete its report.

The list of performance criteria is subject to your comments, as
well as those of ITEAB. The final list will include detailed
instructions and definitions. It is important to recognize that
many of the performance questions listed have no "right answers",
baecause of the differences between centers. Other pieces of data
will be important toc understand the operations of a center, but
will not be used as measures. All will provide information to
make fair and equitable decisions.

Process Time-Line

It is recommended that the centers have a relatively long period
of time to prepare their reports because of the proposed
structure, the matching documentation required with the reports,
and the time to needed to address independent reviewer comments.
A shorter amount of time will be required for report evaluation.
Therefore, the following time-line is proposed:



January 1

January 15
July 1

August 8

August 18

Questions

Final documents detailing funding processes for
original and newer centers released

Final peer review reports complete

Original and newer center funding reports due from
centers to Edison Program

Edison staff evaluations complete, distributed to
ITEAB

ITEAB recommends funding levels

If you have any questions or comments about the process described
in this memo or the performance criteria, please feel free to
discuss it at tha center directors' meeting. If you have
additional comments or questions after the meeting, please call
me or Marianne Hudson. We look forward to your comments.
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EDISON TECHNOIOGY CENTERS

RD ROUND FUNDING FOR SELE D IN Y, 1984
1988 FUNDING IDE

I. INTRODUCTION

In 1988, Ohio's Thomas Edison Program wishes to provide
continued funding support to qualifying Edison Technology
Centers. The goal of such funding is to further strengthen
the capabilities and effectiveness of centers designated as
Edison Technoclogy Centers in July, 1984. These include:

Applied Information Technologies Research Center (AITRC)
Cleveland Advanced Manufacturing Program (CAMP)

Edison Animal Biotechnology Center (EABC)

Edison Polymer Innovation Corporation (EPIC)

Edison Welding Institute (EWI)

Institute of Advanced Manufacturing Sciences (IAMS)

Funding awards will be made on a competitive basis. Grant
amounts awarded will depend on each center's performance in
meeting Edison Program goals and individual milestones, need
for additional resources and the ability to match them. 1In
order to qualify for third round funding, a center must
demonstrate need for additional funding during the period
beginning July 1, 1988 and ending June 30, 1990.

II. I TECHNOLOGY CEN GOA TI
The goals of the Edison Technology Center program remain
similar to those of previous years which have been published
in "General Guidelines and Application Instructions" and
individual center grant agreements. These goals are:

1. Economic development~-job creation and retention, as
well as business development and expansion, in Ohio

Onhig Department of Development « David J Baker, Director



III.

Iv.

715 Increase the competitiveness and productivity of
existing Ohio companies through techneological
innovation

3. Diversification of Ohio's economy--creation of new
businesses and/or industries in Ohio

4. Formation of effective partnerships and consortia
involving the private sector, colleges and
universities, and government

5. Development of the highest possible technical
competence given the field or area of technology

6. Development of financially and scientifically viable
institutions

7. Establish and improve education and training programs
to meet the needs of the workforce now and in the
future

Progress in accomplishing these goals may be achieved by
Edison Technology Centers through joint applied research and
development projects, educational and training programs,
technology transfer activities, and entrepreneurial
development and assistance.

AVA BLE FOR LIF G R,

Between $12 and $15 million will be available for third
round funding. A more exact figure will be determined by
July or August, 1988. The amount of the awards will vary
according to center performance.

TI I

The 1988 Funding Guidelines and Request for Proposals will
be released to all six centers on or before March 8, 1988.
Completed proposals are due to the Edison Program office no
later than 5:00 pm, July 1, 1988. All proposals must be
submitted by that date and time in order to be considered
for funding. Ten copies of the proposal should be provided.

The proposal review and funding recommendation process will
last about six weeks. Staff of the Edison Program will
review each proposal and prepare a report for the Industrial
Technology and Enterprise Advisory Board (ITEAB).

It is anticipated that ITEAB will make its funding
recommendations at its August 18, 1988 meeting.

2



These recommendations will be carried to the Director of the
Department of Development. The Director's decision will be
forwarded to the State Controlling Board, which has final
authority for the award of state grants. Every effort will
be made to place the Department's grant reccmmendations on
the Controlling Board's September 26, 1988 agenda.

PROPOSA I NT

The challenge grant program is structured to provide
information on each center's progress in meeting the above-
mentioned goals as well as individual center goals and
milestones. There are three parts to a complete proposal:
first, a narrative report detailing center accomplishments
since July 1, 1986 and addressing each of the topics listed
in the "Program Strategy and Progress Narrative" section,
second, quantitative performance measure section, and third,
documentation of new matching resources. More detailed
information on each part of the proposal is included in the
rest of these guidelines.

A, m rate N v

The narrative report should detail the center's
accomplishments for the period July 1, 1986 through June 30,
1988 and outline plans to strengthen the center using
additional state money. Progress should be identified and
explained for each of the program areas listed below. If
there are other areas in which significant progress or
accomplishments have been made, please include them in the
narrative. Where appropriate, please discuss the center's
progress in addressing the comments of outside peer
reviewers. With the exception of an executive summary of
progress and lists of research projects and business
participants, no specific format is required, as long as
each area is addressed. The narrative should be ten to
twenty pages in length, excluding three exhibits and a
budget requested below.

a, Executive summary of the center's most important
accomplishments during the period. The summary should
be a maximum of two pages and cite progress in some of
the areas listed below. Special emphasis should be
placed on specific examples in which the center has
directly impacted economic growth in Ohio. (This will
not count against the narrative page limitation.)

b. Program milestones. List the major program milestones
and projected dates of accomplishment set by the center
during the period. Such milestones or goals should
relate to research, business participation, revenues,

3



staffing, education and training and other programmatic
goals rather than to administrative matters. Has the
center met each of these milestones at the projected
time? Wwhy or why not?

Activities and accomplishments in research and
development. Summarize important research efforts and
note significant awards or citations received by the
center or center researchers for research excellence.
In a chart formatted after Exhibit A, briefly explain
each research project underway or completed during the
period. To the extent possible, please do not include
confidential information. Any such information that is
included should be marked “Confidential".

Education, training and technology transfer activities
and results. Describe significant training activities
and their direct impact in meeting current or future
industrial and community needs. Summarize the center's
intellectual property policy and licenses granted by
the center.

Private sector participation. As appropriate, describe
progress made in obtaining business participants and
programs developed to benefit them, including
innovative programs to assist small businesses.

Discuss programmatic and financial contributions made
by participating companies. In order to be considered
a participant, a company must provide documented
matching resources to the center during the reporting
period or must have received assistance from the center
during that time. Please provide a list of all current
industrial participants in a chart formatted after:
Exhibit B. Confidential information should be so
marked.

Operational accomplishments. Discuss accomplishments
made in the areas of staffing, facilities, marketing,
obtaining matching resources, financial management,
governing and technical boards, university-business
cooperation, and administrative matters.

Community relations. Describe significant interactions
with local government agencies, economic development
agencies (separate from the Edison Program), chambers
of commerce, federal government agencies or
laboratories, elected officials, trade and professional
associations, and other Edison Technology Centers and
Incubators. Summarize important benefits to the center
and its partners resulting from those interactions.

Updated budget and milestone plan. Summarize the
4



center's updated operational strategy or business plan
and discuss any additions, deletions, or modifications
to plans presented previously. The strategy should
include an updated projection of major programmatic
goals and milestones during the next three years (July
1, 1988 through June 30, 1991). A budget, outlining
the sources and uses of all center resources for each
fiscal year, must also be included. The budget should
be divided by fiscal year and must cover the period
July 1, 1984 through June 30, 1993.

B. Documentation of Matching Resources

Centers desiring additional Edison funds must show an
ability to match those funds on at least a one to one basis
with resources from sources other than state government.

Please submit new matching resources with this proposal. As
in the past, quality of match is important. Match quality
will be assessed in the following order: cash, including
research contracts, from industry and foundations; federal
government grants to the center; new equipment; in-kind
contributions; used equipment; and federal research grants
or contracts to individual investigators. Resources from
small companies (those with less than 50 employees or less
than $5 million in annual sales) are valued more highly than
resources from larger companies.

In order for new matching resources to be counted as match,
satisfactory written documentation of commitment must be
provided. Centers must submit a copy of a check, company
purchase order and/or a letter, signed by an official with
authority to commit resources from the organization,
committing a specific amount of money to the center over a
specific period of time. Letters committing equipment or
non-monetary resocurces must include a statement detailing
how the contribution was valued and how it is related to the
center's activities. If claimed match is a research grant
or contract, a copy of the contract or the grant information
sheet from the awarding agency should be submitted.
Equipment should be treated as it is for tax purposes and
other non-monetary contributions should be valued at market
rates. As in the past, an independent appraisal for all
used equipment claimed at or above $5,000 must be submitted.

C. Program Progress Measures (Exhibit C)

A number of statistical tables, requesting quantitative data
about the center's performance of economic development, .
research, and management goals is attached as Exhibit C. 1In
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general, the tables cover center progress from July 1, 1986
though June 30, 1988 (the "reporting period"), although some
measures are marked differently. A response should be given
for each measure and the center may attach appropriate
additional information that will enhance the Edison
Program's understanding of the center's response. If there
are no results for a given measure, the form should read
"none" or "o%, If the request does not apply to the center,
please briefly explain why not.

Instructions to complete each measure is listed below.
Each number below corresponds with the tables in Exhibit C.
Definitions for several terms are included in Section VI.

Incr ed Industrial Competitiveness

1. Number of companies associated with the center.
Data in this section should summarize information
included in Exhibit B. The combination of "total
members" and "total non-members" should equal the
number of companies listed in Exhibit B.

2. Dollar value of matching resources from participating
companies.

The table requests a breakdown of industrial matching
resources provided by the companies counted in table 1.
The table may include matching resources received since
the center's inception, as long as the resource has
been previously certified or is documented in the
proposal. Please use the actual value of the match,
rather than the weighted values listed in Section V.B.
Do not double count among the categories. For
instance, if a research contract is counted toward a
particular company's membership, the contract may not
be included in the Research category.

3. Growth in industrial participation.
This table charts the annual growth of industrial
participants and matching resources from industry for
8ix years beginning fiscal year 1985.

4. Research proijects.
This table requests summary information on the number
of research projects under the auspices of the center
completed or underway during the reporting period. The
chart should parallel Exhibit A.

Pro ¥ Productivi v m ts

5. Number of companies reporting that center efforts
improved their "bottom line".

6



Provide the total number of companies who report that a
center research project, training program, or other
center service resulted in a cost savings, increased
revenues, high return on investment or other "bottom
line" improvement. All citations must be quantified in
table 6. In all cases, the improvement must be
directly related to a specific center activity and the
company must be included in Exhibit B.

6. Quantify "bottom line" improvements
For the companies reporting improvements in table 5,
quantify the improvements for the group as a whole.
Several categories, including "other measures" are
noted. More than one category may be used per company
as long as there is no double counting. Return on
Investment is generically defined at the present value
of cash flows during the next five years directly
resulting from the center effort divided by the
company's investment into the project.

For each company reporting improvements, the center
must have on file a statement from the company
estimating the direct impact of the center on that
company. These letters do not need to be attached to
the proposal, but should be available to the Edison
Program for review if a question should arise. This
will allow for the total impact measures to include
information of a confidential nature.

Job Impacts

7. Number of center employees.
In 7.A., provide the full-time equivalent number of
personnel currently employed by the center. A full-
time equivalent job is considered to be one of 35 or
more hours. Only those people working at the center's
headquarters or those who receive all of their
compensation from the center should be included. 1In
7.B., provide the full-time equivalent number of
college personnel (including faculty, students, and
administrative personnel) who currently work directly
on center activities. No positions may be included in
both A and B.

The State of Ohio strongly encourages the employment of
minority workers. Please note for both categories the
number of full-time equivalent employees who are
minorities as defined in the Definitions section.

These figures should be included in the total job
figures as well. Please attach the center's policy for
affirmative action in employment.



8. Jobs created at participating companies.

9, Jobs retained at participating companies
For the categories in both tables, note the number of
companies reporting job creation or retention and the
number of current full-time equivalent jobs created or
retained at participating companies as a direct result
of center activities. Only those companies included in
Exhibit B are eligible to be counted in the table. The
reporting companies must show a reasonable and causal
relationship between center research, education and
training, or entrepreneurial assistance activities and
jobs created or retained at the firm. Jobs created or
retained at the company due to other reasons during the
period may not be included in the table.

All of the data included in the tables must be
documented to the center by the reporting companies.
Letters reporting job impacts do not have to be
included in the proposal, but the center must have them
on file for possible review. Double counting of jobs
created or retained is prohibited. Data included in
the job creation table may not be included in the jobs
retained table and vice-versa.

10. Number of start-up firms assisted.
Enter the number of start-up firms the center has
assisted during the period. Start-up firms are those
which have legally incorporated since January 1, 198S5.
Such assistance may include the "spin-off" of a
technology developed at the center, educational or
training assistance, prototype testing, consulting, or
entrepreneurial assistance. All current employees,
adjusted for full-time equivalency, of such start-up
firms may be counted in part B of the table. The data
in this table may be included in table 8.

Center Technology

i1l. Center Patents.
Include patent information relative to those research
projects listed in Exhibit A. Information related to
other projects may also be included only if they are
directly related to these projects, were conducted by
personnel directly related to the center, and were
completed during the period. For each patent
application, disclosure, or award, please list the
title and author.

12, Number of papers, theses, dissertations and official
presentations by center personnel.
For those personnel directly related to the center



only, total the number of the above activities taking
place during the reporting period. Papers, theses,
dissertations, and official technical presentations may
only be included in the total when their primary
purpose is to describe the results of research projects
listed in Exhibit A.

13. Licenses.
The table is meant to measure center licensing
activities. Only those licenses which cover technology
develcoped and owned by the center and for which a fully
signed licensing agreement exists may be counted in the
data. In Part B of the table, please total the dollar
value of royalties or other resources that the
licensing companies have agreed to give to the center
in return for the license. Such values must be
included in the executed licensing agreements. Part C
requests the total value of royalties or other
resources that the center has actually received.
Information about any potential licensing arrangements
should be incliluded in the narrative portion of the
center's proposal.

14. Number of individuals directly conducting research.
Please provide a further breakdown of data in table 7,
which summarizes the number of individuals who are
currently engaged in center activities. 1In order to be
counted in this table, an individual must currently be
working on one of the research projects listed in
Exhibit A. "“Center research persocnnel" is defined in
this table as those who work at center "headquarters"
and receive all compensation from the center. Please
provide the breakdown of researchers in terms of raw
numbers and adjusted full-time equivalents.

15. Research grants and contracts from non-state sources.
Information about research grants or contracts separate
from company memberships should be measured. Do not
include research contracts that count toward a
company's membership obligation. Please enter the data
for applications made by the center for grants or
contracts from the listed scurces during the reporting
period and the data for grants and contracts actually
awarded (those awards for which the center has written
notice).

16. Facilities.
Please provide information about the center's
facilities and equipment. All information should be
current. Information included under the "center"
category should be for space and equipment at center



headquarters. University partner information should
relate directly to center activities.

College/University Involvement

17.

18.

19.

20.

College/University rescurces supporting center.
Indicate the dollar value of support to the center from
participating colleges and universities. The "GRF"
represents state General Revenue Funds--which include
dollars allocated to state colleges and universities by
the State of Ohio. "“Non-GRF" funds would include funds
given to the university by private organizations or
individuals or resources from private universities. A
division between GRF and non-GRF is made because only
:he resources from non-GRF resources may be considered
as match to the Edison grant by state law. However, a
school's commitment of its state resources may often be
vital to the success of the center. Data in the
"received" columns should include only those resources
which were actually received by the center during the
reporting period. Data in the "committed" category
should include those resources committed by the college
to the center which have not yet been received. Please
attach documentation for all matching resources which
have not been certified previously.

Total amount of space at academic institutions dedicated
solely to center (in square feet).
Do not include any space that may also be used for
research projects that are not in Exhibit A.

Number of projects involving more than one academic
institution.

Cooperation among universities is strongly encouraged
by the Edison Program. Joint research, training, or
entrepreneurial assistance projects are appropriate
programs for cooperation. Any of these kinds of joint
center projects should be totaled under "All Projects",.
The "Research Projects"™ number should be a subtotal of
all projects. Please discuss such joint research
projects in the narrative portion of the proposal.

Center resources paid to academic institutions.
For each academic partner, please provide the requested
budget breakdowns for payments made during the
reporting period.

10



BEducation, Training, and Technology Transfer

21. General education and training.
Count the number of training classes or seminars held
by the center, the number of individuals successfully
completing such training, and quantify financial
support of other groups for sponsorship of training
programs. Financial support included in the table must
be separate from membhership resources.

Optional Data

22. (Optional) Number of companies reporting follow-up
investment in technology developed in conjunction with
center. .

One of the goals of the Edison Program is that
companies will be interested in technologies developed
at a center and decide to carry out the final product
development work or other work necessary to put that
technelogy on the market or in use within the company.
How many companies reported investing their own
resources (cash or in-kind) in product development,
refinement, licensing, marketing, etc. in this
activity?

23. (Optional) Dollar value of follow-up investment.
Ask the companies reporting further work on center
developed technology to estimate the amount of company
resources invested in such activity during the
reporting period.

24. (Optional) Number of companies relocating to Ohio
acknowledging center efforts or activities as
influencing their decision.

The table should include companies reporting a
relocation to Ohio from another state which resulted in
part from center activities (research and development,
contact with center membership, education and training,
entrepreneurial assistance). For the jobs number,
count only the full-time equivalent number of new jobs
added at the Ohio site. Data in this table may be
ineluded in table 8.

25. (Optional) Number of graduate students involved in
center activities hired by participating companies.
Enter the number of graduate students formerly involved
in carrying out center research projects (those listed
in the narrative research descriptions) who were hired
for full-time permanent research positions by
participating companies during the reporting period.

11



VII

VII.

FINITION

Ohio company: private enterprises which have established
and continue to maintain operations and facilities in oOhio

and are incorporated under Ohio law.

Minority: those persons belonging to the following ethnic
groups: American Indian, Black, Hispanic, and Oriental
(State of Ohio Affirmative Action guidelines).

Group Sponsored Project: research projects that are

financially sponscred by two or more companies, for which
research results are available to sponsoring companies only.

Single Sponsored Proiject: research projects sponsored by an
individual company. Such projects are usually proprietary

in nature and intellectual property rights belong to the
contracting company only.

Generic Project: research projects for which results are
available to all center business members.

Full-time Equivalent Jobs: jobs that are 35 or more hours

per week.

EVALUATION CRITERIA

Each of the three sections of the proposal-~narrative,
matching documentation, and the quantitative measures-- are
important in determining center funding levels.

When the third round funding proposals are reviewed,
performance and progress in the following areas may be
avaluated:
-impact on economic development and job creation
-ability to meet programmatic milestones
~quality and quantity of matching resources
~ability to attract business participants and increase
their competitiveness and productivity
-development of high quality research programs and
capabilities
-development of effective education, training, and
technology transfer programns
-progress toward building financially and
scientifically viable centers
-university support and commitment
-community support

12
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EXHIBIT B

PRIVATE SECTOR PARTICIPANTS

Company Name Headgquarters Number of Emplovees Type of
andpAdgress Locagion Ohio Worldwide Participation*

* Type of Participation

Membership = M
Contract Research = C
Training = T

Other = 0
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PROJECT QBJECTIVES
AND METHODOLOGY

BACKGROUND

Ohio's Thomas Edison Program was initiated in 1583 by Governor
Richard F. Calests and the Chio Genaral Assembly. It is a $232
million effort craeated to stimulate technological innovation in
Ohioc through university/industry partnershipa. The three
components of the program are the Edison Seed Development Fund
(8DF), the Edison Incubators and the Ediscn Technolegy Canters.
The purpose of this project is to evaluate the Edison Seed
Dsvalopment Fund, which represents over 6§21 million in state and
non-state investments. Since Jaﬂzﬂry 1984, 932 SDF grants have
been made to Ohioc companies (gee Wttached Portfelic). 0Of thase,
the research of 46 of the grants has been completed., This
project seeks to compile and evaluata the results of the
coppleted 46 SDF grants.

OBJECTIVES

This evaluation seeks to provids detalled information on the
performance of the Seed Development Fund (S8DF) to detarminae:
program impact, analysis of findings and next steps. This
evaluation is intended to describe tha impact of each research
projact both f£rom the company's and the university's standpoint,
give an overview of the 46 complsted SDF projects, tha currant
atatus of the companies involved with these projects, the status
of the tachneleogy investigated, and the administrative aspects of
tha progran.

METHODOLOGY

The proiuct manager, Jane Kirksey, has initiated a survey of the
industriea and their respective acadenic partners with completed
Seed Developmant Fund projescts. An Industry Interview
Questionnaire has been developed to elicit informatien
concerning: company performance, technology application and
utilization, employment lavel and participants oritique of the
Sesd Development Fund program. A second questionnaire, a
University Interview Questionnaire, tracks the interactien with
the partnar industry, research results, publications and
presentationa, final status of the research, and participants
critique of the Seed Developmaent Fund program.

This survey will be executed through mailings, telephone
interviewva and selected on-site visits. The industries and
universities will ba initially contacted by mall (cover latter
and survey attached). Tha format of the mailing will ba
structured to elicit comprehensive information on all completed



projects, This data gathering will be enhanced by selectiva, in-
depth individual project analysis. Personal on-site visits will
be made to over 50% of all involved businesses to derive nore
thorough, extensive information on individual experiences with
the Seed Development Progran.

An overviaw of the progranm with f£indings and recemmendations will
ba provided using the results of this evaluation, relying on
responses to the questionnaire and genaral commants.



INDUSTRY INTERVIEW QUESTIONNAIRE

SEED DEVELOPMENT FUND
COMPLETED PROJECTS

Date:

CONTACTS
Project: Number-.
Company: Telephone:
Address. President:

Project

Director:
University: Project Manager:
COMPANY AND JOB JIMPACY _ _ _

Based on your Seed Development Fund (SDF) application you had employees in Chio
when applying. What is your curreant number of Ohio employees? . If there has been
a change since your application, how many jobs resuited from the SDF project?

Are you projecting any additional jobs at your facility related to the SDF research:
o within the next year? y / n. Number: .
o within the next 3 years? v / o . Number:

Have you relocated any personnel or facilities from out-of-state since inception of the
SDF project? v / 0. If yes, how many Did the SDF research influence this
relocation? y / n ., In what ways?

Can you identify any spin-off{ jobs (jobs in other firms) as a result of research or
technology development 1n this project?

Have any univers ty personnel involved "n this project become employees of the company?
y /o, If so, how many?

Were any reductions 1n staff avoided as a result of this SDF project? .y /n, If so,
how many employees were retained?




How long has your company been in business? years.

Gross annual sales when applying were: § . .
What are current gross annual sales? § , Can any of this
difference be attributed to the SDF project? _v_/n . Please elaborate:

Have you filed any patents?_y / g . How many? Number granted?

Have any licenses been granted? v / np To whom:
Value $

Amount of royalties paid to the state $ . {Class II anly).

Current square feet of facilities used or owned in Ohio: ]
Manufacturing Research/Development Office

Has your company garnered external funding from such sources as SBIR, venture
capitalist companies, other private sources etc.? Y./ 0. Please describe type, amount
and if used as matching funds for this SDF grant:

Type —3 Amount _  _Used for Match?

Has your company committed additional funding to developiag the SDF product or
process? vy / n . If yes, please elaborate:

How would you characterize your company’s interactions with academic institutions in the
past 4 years? Please indicate the appropriate description.
Greatly decreased About the Greatly increased
Decreased Same Increased

Has the Ohio Thomas Edison Program influenced the level of interaction with academia?

y/uo

Describe:

How would you classify the current status of your product or process {check appropriate
description): Being actively marketed

Anticipate marketing within the next years

Awaiting additional development

Being developed by another firm

Deemed economically or scientifically marginal: wiil not be

marketed

Will not be marketed for other reasons

Please elaborate:



Have you utilized Edison Incubator resources? y ./ n. If yes, in what way?
Have you utilized Ed'son Center resources? v /0, If yes h what way”.

Was SDF funding adequate for completing the needed esearch? _y / a . If not, what
levels would you suggest for Class I projécts $
for Class IT §

Was the time alloted for the SDF project adequate to complete the research?, y / n_. If
not, how many additional months did you need? .

ADMINISTRATIVE _ _ _ o o o e e e
Did you have any difficulties with the SDF application gpproval process?.y / n Do you
have any suggestions for improvements?

Do you have any comments or suggestions on the quarterly reporting procedures? Do
you have any suggestions for improvements?

Do you have any comments in regard to university/industry relationships (contracts,
techaical interactions, proprietary rights, equipment loans or purchases, etc)?

Have you continued to interact with the University since completing the SDF project?
y/ n. In what capacity?

MISC o o o e e e e

From an overall standpomt. do you consider your r Seed Development Project to have been
successful. ¥y / n ., What were the most positive and negative aspects of the program?

Are there restrictions in the Edison program that prohibit it from being utilized more by
“industry?

Any other comments you have are most welcome.



UNIVERSITY INTERVIEW QUESTIONNAIRE

SEED DEVELOPMENT FUND
COMPLETED PROJECTS

Date: =~

CONTACTS
Project: Number:
Company: Telephone:
Address: President:

Principal

Investigator:
University: : Telephone:
Address: Project

Manager:

Adminis-

trator:

PRINCIPAL INVESTIGATOR

— e S e e— R G D S D S S e DD S G D Sk — SR S S P — m——

What university staff were engaged in this project?

Total = Full Time
Type Involved Equivalent

Professors
Graduate assistants

Other

Number of publications submitted pertaining to research completed for this project:
(Please give title, journal, date and any other pertineat information).



Number of presentations made: ( Please give title, conference, date, ctc.)

Has research led to obtain ng other research funding? If so, please specify, type and
amount .

Equipment used for this project was (check all pertinent descriptions):
bought for the project with SDF funds
retained by the university
supplied by partaer industry
retained by partner industry
available at university at onset of project
other (describe)}

Was SDF funding adequate to complete the research? _y / qa ., If not, what levels would
you suggest:

o for Class I projects? §
o for Class II projects? §

Was the time ailocated for the SDF project adequate to complete the research? v / n .
If not, how many additional months did you need?

D:1d research completed result in a process or a product? y /n .,

Did You receive adequate financial and technical support from partner industry? y /o .
Pleas¢ claborate:

Have you continued to interact with the pant ner industry since complet'ng the SDF
project? y / pn. If so, in what capacity?

Any comments or suggestions on reporting procedures?

From an overall standpoiat, do you consider this Sced Development Project to have been
a successful experience for the university? v /0.

Any other comments you have 3 ¢ most welcome.



ADMINISTRATION _ __ o e

Any comments in regard to university industry relationships (contracts, technical
interactions, proprietary rights, equipment loans or purchases, etc.)

Any remarks in regard to the university/state relationship (contracts, reporting
procedures, overhead charges, billings, etc.)

How would you characterize your university's interactions with industry in the past 4
years? Decreased Increased

Greatly About Greatly
Decreased the same Increased

Has the Edison Program influenced this interaction? y / n Please elaborate:

Do these rclationships with industry differ from previous interactions? _y / n . If ves,
in what way?

What restrictions prohibit greater use of the SDF program by the university?

Any other observations you have are most welcome,



Evaluation Methods Used for the National Science Foundation
Engineering Research Centers Program

and an

Update on the NSF’'s Science and Technology Centers Program

presented by

Dr. Alan Leshner, Director
National Science Foundation
Office of Science and Technology Centers Development
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Unexpected Benefits of
Fundamental Research

- High-temp. - Tunneling electron
superconducftors microscopes

- Frog skin - Critical minerals
antibiotics mining techniques

- Lasers - BASIC

- NMR ~ Biotechnologies

- Biological - Fiber optic
pest control communications

- Fisheries manag. - Artificial
techniques intelligence

- Solar collectors - Artificial biol.

membranes, organs
- Spell checkers
- Retroviruses
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Hollings Centers Competition

presented by

Dr. Don Johnson, Director
Industrial Technology Services
National Bureau of Standards



NEW PROGRAMS AND DIRECTIONS
AT THE
NATIONAL BUREAU OF STANDARDS

March 1988



The rapid loss of competitiveness of U.S. industry in international markets is
an extremely serious problem with wide-ranging consequences for our material
well-being, our security, and our political influence. Its causes are many,
but among them certainly are the slow rate at which new technology® is
embodied in commercial products and procaesses, and the lack of attention paid
to manufacturing. We need to compete in world markets with high-value-added
products, incorporating the latest innovations, manufactured in short runs
with flexible manufacturing methods. We need research, management, and
manufacturing methods that support change and innovation.

Congress and the Administration have called upon the National Bureau of
Standards to carry out a program of technology development and transfer in .
collaboration with industry, universities, other fedaral government agencies,
and with state and local governments. The National Bureau of Standards (NBS)
is the one federal government agency that already supports industry and
commerce directly with infratechnology services. Its contributions are
vitally needed now to support rapid commercialization of technical innova-
tions. NBS’'s leverage on innovation in industry and commerce has been
significantly increased, and additional roles have been assigned to NBS to
more fully use this unique govermment resource.

NBS is a small agency and its resources are quite small comparad to the
industrial and federal investment in research and development, or with the
investment of $800 million by the various states in technology transfer and
support programs. The new programs being developed by NBS will be collabora-
tive, highly leveraged, and serve as examples to be followed by others with
greater resources.

National Insticute of Standards and Technology

The legislative package for the Technology Competitiveness Act currently
before the Congress, will assign four new major programs to the National
Bureau of Standards and also change the name to National Institute of
Standards and Technology. Not all facets are in place but the direction of
change and the ensuing programs can be predicted. The long-standing mission
of the National Bureau of Standards to provide for the measurement standards
and data needs of the U.S. economy remains unchanged in the new legislation.
However, the proposad new assignments will cast NBS in a new and different
role working with a differant constituency such as state and local economic
development organizations and such federal agencies as the Small Business
Administration, Economic Development Agency, and the International Trade
Administration.

1 Technology 1s defined as technical information applicable to
products and processes.



Many ideas originating in the American scientific and technical community are
being commercially exploited in other parts of the world. We, as a nation,
have been slow to capitalize on new technology developed from our own
intellectual capability and to improve our manufacturing capability. 1In the
past, small and mid-size companies have led U.S, industry in innovation. We
must now decermine how the federal government can support such companies in
the development of improved manufacturing capabilities and the marketing of
new, competitive products.

The NBS Director has decidad to establish a new program at NBS (to become
NIST) called "Industrial Technology Services (ITS)." This program will
include the four proposed major activities: (1) Centers for the Transfer of
Manufacturing Technology, (2) Industrial Extension Services, (3) an Advanced
Technology Program, and (4) the Clearinghouse for State Technology Programs,
which will be carried ocut by the Secretary’s Office with support from NIST.
Short descriptions of these four new programs follow.

Centers for the Transfer of Manufacturing Technology
The aim of the first part of the Industrial Technology Services (ITS) program
is to bring modern automated manufacturing technology to small and mid-size
manufacturing firms, that cannot compete in the intermational markets because
their resources for research or technological improvement are insufficient.
ITS will work with the state and local organizations, universities, and also
with industry to develop twelve regional centers to achieve the transfer of
modern manufacturing technology to these constituents. The program focuses on
technologies appropriate to small businesses, e.g., automation of existing
facilities with off-the-shelf equipment within the reach of the personnel,
finance, and engineering capability of such companies. The program will be a
cost-sharing partnership where the funding provided by ITS will be matched by
funds from other sources such as state governments, industry, and academic
institutions. The location and function of each transfer center will be
coordinated with the needs of the local or regional industry.

The program emphasizes "hands-on" experience. Senior managers will be invited
to the center to observe and participate in demonstrations of automatic
equipment that will be advantageous to their companies. They will be assisted
in choosing the proper equipment, in selecting a reputable supplier, and in
acquiring and training the staff that will operate the equipment. The program
will encourage a partnership with academic institutions, with special focus on
training of workers that could be provided by community colleges or vocational
schools. ITS will provide funding of up to $3 million per year, ramped in
years 4, 5, and 6, to be matched dollar for dollar from other sources. At the
end of three years, each center will be reviewed to determine if its transfer
of technology to industry justifies its continuation. At the end of six
years, government funds will drop to zero, and the center should be self-
sustaining. Two regional centers will come on line this year. ITS will make
available engineers trained in industrial manufacturing and familiar with the
Automated Manufacturing Research Facility (AMRF) at NIST to help start and
operate the centers,




Industrial Extension Services

The second part of the Industrial Technology Services program {nvolves ITS in
Industrial Extension Services, with the intent to make federal technology
available to small and mid-size businesses through existing state and local
extension activicies. A number of federal agencies now sponsor extension
programs of various kinds; the Economic Development Administration cversees
about 40 centers; the International Trade Administration operates its trade
assistance adjustment centers for companies disadvantaged by imports. Most
extension services, of which theres are thousands, do not deal with sophisci-
cated technology but concentrate thelr efforts on business advice and business
applications. For the most part, organizations providing extension services
have neither the technically trained personnel nor the technical resources
needed to help a small company just entering the high technology field. The
role of ITS will be to providas the central federal coordination for extemsion
services, working with federal agencies and federal laboratory consortia to
carry out technology transfer throughout the extension program. ITS will also
organize an invention evaluation servica that will test the technical and
economic feasibility of inventions. ITS will provide help in structuring
workshops and will bring businesses of similar interest into networks for the
joint solution of problems. A pilot effort to network local biotechnology
companies and supporting firms has been operating successfully at NBS for a
year. Experience gained from this pilot program will benefit the NIST efforts
in other technologies.

Advanced Technology Program

The third part of the Industrial Technology Services program will accelerate
the commercial devalopment of technology. This program will function quite
differently from the others and will address a different but related con-
stituency. In the Advanced Technology Program, ITS will provide funding to
and will encourage formation of industry consortia aimed at developing generic
technology and improving manufacturing processes. This program will focus on
developing new products and in making major improvements in existing manufac-
turing processes. This program therefore complements the Small Business
Innovative Research Program (SBIR) which addresses research and development up
to the prototype stage. The formation and funding of consortia under this
program will be similar, excapt in size, to a project recently proposed to DOD
by the semiconductor industry, whers 51 companies have formed a research
consortium to find ways of improving the manufacture of semiconductor chips.

Clearinghouse for Stace Technology Programs

The fourth part of the Industrial Technology Services program deals with
policy. Despite much debate there is little likelihood that a national
induscrial policy will be developed. However, a de facto technology policy is
being developed at the state and local level by governors, county executives,
and mayors. These leadsrs establish policy when they allocate public funds to
particular development projects. The total investment is large and the
influence on the overall direction of U.S. high technology firms and, hence,
thelr impact on the nation's balance of trade is substantial. Under the new
program ITS will provide technical and analytical support to state and local



governments as they decide future investments in technology progrums. The
effort will be a shared assignment between the Department of Commerce (DOC)
and ITS working through the Office of Intergovernmental Affairs.

ITS will develop a network of technical contacts within the state and local
policy level staff, and will collect information on current programs and
provide a technical analysis. A firsc report to Congress ls scheduled for
January 1, 1989. Meanwhile dialogue will continue and workshops will be
offered in an effort to make federal resources available to aid in this
decision-making process.

For further information, writa or call:

Industrial Technology Services
National Bureau of Standards
Gaithersburg, MD 20899
301-975-2122



UoisIAg SWeISAS eouBADY

UOISIAK] @INIJSULIIY SHOMIBN PUB WeISAS
uoisig Aunoeg Jeindwo)

uoisialg ABojouyde | e/smyos pue sweisis
uvossing BupesuiBul sweisAg uopeulojuj

ADOTONHOAL ¥
SIONIIDS HIALNAWOD HO4 ILNLILSNI

uoisia] uoneIpEY JoloeaY

uoising Abinjele

uoisinig siewfjod

UOISIAIQ UOfjewoje pue amjdel
UOISIAI] SalweID))

UOIIEN|BAT 9AHONIISBPUON JO 820

ONIHIINIONS %
FONIIOS STVIHILVYW HOd ILNLILSNI

Bupeauibu3l reajweyd o) Jelued

yossesay eil4 10} J8lueD

ABotouyoe] Guipting Joj Jejued

Buyesuiug Bupniosjnuep Joj Jejuen
Buuseuibu3 reoinoe)3 @ soU0N08(3 Joj J8jued
sopewsyis peliddy toj Jejued

AHOLYHOEY1 ONIHIANIONT TYNOILYN

Ansiwayo [eanAjeuy Joj Jaluen
sa1sAyd feolusayn Joj 19ua)
yoJeesay uoneipey 1o} 18jus))
SpJepuURlS JISEg 10} J8jUeD
SBOJAIDG JUBWBINSBeI JO 8110
ele( 80UBIeeY plepuelS JO 890

AHOLYHO8YT LININIUNSYIW TVNOILYN

Juewdojereq Aatjod ABotouyde] reuonep
weiboid wewdojereq ABojouyoa] pesueapy
SQO)AISS UOISUBIXT [BUISNPU|

siaue) Jejsues) AbBojouydse)

S30IAH3S
ADOTONHIIAL TWVIHLSNONI TYNOILYN

AGojouyoaj pue spiepue}s jJo aJn}ISu| [eUOlEN
JOHINWNO0D 40 INJWLHYHIA 'S'N

spiepue|s pue
Aisnpuy 10} J010811K(] B)RID0SSY
SJejY duuapesy pue
[euoyeUIelU| JO} JO108II(] BIBIDOSSY
sieyy
eane|siba pue [guolssaibuo) jo 83O
Joyoaug Ayndeg

HOL034H1a

NOILVHLSININGY
40 "50.123uia

S3IHOLvHoavl
H3AINO08/SEN
HO103HIa
3H1 40 301440




Status of Key R & D Issues in the Federal Budget: An Overview

presented by

Dr. Kenneth G. Wilson
N cbel Laureate in Physics, 1982



The National Science Foundation in the 1950's
by Kenneth G. Wilson

I am writing this paper to urge increased support for the
NSF based on my own past benefits from government support and the
urgent need of today's brightest young scientists.

The National Science Foundation has acquired many new
responsibilities related to economic development over the last
two decades. Equally important, many simultaneous reveolutions in
science are competing for support from NSF. The budget for the
NSF is woefully inadequate to meet demands on it, in part because
it does not have as strong political support as does the NIH, the
Department of Defense, or domestic social programs. While all
agencies supporting basic research (NIH, DOE, NASA, DoD) need
some growth for their basic research, NSF is especially visible
right now because of the proposal to double its budget.

I became a scientist because my father (E. Bright Wilson,
Jr.) was a scientist; he was one o :the leaders of the scientific
support for defense during World Wa: II. I was a graduate
student in the late 50's, at the time of the launch of Sputnik.
I started my Nobel Prize winning research as a graduate student
(supported by an NSF graduate fellowship), and pursued that
research for fifteen years through the 1960's -- a golden age for
U.S. science. I went on to publish the two papers cited by the
Nobel committee in 1972.

The focus on science following Sputnik got me started on an
extraordinary career. I urge that a new boost be given to
science over the next few years. I urge this so that the
scientists of today will have the same opportunity to compete for
Nobel Prizes that I was given in the 1960's.

I will describe briefly the scientific quest that I was
privileged to be part of, due to the extracrdinary government
support of science in the 1960's. When I began my research, the
basic constituents of matter were known to be electrons, protons,
and neutrons. These constituents combine to make up atoms, the
basic units of the chemical elements. It was already known that
protons and neutrons have complex structures, but the nature and
causes of this structure were a mystery. Then during the 1960's,
a world-wide community of high energy physicists unravelled the
secrets of the proton and neutron. Countless experimental
discoveries at particle accelerators created new puzzles to
unravel. Attempts to understand these experiments led initially
to fragmentary and seemingly contradictory explanations.



By the middle 70's the proton's structure had become clear;
it and the neutron are made up of three objects called quarks,
held together by a microscopic version of string. Equations of
motion for both quarks and string had been established. The
discovery of quarks and string, and the equations describing
them, is as basic a scientific discovery as the discovery of
Newton's Laws in the 1600's or the Laws of Electricity in the
1800's.

I was fully involved in these discoveries. Moreover, this
‘ras followed by my trip to Sweden to receive the Nobel Prize and
Lhe extraordinary respect from scientists and laymen alike that
this award brings.

Many young scientists in the 60's received their graduate
training by participating 'in research such as mine; these
scientists today are faculty members at universities in every
state in the U.S. The scientific opportunities awaiting them and
their graduate students today are even more spectacular than when
I started out. Telescopes and satellite observatories have
completely altered our view of the universe, uncovering explosive
events that consume entire galaxies of stars, or tiny pulsars
that send pulses to earth with greater regularity than any
earthbound clock. The current excitement over high temperature
superconductors is only a tiny indication of a vast revolution in
materials ranging from polymers and optical fibers to drugs and
catalysts. This revolution is entering a new stage due to
microscopes which can see individual atoms, and new techniques
(such as molecular beam epitaxy) for building new materials, atom
by atom. The continuing unfolding of the molecular basis of life
was illustrated most recently in the search for the gene
responsible for cystic fibrosis. Critical for human survival is
the growing investigation of the global environment and climatic
change.

Moreover, the accelerating computer revolution is profoundly
extending the scope of science. It used to be that the most
fundamental question asked by scientists was "What is this object
made of"? Now, an equally important question is "How does this
system work"? For example, scientists first learned that
proteins (crucial components of life) are made up of amino acids.
Now the exciting question is "How do entire proteins fold to
achieve their biologically active structure"? The most powerful
computers (supercomputers) are needed to manage all the data that
such questions involve. The vast challenge of computer-aided
design, engineering and manufacturing, is to understand and
control the life history of all kinds of products -- from
manufacture to final disposal as waste -- before they leave the
drawing board. Computer networking is creating a revolution in
communications as profound as the invention of printing 500 years
ago, leading to instantaneous national and global scientific
collaborations and the instantaneous capability to selectively
search man's entire storehouse of knowledge.



The last twenty years has seen the emergence of regions of
high technology economic development such as "Route 128" or
"Silicon Valley" where world class universities provide highly
trained manpower and the fruits of basic research to a mix of
large and small companies. A major challenge to the next
President is to encourage high technology growth throughout the
country in collaboration with state Governors and their high
technology economic development programs. I believe that many
more high technology zones can be identified than are presently
recognized, each with a different range of specialties
benefitting from the many scientific and engineering revolutions
now underway. At the heart of almost every such region there are
university faculty of high quality with potential Nobel Prize-
winning research gecals. Their research can inspire successive
generations of students to the creativity a modern high
technology regions requires.

Unfortunately, the budget of the NSF is now far too small to
meet the needs of even the most outstanding research projects.
Scientists from all parts of the country prepare proposals for
new research investigations, proposals that NSF program directors
are eager to fund but either reject outright, or drastically
underfund because of budget shortfalls. It is especially
difficult for young scientists starting their careers, or
scientists outside the most prestigious Ivy League or California
universities to compete against the highly productive ongoing
research programs at these universities, although even Nobelists
at Ivy Leaque schools, working on high temperature
superconductivity, are being cut back too.

The difficulties at the NSF reflect a dramatic rise in
budgetary pressures at the NSF over the past two decades. The
sources of these pressures are, first, the transfer of major
defense-funded programs to the NSF (such as the Materials Science
Centers). Then, there was the growth of engineering research and
graduate training programs in critical areas like electrical
engineering and computer science to rival the science programs at
NSF. Then, there was an explosive growth in the cost of research
instrumentation, fueled by a rapidly growing industrial market
for scientific instruments. Then, there was the centinuing
growth in the power of computers and the need to supply and
update computers of all kinds for research. Most recently, the
NSF has started its programs of engineering research centers,
supercomputer centers, and the proposed science and technology
centers, all of which are essential to support interdisciplinary
groups studying complex systems.

The Reagan administration has proposed that the NSF budget
be doubled over the next five years. I believe what is needed is
to triple, not just double, the NSF budget.



This goal is, of course, very difficult to accomplish in an
era of massive deficits. There is broad but shallow support for
the NSF in Congress. There is a growing awareness of the NSF
ameng state governors as they focus on needs for high technology
development within their own states. However, there has been no
powerful political voice supporting NSF in Congress in comparison
with the support heard for the NIH, or defense, or major social
programs. The university scientists and engineers who are.
supported by NSF are a minute fraction of the body politic,
fragmented and politically naive. The role of these university
faculty in economic development is poorly understood by the
scientists themselves, as well as most laymen. Even the Congress
is skeptical, being very concerned about the ease with which
competitors abroad take advantage of U.S. research results.

There are obvious and valld concerns about the effectiveness
of technology transfer from U.S. universities to U.S. industry,
especially in the face of the massive trade deficit. It is, I
believe, extremely dangerous to starve U.S. science because of
these concerns. First, virtually the entire product offerings of
U.S. industry are redesigned over a period of a decade or two,
and the technology base for these designs is vastly different
today than it was twenty years ago. Given the scientific
revolutions underway in such key areas as materials and
biotechnology, the advances in industrial technology worldwide
over the next twenty years could be even more dramatic and the
dangers if the U.S. falls behind are, I believe, extreme even by
comparison to today's deficits. Second, there are areas where
university/industry technology transfer works well, for example,
technology transfer to U.S. military industries. Third, as Erich
Bloch (Director of the NSF) has emphasized, whatever the causes
of U.S. competitive failures in high technology =-- from the
overpriced dollar to the conservatism of middle management in
large U.S. companies, to actions by our competitors abroad -- one
has to look to university faculty to take the entrepreneurial
lead in improving technology transfer to U.S. civilian
industries. Starving U.S. science so that there is no technology
to transfer is not, I think, the best strategy to pursue.

The scientists throughout the U.S. are ready:; the time is
ripe and many revolutionary research possibilities await them.
All that is missing is the political will to provide them with
support. This support is amply justified by the need to
accelerate high technology growth surrounding research
universities throughout the country. Economic growth is now the
key to deficit reduction as well as continued global leadership
by the U.S.

I have set aside half of my time to work on science policy
issues over the next few years. I am moving from Cornell to the
Ohio State University, partly in hopes of being more involved in
the many practical issues of high technology advance. I am ready
to help in any way I can to bring about another Sputnik-like
advance in the support of science.
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The FY 1989 Budget Request is $2.05 billion, an increase of more
than 19 percent over FY 1988. It includes a proposed new
appropriation for Science and Technology Centers. The request

reaffirms the Administration's commitment to double support for
NSF, primarily for academic basic research.



CHART 1

NSF BUDGET SUMMARY

FY 1988—1989
(DOLLARS IN MILLIONS)

FY 88 FY 89 CHANGE FY89/88
APPROP REQST AMOUNT CHANGE

RESEARCH AND
RELATED ACTIVITIES 1,453 1,603 150 10%

SCIENCE AND
ENGINEERING EDUCATION 139 156 17 12%

U.S. ANTARCTIC
PROGRAM 125 141 16 13%

SCIENCE AND |
TECHNOLOGY CENTERS o 150 150 N/A

TOTAL, NSF $1,717 $2,050 $333 19%



FY 1981 - FY 1993
This chart shows the planned doubling of the current budget by

FY 1993, a return to the plan put forth by the Administration
last year.
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NSF BUDGET ESTIMATES
FY 1981 — FY 1993
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At the requested level of $2.1 billion, NSF accounts for less

than 3 percent of the FY 1989 Federal R&D Budget. On the other
hand, NSF funds a significant (about 28 percent) share of basic
research undertaken in U.S. colleges and universities,



CHART 3

FEDERAL SUPPORT FOR CONDUCT OF
RESEARCH AND DEVELOPMENT
NSF SHARE, FY 1989

-y 2.9% @‘ 18.17%

NSF SHARE OF NSF SHARE OF TOTAL
TOTAL R&D BASIC RESEARCH

—— 27.67%

NSF SHARE OF BASIC RESEARCH IN

AN EcCe AMD LHiINN/CDeITIC S



CHART 4 : 3asic research as a percentane of total Federal R&D has been droppina.
One reason is that defense now takes a laraer share of Federal R&D than in the

past--more than 70% of the total--and DOD spends less than 3¥ of its R&D budoet on
university research.



CLART 4
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Research support experienced no real growth for the third

straight year. In constant dollars, the NSF research and related
appropriation for 1988 is virtually level with 1985.
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Charts £-9

Three themes continue to shape the NSF budget request: 1) people
and education; 2) basic research at universities; and 3)
cooperation between various sectors of society. Charts & through
9 define these themes and provide examples of activities
included under each.



CHART &

FY 1989 STRATEGIC THEMES

o Education and Human Resources

o Disciplinary Research and Facilities

o Centers and Groups



CHARY d

EDUCATION AND HUMAN RESOURCES

o Two Main Aspects:
— Increasing supply of scientists and
engineers for future
— Broadening participation
o Women, minorities, disabled
o Institutions
o Geographic regions
o Crosses all Foundation organizations
o Examples: Graduate Fellowships
Presidential Young Investigators
Minority Research Initiation
Research Opportunities for Women
Minority Scholars
Special Postdoc Programs

Research Improvement in Minority Institutions
EPSCoR



CHART &

DISCIPLINARY RESEARCH & FACILITIES

o Increase Grant Size and Number:

— Support of students and postdocs
— Instrumentation

o New or Expanded Research Areas:
— Superconductivity
— Materials chemistry
— Biological communication
— Manufacturing systems
— Parallel computing
— Cosmology

o National Facilities

— National Supercomputer Centers
and NSFNET strengthened

— VLBA construction continues

— Physics facility upgrades at Michigan State,
Cornell and Indiana come online

— Antarctic —— research ship, lgboratory space,
aircraft refurbishment



CHART §

CENTERS AND GROUPS
FY. 1989

o Continuing Centers
— Materials Research Laboratories
— Engineering Research Centers
— |nteragency Plant Science Centers

o Groups
— Materials, mathematics
— Global geosciences
— Biotechnology, ecology

— Emerging engineering technologies

o Separate S&T Centers Initiative



CHART 10: Concerns about the future supply of scientists and ennineers are to a
large degree attributed to the fact that the number of 22-year-olds has been drappino

steadily. Unless more undergraduates are attracted to S & E fields, the number of
S & E deorees must decline also.



CHART TO

ESTIMATES OF 22-YEAR-OLDS IN THE U.S. POPULATION

TOTAL POPULATION IN THOUSANDS
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In FY 1987, NSF grants and fellowships supported over 47,000
senior scientists and engineers, postdoctoral associates,
graduate students, undergraduates and pre-college teachers. The
actual numbers of current and potential scientists and engineers
supported -- at all levels from high school students through
senior scientists -- are rising sharply. Across the Foundation,
the FY 1989 increase will support over 14,000 additional people -
- a 30 percent increase over FY 1987. f7These people represent the
current and future source of scientific and technological
creativity.



CHART §{

NATIONAL SCIENCE FOUNDATION
SUPPORT FOR HUMAN RESOURCES

FY 1987 aoctual
(Total = 47,600)

15,800

8 40)()

14,700

6,400

7,200

8

FY 1989 estimate

(Total = 61,600)

18,900

5800

17,100

9,300

9,500
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Senior Scientists

Postdoctorals

Graduate Students

Undergraduates
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High School Students
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CHART 12: The four appropriation accounts in the FY 1989 Peauest are: Research and

Related, Science and Technology Centers, the UL.S. Antarctic Procram, and Science
and Enoineering Education.

This chart provides a breakout of our Jargest account, Research and Related Actvities.



CHART $a.

NSF BUDGET SUMMARY
FOR
RESEARCH AND RELATED ACTIVITIES

FY 1988—1989
(POLLARS IN MILLIONS)

Fr 88 FY 89 Fvysg/88
APPROP REQST CHANGE

MATHEMATICAL AND PHYSICAL SCIENCES $ 473 ¢ 503 6%

GEOSCIENCES 291 321 10%
BIOLOGICAL, BEHAVIORAL AND SOCIAL

SCIENCES 266 289 9%
ENGINEERING 171 196 14%
COMPUTER AND INFORMATION SCIENCE

AND ENGINEERING 124 149 20%
SCIENTIFIC, TECHNOLOGICAL AND

INTERNATIONAL AFFAIRS 44 S1 167%
PROGRAM DEVELOPMENT AND MANAGEMENT 84 95 _13%

RESEARCH & RELATED ACTIVITIES $1.453 $1603 _10%




Scientific research continues to be the principal expression of
U.S. national interest and policy in Antarctia.



CHART 13

U.S. ANTARCTIC PROGRAM
FY 1989

Increases from $125 M in FY88 to $141 M
Research program strengthened

Continue with acquisition of
ice—breaking research ship

LC—130 refurbishment program continues

Science enhancement at McMurdo



With the FY 1989 budget request, NSF funding for precollege
education will have increased tenfold since FY 1983 (Chart ﬂ“ﬂ.
We estimate that in FY 1989 NSF will support over 12,000 pre-
college teachers and high school students in programs designed to
increase their ability to teach and learn science and
mathematics. This emphasis on pre-college education addresses
the growing awareness that America is not competitive in the

areas of primary and secondary school science and mathematics
training.
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CHART E

SCIENCE AND ENGINEERING EDUCATION
| (FY 1989)

Increases from $139 million to $156 million
Summary by level:

Precoliege $108 M
Undergraduate 249 M
Graduate 24 M

100 Additional New Graduate Fellows
(Increased from 760 to 860)

Double support for Comprehensive Regional
Centers for Minorities

_:m.\ﬁwcoﬁmo:o_ Materials for Middle School Mathematics



CHART 18~

SCIENCE AND ENGINEERING EDUCATION
SUPPORT BY EDUCATIONAL LEVEL
FY 1983 — FY 1989

< Pro—college 6.9% < Pre—college 69.7%
<] Grad/Postdoc 93.1% <] Grad/Postdoc 15.3%
~ill} Undergraduate 15%

FY 1983 (TOTAL = $16.09 MILLION)
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The STC program, originally proposed for FY 1988 funding, was not
initiated because of the severely constrained appropriation. We

propose a new appropriation in FY 1989 of $150 million for STCs,

to fully fund 12 to 15 centers for up to five years.
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CHART 16

S&T CENTERS
FY 1989

New $150 Million Appropriation in FY 1989

Up—front, fully funded Centers

Slow outlay pattern

Initiate 12 to 15 centers in FY 1989

Projected award size: $1—5M per year for up to 5 years
Merit review

Topics not targeted by NSF in advance



CHART Lgf

S & T CENTER PROPOSAL STATISTICS

Receipt Date: January 15, 1988

Proposals Received: 325

Number of Institutions: 122

Number of States: 42

Total Requested: $4.1 Billion (for 5 years)
Average Total Request: $12.6 Million

First Year Average Request: $2.4 Million



CHART 18: . In constant dollars, U.S. R&D snendine rose 65% between 1970
and 1986. But in the same neriod Rerman spendinc doubled and Japanese
spending tripled.



PERCENT

R&D EXPENDITURES AS A PERCENT OF GNP
FOR SELECTED COUNTRIES: 1965, 1975, AND 1985
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NSF SUPERCOMPUTING
AND NETWORKING ACTIVITIES

« NATIONAL SUPERCOMPUTER
CENTERS

JVNC (PRINCETON)
CNSF (CORNELL)
PSC (PITTSBURGH)
SDSC (SAN DIEGO)
NCSA (ILLINOIS)

« NSFNET

NSFNET BACKBONE
(MERIT) AND
INTERNET



SUPERCOMPUTER CENTERS/
NSFNET

« Multi-Institutional Partnerships

(Federal/State/Industry/University)

» Services to Researchers

« Multiple Goalé, Motivations,
Needs, Resources

« Matrix of Relationships Shapes
Policy, Action, OQutcomes



HISTORY:

Phase |l - FY84-87

Goal - Access to Supe_rcomputers
for NSF Grantees through
PDs | |

Method -  NSF bought blocks from
Boeing, Minn., Purdue,
Bell, CSU, Digital Prod.

Result - 932 Projects, 21K CPU
hours

Cost - $23M



CURRENT EVENTS:

Phase Il - FY85-90

Goals - Continue Access ahd Impact Science
Train/Educate
Stimulate US Computer Industry

Methods - Establish dedicated Centers (5)
 Highly leveraged

Leading edge machines

National Network

Open to all researchers

Encourage: Innovation,
Parallelism, Tools,
Industry/University

collaboration,

Multi-disciplinary research

Results - About 150K CPU hours/year
6000 researchers on 2000 projects
3000 trained
1000 papers and growing
Growth in high-end academic
computing

Cost-  $40-50M/year O¥Faloss)
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ALLOCATIONS

Open to all researchers, NSF and
others

Serves the national research
community, with no set-aside for
local researchers

All allocations are done at the
five NSF centers, not at NSF

Panels of scientists from many
disciplines make decisions

Research institutions can request
block time for small start-up
research or education/training
purposes



OVERVIEW AND STATUS OF
SUPERCOMPUTING CENTERS

Five National Centers
Fully Operational and Utilized

Since 1986:

6000 accounts authorized

2000 projects completed

[ ]

105 training sessions (2743 participants)

107 research workshops (2831 participants)

677 attributed published research papers

Disciplinary Distributions of Use (by NSF Directorate)

Bies (68
[Jees ¢ 108)
VGE0 ( 11%)

Eleve ¢ 108)
Bl cIse (19




TRAINING AND EDUCATION

TRAINING AT CENTERS
2-3 DAY BEGINNER COURSES

SPECIALIZED COURSES - GRAPHICS, WORK-
STATIONS, NETWORKS, ETC.

OFF-SITE AT ACADEMIC AFFILIATES, CON-
SORTIUM MEMBERS

ON-LINE TRAINING"” -

TO DATE, OVER 100 OF THESE COURSES
TRAINING NEARLY 3000 RESEARCHERS




SUPERCOMPUTER SUMMER INSTITUTES

INSTITUTES IN FY85 (3), FY86 (6), FY87 (8), NSF
AND OTHER AGENCIES HAVE FUNDED ~§1.5M

COMPETITIVE SOLICITATION

AWARDS TO NATIONAL CENTERS AND OTHERS

2 WEEK INTENSIVE TRAINING/EDUCATION FOR
YOUNG RESEARCHERS

RAISING OF AWARENESS
600 ATTENDEES TO DATE

STUDENT TRAVEL/PERDIEM PAID BY NSF

EMPHASES
SCIENCE/ENGINEERING APPLICATIONS

PARALLEL AND VECTOR TECHNIQUES
LIBRARIES

GRAPHICS 3

NETWORKING

EACH STUDENT RECEIVES ADEQUATE SUPER-
COMPUTER TIME TO FINISH A PROJECT. MOST
BRING WORKING FORTRAN CODES FOR CONVERSION

\_ ANDOPTIMIZATION. /




SUPERCOMPUTER CENTER

COST SHARING
(% OF TOTAL OF $88.2M IN FY 1988)

8.39%
M NSF
STATE
IND.
UNIV.

O CONSORT.

46.60%

31.63% |

9.75%



SUPERCOMPUTING ISSUES

. ASSESSMENT

« UPGRADES (CHOICE/COST)

« NEW GENERATION MINI-SUPERS
« OTHER SUPERCOMPUTERS

« SUPERCOMPUTER RESEARCH



OVERVIEW AND STATUS OF
SUPERCOMPUTING PROGRAM

General Directions

Maintain NSF Centers

Make up deferred acquisitions in FY 1989

Begin upgrades in FY 1990

improve program balance
- increase research on computational methods

- support use of new teéhnologles

focus on highest capabllity

focus on greatest research needs



OVERVIEW AND STATUS OF
NETWORKING PROGRAM

PROGRAM GOALS

« BROADEN ACCESS TO RESEARCH RESOURCES
(Initially Supercomputer Centers, now
to unique computing and data resources,
other researchers)

BROADEN ACCESS TO TEACHING RESOURCES

INCREASE EFFICIENCY OF FEDERAL RESEARCH NETS

ADVANCE STATE-OF-ART OF NETWORK TECHNOLOGY

ADVANCE STATE-OF-ART OF NETWORK
APPLICATIONS AND SERVICES



NETWORK COMPONENTS

« PEOPLE
« COMPUTERS
« SOFTWARE

« DATA RESOURCES/
INFORMATION

* LANS, CANS, RANS
« LINKS AND SUBNETS

« NATIONAL INTERNET
BACKBONE

- INTERNATIONAL LINKS



OVERVIEW AND STATUS OF
NETWORKING PROGRAM

NSF NET STRATEGY

PROVIDE RESEARCH SERVICES
(Using professional manager)

CONDUCT ADVANCED RESEARCH

SHARE FEDERAL AGENCY RESOURCES
(Promote Internet)

ADVANCE STANDARDS

LEAD AS PER FCCSET RECOMMENDATIONS



OVERVIEW AND STATUS OF
NETWORKING PROGRAM

NSFNET ORGANIZATION

THREE-LEVEL HIERARCHY

« NSFNET BACKBONE

« SUPERCOMPUTER CONSORTIUM NETS,
REGIONAL, DISCIPLINE NETS

« CAMPUS NETS



NSFNET




NSFNET/INTERNET

COST SHARING
(% OF TOTAL OF $97 M IN FY 1988)

B NSF

STATE- DR
B INDUSTRY
UNIVERSITY
0 CAMPUSNETS




Time lines of notable computer networks
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Xatox CIN: Corporate Intemasd
Xoran AIN: Ressarch |ntermat

Note: CONnat, CYCLADES, EAN, NETNORTH,
and SMARTIX are not acronyma,

The past five years have seen the
number of networks soer dra-
matically. Many initially used
transmission protocols and tech-
nology developed by one or
more older networks; these are
indicated by the vertical dashed
lines connecting networks.
{More recently, some networks
have begun (o use other pro-
tocols, particularly ISO-OSI and
Arpanet standards.) Solid verti-
cal lines between networks indi-
cate systems under closely relat-
ed administrations. Dashed
horizontal lines indicate pro-
iocols or demonstration systems,

rather than operational net-

works, Networks in ltallcs are
internets—several networks tied
together that use the same trans-
mission protocols.

{EEE SPECTRUM FEBRUARY 968



{eprur)) npacopaiem o
{epeuny) npa-ojuoros @
{rpwueg)ropuwio ¢
(veder) df 100 @

T
SUIGMIAN TYNOILYNHIINI 1yn @ :vndq--.md«u . pine SUUQ 194 10N »
npusersynijes @ npesin ®
oﬁ-_.ﬂuwn " worsxu m Wospbe s 1eNSZX ¢
OHiniwroeprsa w pusi e uoisnoy !ou.ﬂ._“” " 13NVUY =
LpuUTpITME @ aouen e
(vepsmg)mswes @ pueiuy @ o Ionsuond ©
{rason)1stey o (wpsusdigane AT
vede| @ s @
npeyn®
SIIVINIIVY TYNOILLYNYILNL
npraune
B0t e NPEISresy-osnN
Bioaudur e ruioreds
npynpe ® 3“‘..03-0
nprpuwn e YOS A
Eeﬂ- . AAne ..s Yo Irasene
213 1o ° vuein AutIgne
npemsefiny @ jsue npnpm wdizaioos-me
woren e Mmopbiosd e nen O 0., edivsaepn
« wojeind & oy gaoumin @ ..:vo.-.SE_a ou wox i ase
worpenq @ -pusdn 3 g S prowsid ¢
° npe . S | npewbps g
WoI 81004184 § sdway NPT &.Sﬂ...aznlgﬂ. uoT e
8qs-Auns @ . Mieqe apsrenpnd - WOl e
-._.-.n..ase...h ‘ g ~ ..m iy . wodsquidy ¢
mnlu e )0Ls- 28503 1 Igﬂoi.—- SOy o
sdrrppedipiuan-wa) ¢ ..."a_zo_ vy & - : WoYssp IMaep g
At wornub b . 2k
sdimaped m UMD I . npe: o : npalanroqy
vuodn @ FANEE S / . " sdds e
ROp-Q4t @ yun ¥ -—‘ - , . ]
mpeynowuep @ o npe 2 B . . Wworym e
sweHm @ ) 163 . npauoBaion g pusjpod o
JSprisjseem o e-mO3e @ ms-voBuog npaabo o
npaisujibuem @ Sram woY{nu'oue
npaquin @ npadi o npaooiIsIIM e J
]

npassewn @ driepa-el B npeowoisie gfganan @
nemon @ fvegpe | sopuwoy u.....!. . ediw-uoiBuiysom
sy e inevdap ®

LBupoq
APYIISISEIYUOU & s » LUY
sdiwpiojpag-aips » Buiq-Aums ® an
npyjjw ® edisinjasyso) »
npr Ay B e
sqej-nb e «  NpYHRUIOI B
rubip ¢ npeaebiod o
uUsrys m n{siued @
wussinu ofenng ¢
s(ppunsq @
npang e
worugq 8

986} ‘Sl AINf ‘AN 21ydiboes |INSD



NETWORKS,

NUMBER OF USERS,

SPEEDS

Effective Bandwidth
(Bits/Second) Range 1990'S NET

1,000,000

10,000

100

© BITNET

100 10.000 1,000,000

Number of Users



A RESEARCH AND DEVELOPMENT
STRATEGY
FOR
HiGH PERFORMANCE COMPUTING

W
Execu‘tive Office of the President

Office of Science and Technology Policy
November 20, 1987



NATIONAL RESEARCH NETWORK

Stage 1  Expand interagency collaboration;
interconnect networks; upgrade to 1.5 mb/s

Stage 2 Expand (interagency) netwnrk; 45 mb/s
trunking; 1.5 mb/s to 200-300 institutions

Stage 3 1.3 gb/s trunking; 1.5-45 mb/s to 1000
institutions



CURRENT ACTIVITY: NETWORKING

NATIONAL RESEARCH INTERNET
ACCEPTED

NSF IS LEAD AGENCY
AGREEMENTS AMONG
NSF, DARPA, DOE, NASA

"FRICC" CREATED AND OPERATING

"PHASE 1 BEING ACCOMPLISHED FROM
FY 1988 RESOURCES

ADVANCED "T-3" (45 MB) BACKBONE
PLANNED AND STARTED VIA
DARPA/DOE/NASA SUPPORT TO NSF

HIGH SPEED NET RESEARCH
BEGUN BY NSF/ARPA/INDUSTRY

NSB 3/18/88 18



MORE CURRENT ACTIVITY: NETWORKING

NSB 3/18/88

"GIGABIT" NET ADVISORY COMMITTEE
ESTABLISHED BY DARPA

"POLICY BASED ROUTING" ISSUE
IDENTIFIED

UNIFORM NET SERVICES WORKING
GROUP ESTABLISHED BY NSF

ARPANET/NSFNET "RATIONALIZATION"
INITIATED

FY 89, 90 BUDGET COORDINATION
INTERNATIONAL POLICY DEVELOPING

TRANSITION TO COMMERCIAL NET
OPERATION ESTABLISHED AS GOAL

19



The National Science Foundation
"Efforts in Science and Technology Education™

presented by

Dr. Bassam Shakhashiri
Assistant Director for Science and
Engineering Education



NATIONAL SCIENCE FOUNDATION

news

FOR RELEASE:

Elizabeth Tait February 29, 1988
Office: (202) 357-9498 NSF PR 88-11
Home: (703) 527-6938

INTERNATIONAL SURVEY GIVES U.S.
A FAILING GRADE IN SCIENCE EDUCATION

Students at the 5th, 9th, and 12th grade levels in the
U.S. perform poorly in science subjects compared to their
counterparts around the world, according to the results of an
international science achievement survey reported today by the
National Science Foundation (NSF).

"For a technologically advanced country, it would appear
that [in the United States] a reexamination of how science is
presented and studied is required," concludes the preliminary
report of the Second International Science Study, conducted by
the International Association for the Evaluation of Educational
Achievement (IEA), an association of research centers.

U.S. fifth grade students ranked 8th among 15 countries.
At the 9th grade level, U.S. students placed 15th in a field of
17 nations, with only Hong Kong reporting poorer performance.
Among high school seniors pursuing a second year of study in
biology, those considered to be "advanced placement" students
and science specialists, the U.S. placed last with an average

mean score of 37.9 percent. Advanced chemistry students in the

-more-
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U.S. placed 11th out of 13 countries. Second-year American
physics students ranked 9th of 13 countries.

"These findings emphasize again the troubled state of
science education in the United States. We need a continual
flow of talented and well educated people in order to maintain
and improve the strength of the U.S. scientific and
technological workforce," commented NSF Director Erich Bloch.
"The critical question is whether we will be able to provide
the high quality science and engineering personnel essential to
meet the challenge of both our own dcomestic needs and those of
the international marketplace.

"America's future as a world technological and economic
leader and the quality of l1ife we enjoy depend on confronting
the real problems in science education with vigor,
determination and a sense of urgency."

During the period 1983 to 1986, international tests based
on sclence curriculum studies in each participating nation were
administered to some 204,308 students at 7581 schools in 24
countries. The report released today contains preliminary
results for the 17 countries for which data is now available:
Australia, Canada, England, Finland, Hong Kong, Hungary, Italy,
Japan, Korea, the Netherlands, Norway, the Philippines, Poland,
Singapore, Sweden, Thailand, and the United States.

Three academic levels were selected for testing within
each educational system: near the end of primary school,
around the age of 10 years, typically grades four or five; the
point in secondary school when education in most systems is
still full-time and compulsory, l4-year-olds, or grades 8 and
9; and the terminal year of secondary school, 12th grade.

These are the same populations sampled in the first IEA science
achievement survey of 19 countries in 1970.

Among 10-year-olds, students in Japan, Korea, and Finland
were the top performers with mean scores of 15.4 and 15.3 out
of a possible 24 correct answers to test items. Singapore,
Hong Kong, and the Philippines are at the bottom of the scale,
and the U.S. is in the middle with a mean score of 13.2.

At the intermediate level, Hungarian, Japanese, and Dutch
9th graders demonstrated the highest achievement, correctly
answering 19.8 to 21.7 out of 30 questions. American l14-year-
0lds ranked third to the last with 16.5 items correct, ahead of
Hong Kong and the Philippines. In Thailand, whose score
equalled that of the U.S., only 32 percent of this age group is
in school, as opposed to 100 percent in the United States.

=-more-
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The bottom 25 percent of the fourteen-year-olds performed
particularly badly in England, Hong Kong, italy, Singapore, and
the U.S. The lowest-scoring children were scoring at chance
level, indicating that, from the test's point of view, they
were scientifically illiterate, according to the report.

The United States did not administer a test to high school
seniors not taking science in conjunction with this study, so
only data on biology, chemistry, and physics specialists is
available for international comparison. In general, Hong Kong,
England, and Singapore, where advanced secondary students may
be studying only mathematics and science, were the highest
scoring nations at the 12th grade level. Canada, Italy,
Finland, and the U.S. recorded the lowest marks overall.

"The data paint a dismal picture of science education in
the United States today. But American children have just as
much native curiosity and capacity for learning about science
as children in any nation," said Bassam Z. Shakhashiri, NSF
Assistant Director for Science and Engineering Education.

"We must develop quickly the national will to improve the
effectiveness of science education in American schools. All
segments of our society must work together to nurture our
children's curiosity and to provide for them teachers,
materials, and surroundings that help them to learn science.
The NSF is supporting the development of new curriculum
materials for students in grades K-12, and the training of
elementary school teachers is a high priority also in our
efforts to improve science education."

The survey measured also the differences in science
achievement between the sexes. In grades five and nine, in all
countries reporting, boys had higher scores than girls. 1In
Grade 12, in biology, chemistry, and physics, boys performed
better than girils except in biology in Australia, Hong Kong
(Form 7 level), and Sweden. In the U.S., the higher the grade
level, the greater the discrepancy between boys and girls.
Female students who were taught science by female teachers did
not perform better than those taught by male teachers.

The report of the the Second IEA Science Study released
today is an interim presentation of some selected international
achievement score results intended to provide initial
information from cross-national comparisons. Three
comprehensive reports will be published in 1989. The first
will concern science education and curriculum in 24 countries.
The second will present basic descriptive statistics and
explanatory analyses of between and within country differences
in science education achievement in the 24 countries. The

-more-
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third will compare science education and achievement in the ten
countries which participated in the IEA science studies in 1970
and 1983-1986.

Each participating school system collaborated in the
research, and each was responsible for its own funding, data
colection, data analysis, and preparation of national reports.
Funding of approximately $1.25 million was provided by NSF.
Additional intermational support came from the Japanese
Shipbuilding Industry Foundation, the Center for Statistics of
the U.S. Department of Education Office of Educational Research
and Improvement, the Bank of Sweden Tercentenary Fund, and the
Swedish National Board of Education.

The Australian Council for Educational Research in
Melbourne serves as the international coordinating center for
the study. Subsequent data processing and analyses are being
undertaken at the Institute of International Education at the
University of Stockholm and at the Institute of Comparative
Education of the University of Hamburg.

Single copies of the report are available from the Office
of Studies and Program Assessment, National Science Foundation,
1800 G Street, N.W., Washington, D.C., 20550. Telephone (202)
357-7425.

The U.S. coordinators are both at Teachers College,
Columbia University: Richard N. Wolf, (212) 678-3355, and
Willard Jacobson, (212) 678-3382.

-and-
[Graphs and charts follow]



RANK ORDER OF NATIONS FOR EACH POPULATION LEVEL
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10 yr. 14 yr. Grade 12/13 Non
olds olds Bio. Chem. Phys. Science
Grade Grade Students
4/5 8/9
Australia 9 10 9 6 8 4
Canada (Eng) 6 4 11 12 11 8
England 12 11 2 2 2 2
Finland 3 5 7 13 12 -
Hong Kong 13 16 5 i 1 -
Hungary 5 1 3 5 3 1
Italy 7 11 12 10 13 7
Japan 1 2 10 4 4 3
Korea 1 7 - - = =
Netherlands = 3 - - - =
Norway _ 10 9 6 8 6 3
Philippines 15 17 - - - -
Poland 11 7 4 7 7
Singapore 13 14 1 3 5 6
Sweden 4 6 8 9 10 -
Thailand - 14 - - - =
U.S.A. 8 14 13 11 9 =
Total No.
of Countries 15 17 13 13 13 8

—-3-



Grade 5 Science Achievement in 15 Countries

4Japan 15.4
% Korea 15.4

Finland 15.3

Countries

Singapore 11.2
 Hong Kong 11.2
Philippines 9.5 L

4] 2 4 & B 10 12 14 16 18 20 22
Meaan Number of ltems Correct {of 24)

Grade 9 Science Achievement in 16 Countries

' Hungary 21.7
i Japan 20.2
Netherlands 19.8

*] Norway 17.9
Australia 17.8
-1 Engand 16.7

{ ltaly 16.7
Thailand 16.5

*§ Singapore 16.5
U.S.A. 16.5
Hong Kong 16.4

e}

2

] 5 10 15 20 25
Mean Number of ltems Corect (of 30)

‘30



BIOLOGY SPECIALISTS (Mean Percent Correct)

Singapore 66.8
England 63.4

Countries i Hong Keng (Form 6) 50.8
Finland 48.9

Sweden 48.5

Australia 48.2

Canada (Eng) 45.9
italy 42.3

0 10 20 30 40 50 60 70 80 80 100

Mean Percent Carrect

CHEMISTRY SPECIALISTS (Mean Percent Correct)

H. K. (Fm7) 77.0

U.S.A. 3.7
g Canada (Eng) 36.9
&l Finland 27.2

i L
. T

0 10 20 30 40 50 60 70 80 90 100

Mean Pearcent Correct



' PHYSICS SPECIALISTS (Mean Percent Correct)

gl Hong Kong (Fm 7) 69.9
Hong Kong (Form 6) 58.3
2% England 58.3
Hungary 56.5
Japan 56.1
&] Singapore 54.9
Norway 52.8
Poland 51.5
Australia 485
US.A. 455
4 Sweden 448
Canada (Eng) 38 6
54 Finland 31.0
! l_laly 280 y : = o

" L] L

v . N

a 10 20 30 40 50 60 70 80 90 100

Mean Parcent Corad
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Real Increase in 1988 National R&D Funds
Estimated at Lowest Rate in Eleven Years

Highlights

» ThoNgtioh js expected to spend 5132 billion on research
and d vl gpmnt 0 1988, or 7 percent more than the amount
estimat d tg have been gpent in 1887, After adjusting for
expect o inf jati gn. this represents a J-percent Increase. ' the
bwest rate of real Teseard and development (R&D) growth
ince 1g77-

e Byween 1977 and 1882, national R&D expenditures
incre gied 4 5 pef gent ennually in real-dollar terms. Between

"The #Stimated 198788 urowth in real R&D expenditures 5 hagd O an
assumed 4-pertent Change in the GNP implicit price deflator: as eslimated by
the Office of Manavement and Budget:

1982 and 1985. real R&D crowth increased to 6.8 percent
annually, before slowing to 4 percent in both 1986 and 1987
{chart 1).

* [t is expected that about 88 percent of the Nation'v total
R&D} expenditures will be spent on development activities in
1988, a fraction that has increased gradually from a level of 64
percent in 1982. This shift toward development 1w primarilv a
result of major increases in Federal spending on defense R&D
activities, which is about 80 percent development

¢ The proportion of U.5. gross national product (GNP} spent
on R&D activities is estimated at 2.7 percent for 1888 . the
ratio has remained relatively unchanged since 1985 Between
1978 and 1985. the U.S. R&D GNP ratio increased from 2 {
percent to 2.7 percent. The U.5 ratio will continue to exeed
or approximate that of other market-oriented. industrialized

Chart 1. National R&D sxpenditures

Expanditures
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National R&D Expenditure Trends

Althgugh natjonal R&D expenditures are expected to increase
7 percent in 1988 to 5132 billion. this ¢rowth represents a
tpntinuation in the recent slowing of total R&D support.
Measured in rea] 1982 doilars, the Nation increased its R&D
expenditures at a gleady 4.5-percent average annual rate
between 1977 and 1982, During the 1982-85 period. annual
growth in such expenditures accelerated to 6.8 percent. But
inflation.adjusted R&D support slowed to a 4-percent rate of
increase (n (986 and 1987. and real 1988 R&D expenditures
are expected to be only 3 percent more than 1987 levels.
Slackening in both Federal and non-Federal support has
contributed to this 3-year slowing in national R&D-expenditure
growth

Since 1980. most of the gain in national R&D support is
attributable to major increases in Federal defense spending.
Approximately one-half of total U.S. R&D expenditures Is
provided by the Federal Gavernment. and slightly more than
70 percent of this Federal R&D total is for defense activities.
Although the Department of Energy provides support for defense-
related research and development, two-thirds of the Federal
R&D total is expected to be incurred by the Department of
Defense { DOD} in 1988.° Increases in DOD's expenditures

“These percentage share estimates of defense-related R&l} «xpenditures
are hased on 1988 Federal buduet totals,

Averunt for fullv 90 percent of the estimated srowth 0 Fod e
R} =epport between (980 and 1988

DD s vxpectend to ontinue shitne s R&D emphisi-
fromt research o development. in 9H). development acéountet |
Fur 43 percent of DODS HaD support. m 189980 1o ran estimated Y2

peteent Whien the tonde ob other aee actes are e bgloa the
prpurtian ob total Froederal ReD tods desoted) b deae lopmen »
e Eated ol T2 paercent for 988 Basic rosearch anml aopta
resourt Iewch will ceornoe an estimated 14 percent Shepe o

the: Federal RED dodbir n 1988 In 1980 the: pert vntave shares o)
Federal R&D suppirt were I percent lor basi research 24
petcrat for applied research. and 61 perrent fur devedpmeot

Durng most of the eighties. industry has maintuned -
redative. support for development at about 72 porcent of (s
total R&D outlav. Basic research is expected to recene: about
5 percent of industry's total R&D support in (988 and applid
research 15 lo receve 13 percent. These percentage sharss
largelv are unchaneed from 1980 levels. In terms of performancy.
however. the data indicate that industry is increasinuly
committed to development. The share of development n
industry's total R&D performance declined from 79 percent in
the early seventies to 73 percent in 1985. Since then. develop-
ment’s share has Increased —to an expected 77 percent in
1968.

R&D Ex penditures by Source and Performer

Federal R&D supportis estimated at $i5 billion for 1988
{table 1), vhich is 7 percent more than in 1987 (3 percen! in
real tlemms). Non-Federal support is e xpected to reach 567
bilion. which alo & a 7~ percent ncrease over 1987 {or J
percent in red terms) (chart 1). Of the nonF ederal total,
ind ustrv support & estimated at $63 billion: un v ersitv and
ool lege support at 529 bilion: and no nprofit support at $1.5
billion (1able 1), These represent real-term increases of 3 percent,
3 percent. and I percent, respectively. from 1987 R&D support
levels. Between 1977 and 1984, total non-Federal RED support
gtew at 8n average annual rate of 6.4 percent in real terms.
Since then. real-dollar non-Federal support has Increased at
half that rate— 3.0 percent annually,

Industry and the Federal Government are expecled to provide
97 percent of total R&D funds spent by the Nation in 1988,
Federal support accounts for 49 percent of the expected natlonal
R&D total. and industry support for 48 percent. As recently as
1986, industry suppor! for research and development was
greater than such support provided by the Federal Government.
Major increases in defense-related R&D spending during the
eighties contributed most to the Federal Government's dis
placement of industry as the Nation's largest provider of R&D
funds.

[n terms of performance. industry is expected lo account
for $96 billion of the Nation s total R&D expenditures in 1988,
This represents an 8-percent increase over 1987, or slightly
more than 3 percent in real terms. Industry's estimated
73-percent share of the 1988 national R&D perfofmance tolal
is unchanged from the percentage share accounted for
throughout the 1982-87 period.

In 1988, funding for an estimated 70 percent of industry's
expected R&D performance is provided by compéanies’ own
funds: the rest is estimated to come from the Federal Government!
(table 2).



Table 1. Funds for research and develepment
[Dallars in millions]

Qtrer

Federal Acaceme sec b * | nonprotit

Govern- Universities | Asoc ated} Instity-

Year Tata! ment | Industry' | and coileges | F FRD G ¢ [ tians’

By performer

1977 42,783 6.m2| 29.825 4,067 1384 1,495
1978 48,129 6.811{ 33,304 4,625 1,717 1.672
1979 54,933| 7.417| 38.226 5.361 1.935 1.994
1980 . . | 62.593| 7.632 | 44.505 £.060 2246 2.150
1981 71.840] 8.425| 51.810 6.819 2.486 2.300
1982 79.316| 9.141 | 57.995 7.276 2.479 2.425
1983 B7.204 | 10,582 | 63.402 7.807 2,737 2675
1984 .. | 97.638| 11,572 71.470 8.503 3ns 2.975
1985 107,436 12,945 | 78,208 9,504 3.529 3.250
1986 114,697 | 13,535 | 83,562 10,600 3.600 3.400

1987 (est.) | 123.050 | 15,450 | 8o.200 | 11150 | 3800 | 3450
1988 (est ) | 131.600 | 16.400 | 95950 | 11.725 | 000 | 3525

By source
1977 42,783 21,594 | 19.629 £88 — 672
1978 48,129 | 23.876 | 22.450 1,037 —— 766
1979 54,9331 26,815 | 26,082 1,198 —— 838
1980 62,5831 29,453 { 30.913 1,318 — 909
1981 71.840 | 33,405 | 35.944 1.520 - an
1982 79.316] 36.505 | 40.096 1.690 — 1.025
1983 87.204 | 40.671 | 43,515 1.881 _— 1137
1984 97.638 { 45.240 | 49.066 2.024 - 1,208
1985 ... . |107,436| 51,276 | 52,597 2.259 — 1.304
1986 114,697 | 55,273 | 55.549 2,500 —— 1.375
1987 (est.) | 123.050 | §0.350 | 58,570 2,700 —— 1.430
1988 (est.) [ 131,600 | 64,550 | 62.625 2.900 - 1.525

Inciudes expenditures for tederally funded research and cevelopment centers (FFROCE 1Cmsnrsiered by
s secior They account for tess than 5 percent and 25 percent. respectivély. 91 tRe moustry and nonprolint
periarmance tofals
'FFROCS aomimistered Dy inOngudl universilies and colleges and Dy universily canseriia
SQUACE National Scrence Foungation, SRS

Table 2. Estimated funding for research and development
by source of funds: 1988

[Dollars in miliong]

Pertormers
) Unwersities | Other

Federal and nonprofit
Source of funds | Total [ Government [industry’ { cofleges? | inslitutions’
Total,. . .. [$131,600| $16,400 |$95.950( $15.725 §3.525
Federal
Government , 64,550 16.400 34,500 11.250 2.400
Industry. .. .. | 62,625 —— 61.450 750 425
Universities and
cotleges 2,900 - - 2.900 -
Other nonprofit
institutions . . 1,525 - - 825 700

neludes expendifyres lor tederally tunded research and cevelapment centers (FFADCS: demmdgtersd by
his sechor

Yincluges expenditures lor FFADCS agminisiered by indivitual uriversilies ang olieges and Sy university
consona

SQURCE  Natonal Science Founoaton, SRS
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Basic Research, Applied Research, and
Development

The United States is expected to spend $15 billion on basic
research in 1988. 527 billion on applied researh, and sS40
biliion on development (chart 3). After adjusting for bstimated
inflation. basic research spending is expecied to be down
slightly from 1987 expenditures. applied research *p# nding to
be level. and development spending lo be up 4 perient.

The 1988 estimates by type of R&D work repreSent a
continuation in recent national funding patterns For the past
several vears, growth in support for the research Components
has been slower than for development. Between 1982 and
1987. basic research funding is estimated to have increased
at an inflation-adjusted 5-percent average annual rate: applied
research funding, at 4 percent annually; and development
funding. at more than 6 percent annually. Differences in these
rates of growth have increased development's share of total
R&D expenditures from 64 percent in 1882 to an expected 68
percent in 1988, This shift toward development is primarily a
result of the increases in Federal support {or defense research
and development. which is about 90 percent development.

The Federal Government continues to support two-thirds of
the Nation's basic research with more than half of such support
goiny to universities and colleges. Industry provides an
additional 20 percent of the Nation's basic research support.
[n terms of performance, basic research spending by Federal
intramural labs is expected to decline 6 percent in 1988 after
adjusting for expected inflation. Basic research performance
by industrial and academic labs s expected to remain unchanged
from 1987 real performance levels.

Support for applied research comes peimarily from industry
{32 percent of the national total in 1988) and the Federal
Government (42 percent). While industry's applied research
support is expected to Increase by 3 percent in 1988 after
adjusting for inflation. Federal real-term support is expected
to decline by 3 percent. In terms of applied research perfor-
mance. industry spending is expected to be up 2 percent in
real terms, and will account for more than two-thirds of such
performance nationwide. Applied research performance by
the Federal Government is expected to be down 4 percent in
real terms in 1988,

Support for development by both industry and the Federal
Government is expected to Increase in 1988; up 3 percent and
3 percent, respectively. in real terms. Most of the growth in
Federal development support reflects a continuation in the
shift toward increased emphasis on defense-related R&D



Chart 3. National basic research, app led research .and development expenditures
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The National Science Foundation (NSF) has Telephonic
wQevice for the Deaf (TDD) capabilities which enable
H‘? sons with hearing impairment to communicate with
&y¥'Division 3f Personnel and Management for information
relating to NSF programs. employment. or general
information. This number is (202} 357-7492.

%

programs that has taken place in the eighties. Such programs
generally have a much higher development component than
do federally supported nondefense programs. [n terms of
performance. industry accounts for more than 80 percent of
the Nation's development work. Industry's development
performance is expected to increase by 4 percent in real
terms in 1988. :
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NATIONAL SCIENCE FOUNDATION
WASHINGTON DC 20550

DIVISION OF SCIENCE RESOURCES STUDIES SURVEYS

* L. Federal Funds for Research and Development

* 2. Federal Support to Universities, Colleges, and
Nonprofit Institutions

3. Survey of Academic Research Facilities, 1987-88

* 4., Survey of Scientific and Engineering R&D Expenditures
at Universities and Colleges

5. Survey of Academic Research Instrumentation and
J/ Instrumentation Needs, 1985-86

* Survey of Industrial Research and Development
I Industrial R&D Funding Estimates by Individual Industry
8. Occupational Employment Survey of Scientists, Engineers
and Technicians in Industry
9. Survey of Demand for Scientists, Engineers, and
Technicians in Industry
— 10. Survey of Natural and Social Scientists and Engineers
*
el lv. Survey of Recent Science and Engineering Graduates

* /}2. Survey of Doctorate Recipients
\
13. Immigrant Scientists and Engineers

* 14, Graduate Science/Engineering Students and
Postdoctorates

* 15. Survey of Earned Doctorates (Doctorate Record File)

* 16. Federal Scientists and Engineers
(*) Surveys with geographic data

Contact: Margaret R. Grucza
Director, Government
Studies Group
National Science Foundation
1800 G Street, N. W.-L-602
Washington, D. C. 20550
Phone: 202/634-46136



VABLE L=LJJ,

GEOGRAPHIC DIVISION AND S TA TE- FISCAL YEAR 1986
{THOUSAND S O F DOLLARS )

FEUEKAL UBLIGAILONY FrUOR KEDEAHCH, DEVELOPMENT, AND RED PLANT, BY

| _TESEARCH, | RESEARCH WD
GEOGRAPHIC DIVISION AND STATE | DEV RLOPHENT | DEVELOPMENT | ReD PLANT
iilm_wr '
TOTALusennsnnnes tierereeneranneneneeens] 51,792,736 | 50,310,212 1,482,523
NEW ENGLAND. o eeevrsseennnsecssonvnnnnnnel 4,446,915 1 4,422,120 24,795
COMECTICUT. ..+ 1o aastasasassnesaneses 578,503 } s;;.:gg 1218
MASSACHUSETTS. .. LLIllllllllilllllilill) a,a8miaz | a,2290668 17,707
HEH HAMPSHIRE . «ouvsnnnosrnermnrrnanns 126,183 | 135,883 300
RHODE TSLAND. .- o vvvs vn snovnernnnennnnn 8,133 | 192,593 5,540
VERMONT .. o0 sevnnnnnsrennnseromsnennees 1,080 | 41,081 -
MIDDLE ATLANTIC....scusennvevaresnronneel 6,407,162 6,245,687 161,475
NEH JERSEY..0veeensenrenn rensvnaneaeasl 1,818,813 1,781,208 7,605
MEH YORK <0 v v ornnvnssnnanssrrnerns - aze8267 3,163,260 105,007
PENNSYLVANIA. .2 000 C00llIlli il 1320, 002 1,301,219 18,863
EAST NORTH CENTRAL. v ceevvvsvnvaenneneesl 3,393,643 3,273,493 120,150
TLLINOIS o uvoennen s crvscsvennncnonnes B41,202 744,619 9,583
INOLANA, -2 1000 belatle sl sl 205,522 294,988 534
OHIO. . 00snvn rnmvresmsnnrnsonmonenooes] 1,611,408 1,592,140 19,265
HISCONSIMe o mveers vennnnoernosrarns 184,091 181,402 2,689
NEST NORTH CENTRAL. . e oo cnseennnn veeeenal 1,678,884 1,612,662 66,222
EOMAL vvseennses o vosoenanessnanonsanss 227,211 224,049 3,262
KANSAS .. cenaicovotosanasastnsunnnansnse 153,686 112,643 41,043
MINNESOTA« +v v s ennnsoennsorsmmennsrrons 516,420 515,342 1,078
MISSOURD + « o vmvnennnannenonasrennonnns 682,440 §77.780 4,660
NEBRASKA+ . vrnvsevmnnnern sionnnernnaons 48,443 41,120 7,323
NORTH DAKOTAr+ v vnnnnes onnsennsnnnssns 35,977 27,170 8,807
SOUTH DAKOTA. .+ ovnons AN 14,607 14,558 9
SOUTH ATLANTIC. covvuvraiennnnnsaannesoes 12,324,499 | 12,084,895 239,604
DELAMARE + + s v nenuseerenacnovonnsasnns 30,598 | 30,216 82
DISTRICT OF COLUMBIA........0ollllllll) 2,28203m | 2,3240122 23,001
S lopnoriibagn) LE g MEAG 88
MARYLAND - vvsvnnnnnnevnnnsenmennsrnnssl 4,590,942 4,512,29% 78,648
HORTH CARDLIMA.++ouvnermnnmrnns eranis 499,881 497,641 2,240
SOUTH CAROLINA.++vuueosss o R 178,154 122,492 5,662
VIRGINIA. «ceuunnnnnnnmvrns JOPOOROROORE T W7 3 1 2,810,172 45,607
HEST YIRGINIA+1svevnnnnvsnnssonsonnsnn 38,912 88,690 10,222
EAST SOUTH CENTRAL.evevnvseccnrearansasal 2,068,313 1,982,479 85,834
ALABAMA. .1 vvuvsseraneorsnncscanncnnesel 1,229,711 1,188,466 41,245
KENTUCKY . csvssasaasnnstnnsasencassoses £9,700 59,367 333
MISSISSIPPI. onnnnunnnseronnsenesnnsons 156,937 183,446 13,491
TENHESSEE. oo v vesoonnnssenanansononsne 621,965 591,200 30,765
WEST SOUTH CEMTRAL.«uvuvssesnsessesnenssl 2,203,268 2,118,306 84,962
ARKANSAS 1. v eeassaeeseeanonnncsannnnnss 41,353 40,493 860
LOUISTANAL ..o s LDl il Lt 9,552 92,370 2,182
o OMA . o o nemimiiies olaiineeee s ins ae o013 0 (1)
TEXAS. e eevnnnnrnssnonsesssrennnsenonns] 1,991,350 1,911,737 79,613
MOUNTAIN. v e venneeesnenssennnosnnneenensl 5,897,111 5,578,530 318,581
ARIZOMA. v vererasenennnsesoncsassannns 399,722 397,997 1,725
COLORADD. o nmnveroroeennsssnnneseeansl 1,652,677 1,636,344 16,333
TOAHO. comnmoonrnne oo 291,343 266,59 24,747
MONTARA. L0000l S2658 26360 (0 228
HEW MEXICO. oo vnnnnnnennsrennnranenan 2.6::1:}: 2.4;::233 1:;:231
A o RUPORSAROIRRR 2 2
HYOMING. oo ernsn oo eisenesnnsennesns 14,540 14,470 T
PACIFIC. . vesveruracncscsssosnsosnsansnesl 13,268,608 | 12,896,039 362,569
ALASKA. +vvereisnnennnesssnnoonseeanns a9,228 | 49,228 -
CALIFORKEAL . LLLitiitacticinnei o) 11,8330906 17 11,510,34 323,572
coren B iR g v eanneitrrnnnndeben 2
OREGON. » - - v v s ssnnsnsernonernnrnnes 139,529 | 127,543 11,986
HASHINGTON. +rvnvsravnersssnnsensnnanee] 1,180,186 1,152,737 26,449
OUTLYING AREAS. . cevvreensoooncarsaannes 50,657 36,792 12,865
OFFICES ABROAD. .. sevsusessonsars d oo diEs 63,676 59,210 4,466
WOTE: THE OBLIGATIONS OF THE 10 MAJOR RKD SUPPORTIKG AGENCIES INCLUDED

IN THIS TABLE REPRESENT MORE THAN 98 PERCENT OF TOTAL FEDERAL

RAD AND RAD PLANT OBLIGATIONS IN FISCAL YEAR 1986.

NATIONAL SCIENCE FOUNDATION, SRS
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[ THOUSAKDS OF DOLLARS)

| [ ' EXTRAHMURAL
' | FEDERAL FFRDCS | | FFROCS —(OTHER WON-| FFADCS |
STATE (IN ORDER OF TOTAL |  TovAL  |INTRAMURAL|INOUSTRIAL | aOMIN B | umrver- | agMin By | PROFIT" | AcMIN BY lsTaTe anp
FEDERAL RED OBLIGATIONS] Y FIRMS | INOUSTRIAL!SITIES ANDIUNIVS AND | INSTITU- |NONPROFIT |” LocaL
FIRMS COLLEGES | COLLEGES | TIONS INSTITU- | GovTs
" ¢ —LLOHS

TOTAL. o nenevnnravoneannes] 50,310.212013, 104, 6471 24,448,100! 1,640,236 6,444,758! 2,414,347! 1,551,082]  543,250] 123,823
CALIFORNIA..vvvenereenere] 11,510,304] 1,480.095! 7,205,930]  22.618] 1,223,785 1,082,204 213,631] 176,487 15,187
HARYLAMD. oo vrsvvannsacsus 4,512,294; 3,095,850 1,039,737 31.27°| 279,061 83 61,953 2,607 1,733
MASSACHUSETTS....-.0000e.| 2,239,665) 205,383} 1,813,111 =) eacamal 21,1880 467,448) 163,650 4,561
NEM YORK.................| 3,163,260 51,545! 1,866,899 203,184] 706,461 153,256, 136,962 b aalaa
VIRGINIAL. L2000 llllll] 20810,372)  sos 2ae]  1642,008] -l 10597 b Ts6,188] 81,917 4,822
NEW MEXICO.....veeveenen.) 2,499,6570  962,129)  343,627] 565,525 73.705{ 542,423 11,796 - 449
DISTRICT OF COLLMBIA.....] 2,324,183} 1.519.474! 59,501 -} 53600 b 81024 = 54
TEXAS..scovsnsseracannensd 1,911,7370 "261.486! 1,312,738 - asn -1 23,359 - 2,363
NEW JERSEY...............] 1,781,208} 942,624} ‘662,129 -1 Tsa07 26,593 ,597 2,877 1,981
COLORADO. «vvvnevseeennees) 1,636,364} 100,2320 1,300,001 -1 urnon ar,203}  22,a000 58,340 1,157
OHIO....0evnnnnvoneneaess) 1,592,140)  s63,145!  a19,825 -1 167,008 -l 40,688 | 1,384
FLORIDA. «nrvmrvionnenead 1,048,7120 413102 900,370 -1 1270188 - 5,364 - 2,718
PENNSYLVANIA.......0u00..) 1,301,2190 290,207 3z7.01s!  252,260] 350,901 10,749)  &7.79sl - » 1,391
ALABAMA. . .1uvnesevrnnnnen) 1.188.4860 477,481 15,357 -l "3s,308 - 16,364 = 956
WASHINGTOM.+vennvnnnnneent 1,153,737 131,430  690,391]  s1.718] 157.348 sl sram 3,222
TLLINOIS. seveessernnnnes 744,619 61,910 104,852 - 250,442] 240,8320 76,043 - 2,540
WISSOURI,..2...ocoiiiil] err ol s1iai 502,190 -l 109,957 - 13,483 . 834
TENNESSEE. - oneornononns 591,200 99,330 144,158] 237,051 ss.1m1 11,328 12,981 = 1,160
CONNECTICUT+nnneoeenn. 577,288  75.394)  3a.714 =l 144,908 - 6,665 o 1,610
MINNESOTA.ennnnnneonsonns 515,342] 29,073l  350.104 -l Tes,458 -l 38778 - 1,932
NORTH CAROLINAueesosoanen 497,641! 131,280 156,929 -l 191,202 = 16,315 I 1,725

s aligmal pmentt W0 sl (et TR

397,997 93,311 206,861 = 70.910 22,962 3,535 107 "231

392,593] 258,919 73,671 -l 45,700 - 12,002 - 2,292

294,988 53,23 139, 449 =l es,463 - 4,599 - 1,041

274,483 70,578 102,198 -l 7ma72 I o2iim - 1,084

266,59 16,073 7.324) 176,506 5.500 60,788 75 - 330

250,495 87,078 59.381 -l 97732 z 4,228 - 1,478

224,049 19,326 122,593/ -l ee,a17 14,563 172 - 958
HISCONSIN....conveeeann.. )  181,402) 24,927 12,762 -1 6101 - 2,245 = 767
MISSISSIPPI...neeooroonns 143, 446 97,088 14,226 -l 29,882 - 1,564 - 716
HEN HAMPSHIRE...vnovnsnn. 135.883) 27,933 74,297 -l 31,804 = 1,481 = 368
OREGON. - v v vvnvennesmones 127,543 32,144 11,151 -l &7i833 z 13,851 - 2,964
SOUTH CAROLINA«++vvssnn.. 122,492 13,016] 2,218 70,1070 34678 i 1,800 - 613
KANSAS ..veveranasnvasnnnae 112,643 8,371 64,429 - 38,626 - 751 - A66
LOUISTANA. +vvnesseorennes 92,370 34,606 10,307 -l 76 = 1,357 - 1,336
HEST VIRGINIA.eeeeeroress 88,690  as.3s4 13,163 - 9,662 16,439 ¥es = 626
OKLAHOMA: «2 s vansnnnnenss 73,706 25,598 3,899 -l iz - 7,119 - €63
KENTUCKY « e ennnnsnnesnnes 59,367 27,182 2,031 -l 28914 = H - 1,145
HAMAET csvoenonnnnnennnes 55,190 18,499 1,532 -1 2e,820 - 4,912 - 427
ALASKA. ervnnnnnnnevnnnes s9.225) 31,393 3,041 - 13,132 - 67 - 1,592
NEBRASKA. < nnununneravnrs 41,120 18,614 3,198 - 17.626 - 1,249 - 436
VERMONT ..o ooennnrnnrennrs 41,081 7,089 6,970 - 220487 e 4,186 - 369
ARKANSAS .o nnnnnnvnrerane 40,493 24,264 ars - 12,120 o 2,248 - 28
MAZNE. +eeveronnnnannanens 35,610 2,349 14,375 - 6,994 - 10,738 - 1,157
DELAWARE. +0vmnnnoorennes 30,216 2,464 12,327 - 13,152 - 2,074 - 199
NORTH DAKOTA+.vmoooorors 27,170 16,979 225 - 9,021 - 249 N 896
MONTAMAL 2 eernnnnnnmenrnns 26,360 16,238 706 - 8,737 - 304 - 37a
SOUTH DAKOTA..ovvnnnnnons 14,558 7.172 2,199 - 4,810 = 160 ! 217
HYOMING. 2o vannnnnnonennrs 14,470 8,291 - - 5,383 - - - 1%
OUTLYING AREAS.......v..s 36,792 10,400 4,129 -1 18,460 5,720 = = 1,083
OFFICES ABROAD........... 59,210 12,486 45,326 - 53 - 645 = =

1/ FEDERAL INTRAMURAL ACTIVITIES COVER COSTS ASSOCIATED WITH THE ADNINISTRATION OF INTRAMURAL
AND EXTRAWURAL PROGRAMS BY FEDERAL PERSONNEL AS WELL AS ACTUAL INTRAMURAL PERFORMANCE.
SEE TECHNICAL NOTES FOR FURTHER DESCRIPTION.

KOTE: THE OBLIGATIONS OF THE 10 MAJOR RLD SUPPORTING AGENCIES INCLUDED IN THIS TABLE REPRESENT
RORE THAN 98 PERCENT OF TOTAL FEDERAL RLD OBLIGATIONS IN FISCAL YEAR 1986,

SCURCE: MATIONAL SCIENCE FOUNDATION, SRS
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TABLE C-135.

{ THOUSANDS OF DOLLARS }

FEDERAL OBLIGATIONSF OR RES ARCH AND DEVELOPMEN, BY STATE AND AGENCY. FISCAL YEAR 1986

T [. 'I : i | DEPT OF ~DEPT omn-fnnoﬂu JNATTONAL

STATE (IN ORDER OF | perr o! oept oF | 0EPT OF | DEPT OF | WEALTH 2 | ' THE TRaws- | WEMTAL | “agRo- I'sciewce
TOTAL FEDENAL R2D | TOTAL | AGRI- |COMMERCE | DEFENSE | ENERGY | MuMaN  [INTEAI-| POR- IPROTEC- |NaUTICS 2 Fouwna-

OBLIGATLONS ) , | CULTURE] i | | sERviCEs | ar  ltaTiow | Tiow | shact | “riow
t t t t T T + ﬁmmn t

TOTAL..evereranraneees |50,2310 2 1} 920, 328) 398,207 lJZ.Nl.DZTllﬁ.GIZ.!N]l s.s:z.m{:m :zs{:us.m{ 317,319[2,3%,650} 1,351, 824
CALIFORNIA. o v as vee vor u.sm:m" 54.523{ zm'zs" 5,560,33711,014, ssz} sss.sns'| 30.22¢) 74,588 25,492/ 896,667/ 192,532
MARYLAND... .. 1.......| &,512-34! 81.285| 125,095\ 2,508,380 ' 41,032, 1,262,286, 15,186 67,571} 6,305 374,437, 30,757
MASSACHUSETTS . .. 1o ... | 3.239 5| 1a.683) "13,006] 20a50.870!  e1la72 “a7iicea| 37100] 40.6a2] 220ae81 Ts3eai! 106969
MER YORK.........e .| 3,363, 301 21.680) 2/495] 2i004.388 373/583, 579,421 6,186 9.02¢) "9l016) 29130 128.369
VIRGINIAser cnvcnverees z.uo-ﬂﬁ 7.323 5,185, 2,317,836, 3,00 75,751 35,019, as.ua, zs.znl 253,399, 18,784
NEN MEXICO............] 2,499,657 5, 111 sol 1,433,751} 1,011,497 15."91' s.su‘l us} sz9l 14, mr{ 9,792
DISTRICT OF COLWMBIA..| 2.32¢'1a3l10a'291)  8,502] 1.6290079! ""s2ioas] 108066a| 25:017] 40.932] 20,584l 13m437] 166.031
TEXAS....cereenrensns) 1,010,737 "20,828) U606 L30a.2590  190344) 209.63a] 3708] alsor! 1s738) 2719aa] 3707
weW JERSEV. 1L110IILITN] i7aiaaes) Talemrl  amlmas] naseloie]  seisanl  Cesieasl alzael aeider) Tiles2l loe700]  Eeeaz
COLORADO....~+...eoo.i| 1.636.3as] 197200  58j00e] 1.240288) 7106720  esle75] 31lav0] eker)  alar2] emaar]  7.esa
OMIO...eusonsrarsnanas| 1,592:140; 12,878 e10} 1,129,932)  a2,904) 125,380! 2,957 s.621! a1,a19) 208,411 22,028
FLORIDA...... Lo ll00) 1asd 7 X 26eetl  2n.me3] 'aaziondl  1siessl  e1i2es] 2.762] 4.1kl sloasl dee7ol  2nare
PENNSYLVANIA. ... 0 0.0 1,301,219 33.928 aee| se2.2170 a7elzez; 289,200 29.7a1! 2emil 32 Tsaleas) 55799
ALABAMA..ouevnennnesss] 10388466} 10,5000 2,716 8310158 " aleesl  Te0.217) sizsrl Tasal  1in7! zemeszl  T3lors
WASHINGTON....1.000000) 10183737 210082]  39,e87]  71.836] 176,13¢] 129.3%0] 14,738]  ses] 2lo27) “2sse3] 27008
ILLINOIS. cvvavase®nns 'm.us} 2as0l 1,273} 1979w zea.emal  1s3.6ee) 3,320] 3esal 2,208l a62320 e7om
wIssouRT, . D1l0le ) erriTech 134033 a7al  831,7280 " 3lom 97,687} 9.010] " eas 287 135 8470
TENNESSEE..... [ "0..o%]  591.200] 7.744! s2s! 220,581 258,35  730as3) 2.501) s3] 12,622] 10i3m0]  7.e8s
CONNECTICUT.....-2l...]  577.288; 3.720)  a,018]  3a3.3eel “la.3eal 121iserl 13aal e.3a7) 378l e2ie2t] 12082
MINNESOTA......----.o.] 15,302 1e.a78]  2,360)  3aeaea]  “aimz] 108772} 11297 7,601 r.03) 12,706
NORTH caROLINA,...-...] 497,641 z:.zut 4,228, uo.sn{ s,0000 200,150 2,916] 1. !l se.117 5,387 18,419
NEVADA......+-.l.e.i.)  462.623) “Lodel  1om| 110,140 3290033 2.¢63] 2677 o8} “¢.052 L2000 1,751
MICHIGAN.D((+.llesehls)  460.348] 13.143)  4/asa)  2a6.8adl. 219810  1210183] scsed] 3,007 1097l “1siiz 38710
ARTZONA. ... .0 u.one ) 397.997) 13,064 s3a} 283987 1067l 35520 ajasel sest  1i2230  1eoal  Jslsse
RMOOE ISLAND..........| 392,593] 1,477 2,808 340,651 2,704 22,225 829!  2el 4429 L777 1een?
INDIANA., .« v connononee | 294,980 8, sas/ 222] 184,54 16.201"‘ s, 4290 2,088 1,39 +05 s.e61l 30,672
UrTaN. LD aralaasl slesr) so1l 1w soel 7m17l so.ses] 10,e62) a6 n37al 2298 a2
10AMd. .. 1L LTI 266.59] 10676 | 1721 243,711} a5 a0l 3 356, 13 99
GEORGIA.......llllllll]  2s0,a08] 35.322) 108 enia7el T a7l ss.sasl dloes! Lsel  esnsl  as280 12,022
IOMA. . eitiiiueieiiueoe] 226,049 24,560] 202] 126303 15is20]  a3soe] Loar) sn| L Twaas el
WISCONSIN. ..o voevnenn] 181,402 27, 20s| 2,672/ 5,490  11,382] 23,97 s.nri el 16781 19,908 22,79
Mississippi... (00U 1adless] 313080 alssol  e3les3l  3lkoa a.s87) 4,026/ 508/ sesl 2006120 T13es
NEW HAMPSHIRE.........| 135,883 3,253 ssel 93 138 853 16,718 11428 3 267 55190 8.aa7
OREGON......vroversnn| 127,563 20,2811 7,859 1,1350 70280 szl 2027 17 eems 31,5180 14,727
SOUTH CAROLIMAL L. L 10l)  122492) 112370 2419 TeleEr]  nilsss] 17,7l 2.270)  am sa3 a0l 5,692
KANSAS. .o aeeeeecrnnane]  112,6830 8,144/ -} Bl el 16,18 1077 2,33 516! z.ny} 4,234
LOUTSTANA. .. 92,370} 26,897 3425 140ea3] 151 3,228 w20l Tt 1,060 L7aal 4026
WEST VIRGINIA.+vuese.. 30.4%0/ 10,83/ 323} 4,797 40.198 5.783) aasel 32 554] 2] 17,230
OKLAHOMA.. . . . . 713,708) 12,147 a061]  aeies7l  alaw el el a2 2729 soa] 33
KENTUCKY + s s vn s snns oo 59,37} 8,635 ] 14,29 acs]  27500] 1.eae] Tess] 10130]  Laz0]  z929
HAMALL..... 55, 190! 8,519 6,820 11,496 1,490 s.uu{ J.arng 176) ssE s.ws‘, 5,302
ALASKA. 1. a9,22s! 5,03 77152 10, 107 1,379 a2} 16,3060 179 0 21l 6,387
NEBRASKA. - ... a1,120} 14,570 130 3,538 567 1,905 7,958  170f 122/ sel 3701
VERMONT . . . ... 1,081 3,293 s  10,322) 5,200 1.9 112l 122] 235 1,429} 1,388
a0,493] 4,589 = 1,014] eos!  27,193] 10sse] a1l a12) e 2,573
35,610 :.121{ 1,500 14,203/ 125 s,758} 1,187 avsf 9os‘| ABs A, 053
RO I I I 14 N i -+ { B A B B+ B B+
Moo oy s LA vma) nem oy e ol
HYOMING. o0 e cuesomenes 14, 470! 5,204 = 332} 258 826! 5,480 us} sz{ as3l 1,739
OUTLYING AREAS........ 3%,792] 9,583 3,222 8. 338 207 7.1 eso m} 55| 134! 7,067
OFFICES ABROAD........ sv.210)  ea0] ‘o] 53,30 s L e -} - = -

NOTE:

SOURCE :

THE OBLIGATIONS OF THE 10 NAJOR RED SUPPORTING AGENCIES INCLUDED IN THIS TABLE REPRESENT
HORE THAN %8 PERCENT OF TOTAL FEDERAL RAD OBLIGATIONS IN FISCAL YEAR 1%86.

NATIOMAL SCIEMCE FOUNDATION, SRS

b i



{ THOUSANDS OF DOLLARS!

i i i FFRDES A 0
: - FFADCS .
G RPN Uy e L
STATE, AND AGENCY TOTAL INTRAMURAL = NON- AND
GEOGRAPHIC DIVISION, e I""FIRMs | TRIaL | COLLEGES !UNIVS AND |INSTITU- | pRoFIT | Locat
| ' | fFrams | I"coLteGes | Trows fImstiTu-' Govrs
1 | I | I ! L TIQNS
! i i i | N i i
TOTaAL !
TOTAL touevevvnnnsnsesssnnnnnnnsssss 50,310,213 1:.144;.547}2:..“5.1::0}1.540.23&= s.lm.?ss: 2,418,34701, 851,052} su.zso{ua.ua
DEPARTMENT OF AGRICULTURE .......... 920,328 szs.m: 10,089 -} zn.sa:; 15! 5,678 —: 1,226
DEPARTMENT OF COMMERCE «vrvvuvonrnns | 2982070  z8s,902] 34,839 -1 60638 1,763 4. 485! -1 11,575
DEPARTMENT OF DEFENSE .............. 32,841,027, B,880,526,21,502,301, 145,536, 1.m7.775| 285,017; 494,049 435,700, 40
DEPARTMENT OF ENERGY ...............| 4,682,923] '205850]" '738,21211,455,133] ‘344,611 1,797.384| 39,130/ 101.953 483
DEPARTMENT OF WEALTH & MUMAW SRVCS .| 5,632,178 1,235503)  184.5511 ' 33,416 | 3,263,428 ] 26,280, 790.8%4| ~ 5,008 71.148
DEPARTMENT OF THE INTERIOR ..v......|  384.326] 132,038 3.739 3,850 """ 36, as0 | - 332 -l Tt
DEPARTHENT OF TRANSPORTATION .......| 3as.a31! 131.321] 188,412 1! 12020 7,695 20,926 -l aai361
ENVIRONMENTAL PROTECTION AGENCY ....l! 317,319 97.605! 124,589 - u.su{ 102] 18173 -1 %928
HATIONAL AERONAUTICS AND SPACE ADMIN! 3,396.850) 1,217.343! 1,534,160 1 a74rs00! 214,548 1010177 spel  4.333
NATIONAL SCIENCE FOUNDATION ........| 1,351.824) '129)922 69,141 z.ms{ "mu; 81,428) 74,308 <1228
NEW ENGLAMD ! !
TOTAL »evsecsnonnsnasosnsnonsacasses) 6,422,120  577,067) 2,229,138 -{ 718,2630  121,144] s02,517] 162,654) 10,237
DEPARTMENT OF AGRICULTURE oovvenrss. 29,555 16,722 4 o 11,848 = 148 N 788
DEPARTMENT OF COMNERCE oovvvvsvvsees 22.258 10,938 1,593 - 7.259 - 1,183 -1 1,282
DEPARTMENT OF DEFENSE ..............| 3,258,589| 494,320] 2,167.668] = s7.5520  117,398] 2279971 163,454 -
DEPARTMENT OF ENERGY . eovvrcnvoeens 85.122 x 13,607 = 66,808 - 4,707 7t -
DEPARTHENT OF MEALTH L HUMAN SRYCE .| 659,863 1,964 38,054 -l aso0.3es =l 234,750 -l a0
DEPARTHENT OF THE INTERIOR .ouu.v... 3,011 6,440 293 - 2,037 - a1sl - 22
DEPARTMENT OF TRANSPORTATION ....... 50,946 38,104 6,910 g 738 3,555 2591 -1 13m0
ENVIRONMENTAL PROTECTION AGENCY .... 32,36 2,113 15,693 = 7,450 - 4,800 - 2.0%0
NATIGNAL AEROMAUTICS AND SPACE ADRIN! 126,073 6.024 T7. 449 = 21,825 1! 1852 - -
NATIONAL SCIEHCE FOUNDATION ........| 148,360 242 7,822 -l 130,301 - 8,930 - 5
CONNECTICUT ‘
TOTAL 4ovsnnanesansssssaonsarsaneess] 577,288 15,3040 346,714 -1 146,908 = 6,665 -l 1610
DEPARTMENT OF AGRICULTURE .. 3,728 1,652 - - 1,317/ = N - 759
DEPARTMENT OF COMMERCE . 4,015 2,262} . = = 1,753 - - - -
DEPARTHENT OF DEFENSE .. v b 3430308 63,415! 272,219 - 7.2nl‘ = ATh - =
DEPARTMENT OF EMERGY ....... 14,362 = 6,552/ L 7,306 = 5 - =
DEPARTMENT OF HEALTH & HUMAN SRYCS .| 121,547 6 1,374/ -l s - 4,516, - a3
DEPARTMENT OF THE INTERIOR +eaev.s-. 1,344 1,220 - - 124 - -1 - -
DEPARTMENT OF TRANSPORTATION ....... 9,347 6,779 2,186! - = = - - 382
ENVIRONMENTAL PROTECTION AGENCY .... 3,795 N 2.590! = 17 = 792 - %
NATIONAL AEROMAUTICS AND SPACE ADMIN 62,921} X 61.162 = 1,01 = 'm} i -
NATIONAL SCIENCE FOUNDATION ..ece... 12,829 = 631 -l 1z.0m - 150 - -
MAINE | ! |
TOTAL o0 rss s e e ey, 35,610 2,349 14,375 - 6,99 =l 10,738 -} 1as7
DEPARTMENT OF AGRICULTURE .. 1,121 973 - - 2,086 = o7 -: 25
DEPARTMENT OF COMMERCE . 1,500 Y 10 - $35 - - -l w7
DEPARTHENT OF DEFENSE . 14,203 ey 14,046 - 113 - - - -
DEPARTMENT OF ENERGY ovvvvvvvueeenss 128 - p = - = 125 - -
DEPARTMENT OF HEALTH & HUMAN SRVCS . 755 - 2 - 564 = 8,681 - 510
DEPARTMENT OF THE INTERIOR ......o.. 1,187 864 - - 308 - - - 15
DEPARTMENT OF TRANSPORTATION ....... 218 - 120 - -1 - - - 155
ENVIRONMENTAL PROTECTION AGENCY .... %05 - & - m = 174 - =
NATIONAL AERONAUTICS AND SPACE AOMIN 488 - 137 - 1] - 260 - =
MATIONAL SCIENCE FOUNDATION ..e.cc.. 4,053 - 2 - 2,494 - 1,428 - 5
MASSACHUSETTS
TOTAL +ouveenneccnessonsosansannsees| 3,239.6650  205,3830 1,813,111 -1 ssa,308] 121,140 a67,448] 163,63a0 4,541
DEPARTMENT OF AGRICULTURE .... 14,683 11,276 49 - 3,290 - “ - =
13,006 7.388 1,583 - 2,822 - 1,183 - m
z,451.8790  146.3530 1,731,914 - e5.182] 117,308} 227)398) 163,684 =
DEPARTMENT OF ENERGY ¢.vvvucesnsnose 61,877 - 1,08 = 54,263 = 559 - o~
DEPARTHENT OF MEALTH & HUMAN SRvCS .| 471,033 1,898 34,609 -1 221,080 =l 210,292 < 3,20
DEPARTWENT OF THE INTEATOR ......... 3,100 1,448 291 - 1,142 - 219 - -
DEPARTMENT OF TRANSPORTATION .......| 40,642 31,133 4,563 - 738 3,555 256 = 397
ENVIRONMENTAL PROTECTION AGENCY .... 22.495 - 13,103 - 5,018 - 2,767 - s07
NATIONAL AERONAUTICS AND SPACE ADMIN 53.941 5,765 13,343 - 17,138 m! 17,457 - -
NATIOAL SCIENCE FOUMDATION ........| 106,959 125 6,601 - 93,984 - 6,249 - -
S, |

NOTE: Data on individual universities and colleaes is avaiTqb]e Frqm the Survey of
Federal Suoport to Universities Colleaes and non-profit Institutions.
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Table B-1. State agency expenditures for research and development by
State, character of work, and R&D pilant: FY 1977

(Thousands of doilars)

Total R& D Hy ssam h and develdpment
Stace and R& D plant
R £ D plant Tatsl Basx Aplied Deve i pmant

TOTAL & & 2 & o o o & 310 192 358 473 a1 9ul 22 391 T4 ju2 11 717
ALABAMA o 4 & 4 4 & o s = s 1 339 1227 - 963 263 132
ALASKA & o 4 & s 4 2 2 3 @ T 833 T 653 - T 338 297 200
ARIZONA &4 o & + o & o o » = 1 74t 1 584 180 1 23% 272 7
ARKANSAS. o v o o 4« & o 4 » SGu 03 41 w9 34 dl
CALIFORNIA, o & & & ¢ o« » o 37 832 37 486 3 69 19 6% 12 153 336
COLOMADO: 4 « » o ¢ ¢ o o o 9 6UB LAY} 25 8 347 1 229 28
CONNECTICUT + & = & o o & » 3 19% 4 aTy 1 923 2 21 733 321
DELAWARE. & ¢ o o 4 = + & = 896 33 - 250 321 a4y
FLORIDA 4 & « o s ¢ ¢ 2 s o w1y 13 a7y 859 T A9 s 714 1 234
GEORGIA o o o o o ¢ « s + o« 3 201 3 199 1] 1 123 1 991 . 22
HAWAEL. & & & = o 6 ¢ o & = 3 370 2 AT} A 1 %99 1 21 u97
IDAHD & & & o & o & o & s 1 6% 490 ag1 Aug [} -
ILLINOIS, ¢ ¢ ¢ o ¢ o & 4 » 18 380 17 08 4 739 10 0%8 3 N2 u72
INDEANA & & o« 5 o s o & & o 4 101 upag 1 798 1 974 Uiy 12
TOWA, . 2 o o o & » a ¢« & = 2 1a 2097 u7a 1 213 uon L3
KANSAS, + ¢ o o & o 2 » & & & 137 4 107 148 2 351 1 810 30
KENTUCKEY. & o & 4 ¢ 2 & » &« a 182 6 67 438 4 oug 2 1aé 1 511
LOUTSIANA & & o & o & o o 7 287 6 523 887 2 177 3 upl 181
MAINE & 4 o 4 2 2 & & o o & 1 3u9 1 Jun 198 1 lus - L]
MARYLANG: o+ 4 ¢ » o = ¢ v = % 053 8 994 1 07 7 710 252 7
MASSACHUSETTS & o 45 o o & « 3 430 3 286 a%6 1 698 1 204
MICHIGAN: + o & ¢ 4 5 o s & 8 574 a 153 482 7 307 A%y 221
MINMESOTA o & v 4 o = & o 4 247 4 199 1 220 2 721 2% us
MISSISSIPFY o & 4 4 4 4 & 1 4827 1 627 4% a2 3t -
MISSOURL. « » o 4 v o s o » 2 169 2 033 3% 1 912 s 113
MINTANA & 4 o 4 4 & o o & & 2 A&7 2 851 36 2 569 256 ]
NEBRASKA, . & . & 4 4 o o+ 674 ., 6ul u 594 43 M
NCVADA, & & 4 o « ¢ o & & = 1 118 1 0au - 197 a87 32
NEW HAMPSHIRE . . » o o o 1 292 1210 - Hud 764 A2
NEW JERSEY. & 4 5 o & & & o A TU0 A 497 1 191 2 39% 4 911 243
NEW MECXICO, o o & 4 o 4 & o L1 3Y 4 012 2 323 Juy qu9 ua9
NEW YORK, & & & 4 &+ 4 o « & 102 234 00 498 47 318 “g 113 7 264 1 %63
NORTH CAROLEINAL + o 4 o & o 11 703 11 %43 1 33 3 419 4 527 120
NORTH DAKATA, . o o & 4 « o 1 331 1 a3? 7R3 LB E) sy el
OHIO. & 4 o ¢ o 2 s & o & » 7 2M9 7 228 pUr 4 130 2 3 11
ORLAHOMA, 4 . 4 o & 4 & + » 1 350 1 4%3 21 1} usl 317
OREGMN. & ¢ o« » o & & » = & f 160 & 070 1al a 233 1 Als 90
PENNSYLVANLA, , , . &+ & « & 7 268 9 268 2 106 4 1A% 1 993 4
AHCOE (SLAND. o . o & & o« o a33 %2 22 Y-1.] 762 104
SOUTH CAROLINA, ., , o & &+ & 4 681 4 370 az22 3 3lu 439 707
SOUTH OAKOYA, , . 4 &+ +» & & 1 262 1 262 180 1 074 3 -
TENMESSEE o « 4 o o o » o & 1178 1 168 208 785 176 &
TFXAS 4 & 4 « 4 o ¢ o & & = 12 113 15 836 950 8 590 2 7R6 277
UTAH. & & o &« « o« & » 2 & & 2 32 1 918 113 1 Tu2 42 uls
VERMAONT & 5 & ¢ & s 5 5 o » 188 188 & 1ay - -
VIRGINIA, & . & & 4 o o & & 3 %01 5 1% 164 2 783 2 203 pUTY
WASHINGTON, , o ¢ 4 & « o o 12 184 12 oR2 100 10 3u3 1 620 121
WEST VIRGINIA | o « & & o & 1 110 239 - 409 uug 251
WISCONSIN o & & o o o » o » 3 030 4 933 389 3 ugo 1 203 38
WYOMING & o . o 4 o s s » » TUR 714 Al 507 uy 32

WOTE: Because of roundiafg,

= Rapresents zsro.

detail mey not add to totsls.

SOURCE: Mational Scisnce Foundacion

e



Table B-2. State agency expenditures for research and development by State and functional area: FY 1977

{ Thousands of dollars)

Ares and e
Incuae e Economic | cowmunity| Science Food,
Natural Transpor= L L £ EAviron= pr:: ::- SEovh develop- Ll ":her
and and went . |
State Total Health | o upces | E9UCRL100 | 0 oron Bl ent tion :M praduc- M“"“;’ t::::o Energy agr:
services control tivity fand public| tege tur
smrvices pros
TOTAL & 4 & ¢ o o & + 334 473 | 100 A&s| &1 130] 28 169 29 030 24 067 28 027| 13 0921 6 099 12 7189 S0 | 3 usa]| 23
-
ABAMA o o + o o o 8 8 = 1 227 190 338 269 91 - 14 177 - - - -
o A 1 635 < 113 937 128 4 x = 30 e - -1 d
ARIZONA » o % + % = s s & = 1} #8u - 377 180 ug9 2ul 129 - 138 110 - -
ARKANSAS., + o o # % 2 & o » 503 27 108 - 215 39! - 9 u7 - - -
CALIFORNIAS 5 o v o & o 4 o 37 495 3 197 3 378 4 uge 4 9u7 1 869 o 3% 1 %92 use 1 196 - 7 880 3:
COLORADO, s + & % ¥ o o o ® 9 620 te 2 Gac 199 143 3 69 - 3 40 203 - -
CONNECTICUT o = ¢ & o « & 4 874 928 a6l 82 2u3 261 70 883 - 73 - 524
ODCLAWARE:S & 4 * ¢ * o o » 811 un 461 - - - 1] - 98 = .
FLORIOA « * « o o % s s o & 13 uTy 2 038 1 63% 2 147 1 2u? 171 281 200 498 LY - u9 3¢
GEORGIA = =« = ¢« & » o o o = 3 1%% 330 Uy 1 872 1.1 - 62 - - - -
HAWAIL, o o ¢ 2 s # % o & = 2 8713 10 713 - H 32 - - 1 gol 90 ugl
IDAMO . + o o = 5 % o o o & 1 690 - 7% ] 34 FS 128 - - - 19
ILLIMOLS, o & ¢ 2 o o o o o 17 908 1 683 3 623 2 %49 1 001 3 4 768 477 sul kH - 750
INDLANA | o . . o s o o » 4 o0ae 1 100 1 03 387 (1.1 - lu 12 100 - 178
I0WA. o « = ¢ o o % & + 5 » z 091 - 1 181 224 400 7 3» 70 - - - 6%
KANSAS, & « o o« 4 4 + & o ¢ u 107 T 1 94} 1 362 393 5 - - 12 u2 - -
KENTUCKY. + 2 & = = ¢ & & o 6 670 - 1 237 234 1 032 9 - 184 12 - 3 797
LOULSIANA & & & & & o & & & 6 2% - S 337 - /35 - 4y L 284 = 25
MAINE o 4 o « o 4 o « 8 & » 1 3ou 3u 671 | - 73 217 23 54 139 - - 1
MARYLAND, « « & s » & o & » a 996 1 018 1 03k - 236 1 3 lua uaﬂl ur? - - -
MASSACHWUSETTS | . 4, &« + « o 3 7288 a62 183 u99 1 013 113 1041 10 - - 108
MICHIGAN: + =« » = = o = » = a 353 3 2.7 1 %3 97 1 624 - 208 T3 - - 352
MINNESOTA o & o » = = & » = o 199 50 1 385 26 T0% 150 8da 10 21u - a3
MISSISSIPPL & 4+ & ¢ = = & = 1 627 965 a6 21 usn 3 - - - = 26
MISSOURL, = » o o o o v v 2| 2083 <l 1 s2s = 250 - g & a7 = =
i
MONTANA | . o ¢ ¢ o o o = s ECTYS - 650 uy 9a 84 - 177 23 - 7R
NEBRASKA, . o 4 & ¢ o & » o 6ul 45 432 - 30 - - L1 10 = -
NEVADA., o o * o o o & = 2 # 1 084 - 453 - . a8 - - - - - -
NEW HAMPEHIRE , . o & » o« « 1 210 - ulo - - - - - - - -
HEW JCRSLY+ » & & = & s & & 8 097 281 a5a 423 417 3 %98 - 4 253 = - t
NEW MExlen, o s ¢ e 0. . W 4 012 - 325 - T4 - - 9 - - 3 600
HEW YORK. & o o * & o & o & 100 69% % 919 793 1 180 1 330 A 033 2 422 $1s 1 lpu = & 269
NORTH CAROLINA. o o o o & « | 11 98 1 4ul 3y 177 3 sa7 154 289 1na 2 631 - 153 1
NORTH DAROTA, . o« & » = &+ » 1 832 = [-1--3 Na 62 s - 292 76 - -
OHIN, 4 & & o « o« ¢ 5 & & « 7 228 3’2 1 1 299 a70 366 124 a3 11 - 3 329
ORKLAHOMA, o & = » & « = o o 1 ud3 e us2 136 236 180 - 29 - - -
NREGON. &« & & & = » a » o & & 070 1] 2 320 1 9u2 49 10} ] - 99 49 - uz22
PENNSYLVANIA, . « & & & = » 9 264 2 460 993 1 é&su 1 917 ° 401 640 183 unl = oy
AHODE ISLAMD. & = » o & & 752 - - 137 33 - H - 250 - 300
SOUTH CAROLINA. + o o o o » 4 974 590 3 197 - a3 1% a4 - 128 .- B &
SOUTH DAKOTA, &+ = = » o o » 1 262 - 1 089 - 19 - - 183 - - -
TENNESSEE & & o o = o » + « 1 lea 8 Su) 103 1u4n - ™ - - - - |
TEEAS o o & & & o a o s + = i1 AdA 1 328 ) 968 209 2 203 - 298 146 »n - uss H
UTAM. o« o s & 5 o o s s & » 1918 8 63 1 usl 137 132 1 - - - 8%
VERMONT & o 4 v s s s o o o 188 - - - - ug - 11 - - -
VIRGINIA, . o 4 o ¢ = = » & S 199 las 229 1 120 2 143 17 58% loo 11 - - s
WASHINGTON, o+ ¢ = = o » o s 12 062 140 2 892 [:1] 1 33 - 901 A8 24 - 292
WEST VIRGINIA o 4 &« o o = o a39 124 137 - 119 - - 180 202 - 4o
WISCONSIN o & 4 o = s o = o 4 393 u23 a9t &7 ar - 1 699 218 371 - 398
WYOMING . & v = o s s s o s 716 - 386 - 23 29 - - ua - -

noTE:

= Represents zero:

SOURCEr

Becauss of rounding,

deteil may not sdd to totale:

Hational Science Foundatien



Table B-3. State agency expenditures for research and development by State, source of funds,
and R&D plant: FY 1977

{Thousands of dollars)

Total resestch snd development end RAD plant lesearch and davelopaent &0 plant
Fedaral own Fedarsl Own Fadersl own
S o o« ol IR LTl T s B Bl IR el
.:::" saurces’ sourtes - sources arees

TOTAL & o s o & 5 » & 370 192 148 138 209 T10 19 323 398 u7dy 142 036] 197 34)| 18 A7 11 7117 3 8 1o aa
ALABAMA] o o omie ] 6070 ® o8 o8 o= 1 M9 925 u18 1% 1 227 a2 L] 13 132 33 -
ALASKAL o & 4 o & 8 o & &+ 0 7 833 3 Aat 3 187 201 T 48% 3 84 3 412 201 200 113 -
ARIZONA . o 4 « 2 o s 8 o 0 114 1 283 434 2 1 684 123 429 2 47 27 -
ARKANSAS, o o o & o s 5 o @ Suu 292 252 - 303 29 211 - ul ¢l -
CALIFORMIA, & ¢ o« = o ¢ & » 3T 82 13 317 23 tag 775 37 uss 1) 2u) 23 659% 392 33 al 183
COLORADD,: s &« o s ¢ & s o & 9 b4A T 997 L oslu 37 9 A20 7 97 1 609 7 24 H -
CONNECTICUT 5 & s 5 o o o = 3 199 2?2 2%9 2 621 315 4 aT4 2 2% 2 300 s 3?1 2l -
OLLAWARC, » & & » s« o ¢ + « 696 471 223 - 411 “g 203 - a9 22 -
FLORIOA o ¢« o o o s s o & & 14 730 5 81R A 429 344 1y uts 351 T M 488 1 236 1 2% -
GEORGIA o o o o o 4 & o s @ pI-1-} 1 930 123 - 3 139 1 94 1 23 - 2 - -
HAWATL, ¢ o o o o » s » o + 3 370 232 2 7193 uy 2 873 33 2 298 43 297 497 =
IDAHD & o s s o » » » o & » } h90 1 o83 293 13 1 490 108 493 13 - - -
ILLINOIS, o 4 o o v s o o o 18 a0 & 332 10 99% 433 17 Sna 4 &9 0 %6} u33 ar: a3 -
INDIANA & & & s o & o & o = 4 10! i} ul ? 870 - 4 on9 1 u3 2 438 - 12 12 -
IOWA. o« & o ¢ 5 2 2 & & & « 2 160 9ta 1 2u2 - 2 097 91 1179 - 43 . [ -
KANSAS, . 4 2 ¢ o o o s s » 4 137 2 Bau9 987 a0 4 107 2 ALY 94t 0o 30 -] -
KENTUCRY. & o o & o ¢ & » & A 182 V14| A 929 97 & 470 1 154 3 uinm 97 1 51t 1 311 -
LOUISIANA & & o o o o s o+ T 287 2 9l 4 328 - & 32% 2 074 4 a30 - 761 a7 -
MAINLE ¢ v o ¢ o » 2 3 » 3 = 1 3ue 612 570 7 1 Juu 671 1.1 7 - L} -
MARYLAND, o + o + s = o o = % 08) 1 2% T 703 13% 8 994 1 2%% 7 506 3] 7 L2 -
MASSACHUSETTS . . o « ¢ « » 3 A%0 L) 2 073 73 3 286 1 374 1 839 73 268 234/ -
HICKHIGAN, + , ¢ s 5 » & & o A 574 3 en u 911 273 8 353 3 4 797 268 221 118 tL)
MIMNESOTA . & o & o ¢ ¢ = 4 2u7 1 160 3 033 82 4 199 t 16 2 987 LT [1] -
MISSISSIMPY , o & & o« . . 1 ha7t Ty 309 - 1 627 71 09 - - -
MISSAURTI, o . & = « & o » 2 14% 1 a2l 4l 7 2 033 1 al L3 7 113 107 -
MONTANA . o o & o o & o o » 2 A&7 1 074 1 197 -} 2 R&t 1 a7 1 783 ] [ & =
NEBRASKA, < & &« v o o & o a7 9 764 To- Aul b1 ] 292 - M L] -
MEVADA, & o 2 o o o 2 ¢ & & 1116 918 200 1 ! oau Ady 199 1 » 1 =
MEW MAMPSHIRE . o« o + » s 1 292 1 ool 291 - 1 2lo 94 270 - "2 21 -
NEW JERSEY. o o o » o » o o A T 3 ulK ? 120 3 202 A u97 32 2 060f 3 1i¥1 203 68 12
NEW MEXICOs o « # o o o » » 4 301 1 3ud 2 A3% p+17 4 012 1 30§ 2 380 24 age 253 -
NEW YORK, & . s o o s ¢ & » 102 2%8 27 371 A4 73R 3 350 100 695 28 667 a 298 R 1 3A) anl 21a
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Tabie B-7. State agency expenditures for research and development by State
and tield of science: FY 1877

{ Thousands ot dollars)

r urthiar, Sacial r
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dtate Tat el atlences | sdinces Peycha logy actencwsl .::::::. m::-:" neering Economics Schet thabli tcaaces
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NATIONAL SCIENCE FOUNDATION
WASHINGTON DC 20350

DRAFT STATE R&D SURVEY--1987 - FOR COMMENT

SECTION I -- FUNDING OF RESEARCH AND DEVELOPMENT

1. Total R&D Expenditures (Distributed by type below)

A. Current R&D Expenditures, Total $
Basic Research $
Applied Research $
Development $
B. R&D Plant $
2. Total R&D Expenditures by Source
Current R&D Expenditures--total should
equal item 1A. $
A, Federal Government Sources $
B. Own Sources $
c. Industrial Sources $
D. Other ~-specify in "NOTES" $
3. Total R&D Plant Expenditures by Source
Current R&D Expenditures=--total should
equal item 1B. $
A, Federal Government Sources (See #5) $
B. own Sources $
C. Industrial Sources $
D. other--specify in "NOTES" $
4. Total R&D Expenditures by Performer
Current R&D Expenditures--total should
equal item 1A. $
A. R&D work performed directly by State $
Grants, contracts, and reimbursements to:
B. State universities and colleges $
C. Private universities and colleges $
D. Nonprofit organizations $
E, Private individuals or firms $
F. Other--specify in "NOTES" $




Supporting Federal Agencies

Federal Total--total should equal item 3A. $
AGENCIES:

A. s
B. $
c. $
D. $
E. Other--specify in "“NOTES" $

Total R&D Expenditures by Field of Science/Engineering

(Estimates are acceptable.)

Current R&D Expenditures--total should

A.
B.
cl
D.
E.

equal item 1A.

Medical Sciences

Biological Sciences

Psychology

Physical Sciences

Environmental Sciences

Mathematics

Computer Sciences

Engineering

Social Sciences

NN annandr BN

Other sciences not elsewhere classified

Total R&D Expenditures by Functional Area

A.
B.
C‘
D.
E.
F.
G.
H.
I.
J.
K.
L.

Health

Natural Resources

Education

Transportation

Income Security and Social Services
Environment

Crime Prevention and control

Econonic Growth and Productivity
Area/community development & Public Service
Science and Technology base

Energy

Fooed, fiber, & other agricultural products

43 N U AN AN D AN AN B D AN D



Enhancing the Economic Output of the
Federal Laboratories: New Initiatives

"QOverview of Technology Transfer Legislation and Programs”

presented by

Mr. Norm Peterson
Strategic Planning Group
Argonne National Laboratory
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Enhancing the Economic Output of the
Federal Eaboratories: New ﬁlitiatives

presented by

Mr. Ray Gilbert, Manager
Applications Engineering
National Aeronautics and Space Administration
Technology Utilization Division
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Za> TECHNOLOGY UTILIZATION PROGRAM MANDATE |—|
SPACE ACT (1958) C

Space Act Provides For:

Section 305(B) New Technology Reporting on any Invention,
Discovery, Improvement, or Innovation

Section 203(A)(B) Widest Practical and Appropriate

Dissemination of Information on New
Technology

Section 102(F) Application of NASA's Capabilities and

Competance to Development and Demonstration
Programs




Executive Order 12591
NASA @

» Technology Share Program - Establishment of
consortia of universities and private companies
centered around a federal laboratory for purpose
of promoting long-term national competitiveness.

* Requires agency heads to Identify and encourage
those persons and organizations best capable of
promoting technology transfer for commercial
use.




(P.L. 99-502)

NASA * Technology Transfer Act of 1986 @

Technology transfer is a responsibility of each scientist
and engineer as a part of their position description in
addition to being a criteria for promotion.

Provides other federal agencies the flexibility and
opportunity that NASA had under the Space Act - to be

able to enter into cooperative agreements with outside
organizations.

Requires agencies to reward inventors by participation
in return flow of royalty income.

« Encourages recognition of those persons sucessfully
contributing to technology transfer activities.

Allows participation of federal agencles In activities
involving local & state governments, universities,

and private sector companies for purposes of economic
development.




NASA _ TECHNOLOGY UTILIZATION DIVISION @_

PROGRAM OBJECTIVES

Accelerate Application and Use of Aeronautics
and Space Technology by the Private Sector

* Facilitate Multiple Secondary Uses and Application
of NASA Technology by Public and Private Sector
and Academia

e Continue to Improve NASA Technology Transfer
Process

e Promote Application of NASA Expertise and
Capabilities to Non-Aerospace Needs of the Nation




aa> TECHNOLOGY UTILIZATION DIVISION @
WHAT WE DC | U

* Acquisition, Dissemination, & Network o_uo_.m:o:m
- New Technology Reporting, Evaluation, & Preparation
- 2 Contractors Involved (900 New Technologies / Year)

- 10 Industrial Applications Centers (IACs)
- 10 Contractors Involved (Mostly University Based)
with 10,000 Industries / Clients Served per Year

- 1 Computer Software Managent & Information Center
( 1500 Software Programs )
- 1 Contractor Involved

- Automation & Systems Integration
- Technology Utilization Network System (All Field

Centers & IACs Involved)
- 1 Contractor Involved (Development, Integration,
& Testing




NASA TECHNOLOGY UTILIZATION DIVISION @_
WHAT WE DO U

* Acquisition, Dissemination, & Network Operations (Cont.)
- Technology Utilization Officers / Counselors
- 5 |AC Contractors Involved at Field Centers (Value-
added Engineering)
- Technology Utilization/Transfer Office at Each
Field Center

- Industrial Applications Center Affiliates (Natlonwide)
- 30 State Assistance Centers (On-board)
- 12 State Assistance Centers (Being Negotiated)
- Alt Industrial Applications Centers Involved

- Small Business Technology Transfer Operations
= Developing Agreement with Small Business Administration
- 51 Small Business Development Centers Affillates
(parents) Involved
- QOver 500 Small Business Development Centers
Aftillates Involved .




| 2\/m> TECHNOLOGY UTILIZATION DIVISION @
WHAT WE DO U

. ._.mo_.so_om< Engineering Applications
>uu=om=o=m Engineering Projects (60 at Field Centers)
Automation & Robotics (10%)
- Bloengineering / Biotechnology (30%)
- Advanced Materials / Composites (15%)
- Electronics / Semiconductors (25%)
- Rehabilitation (20%)

- Technology Applications Teams
- 2 Contractors involved to Assist Field Centers with
Applications Projects
- Broker & Go-between at Field Centers and Industrial
Clients / Other Government Organizations




Z\Jm\/ | TECHNOLOGY UTILIZATION DIVISION @
WHAT WE DO Y

* Project Development

- Publications & Printing (Bi-monthly NASA Tech Briefs
Journal and Annual Spinoff Magazine)
- 2 Contractors Involved

- Brouchures / Films / Exhibits
- 2 Contractors Involved

- Commercialization Database / moxim_.m Development
- 3 Contractors Involved

* Industrial Qutreach

- All Industrial Applications Centers
- Industry / Trade Exhibits, Shows, & Expos

- Market Development (Terrestrial Applications)

- Industrial Associations / Professional Societies

- AdaNET Software Repository

- Commercialization Support (All IACs, Boeing
Aerospace, and AlAA)

- Federal Laboratory Consortium Network (Over 600
R&D Federal Labs Involved)




Z\Jm> - TECHNOLOGY UTILIZATION DIVISION @

WHAT WE DO

* Program Development, Evaluation, & Coordination
- Scientific Technical Information Facility Support
- Technical Support Packages (TSPs) for Tech Briefs
- Dissemination of Publications (Tech Briefs, Spinoff
Magazine, TSPs)
- Database Enhancements
- Spinoff Case Development, Documentation, & Review
- Surveillance of Tech Briefs Users
- 1 Contractor Involved - Handles Approximately
1 Million Inquiries per Year

- Market Assessment / Research
- Industry, State, and Local Organizations
- Assess Technology Needs and Technology Gaps
- 2 Contractors Involved

- Contract / Institutional Support
- Institutional Management Support
- Federal Laboratory Consortium Institutional mcnuo:
- Defense Contract Administration Support




TECHNOLOGY UTILIZATION
2\’m> DISSEMINATION MECHANISMS (History)

@

* NASA Tech Briefs Established in 1963
* First Industrial Application Center Established in 1963

» COSMIC (Computer Software Management Omim: Established
in 1966

* NASA SPINOFF Magazine Established in 1876

« NASA Average Yearly Expenditure Approximately $5.0M
Over Last 10 Years

 Benefit to Cost Ratio of 14:1




2\ﬁ> NASA Milestones In Technology Transfer
Dissemination History

@

e Tech Briets

- One-page summaries of technological breakthroughs
for broad distribution to Industry (1963-1976)

- In 1976, changed tormat to quarterly magazine

- Currently published bi-monthly by industrial
publisher with distribution of over 200,000 readers

- 12,892 Tech Briefs published from 1963 to 1987

* Industrial Application Centers
- First established In 1963 under agreement with
University of Indiana
- Currently 10 IACs
- Provide assistance in technological searching and
access to industrial engineers and sclentists for
U.S. businesses




a\ﬁ\/ _ NASA Milestones in Technology Transfer @

Dissemination History

« COSMIC

- Dissemination of NASA computer software programs

- Established In 1966 via bilateral agreement with
University of Georgia as distributor of software
tfrom Marshall Space Flight Center

- Range broadened Iin 1968 to include distribution
of all NASA-developed software to both NASA field
centers and private users

- NASA centers use 25% of documented COSMIC programs




2>m> NASA Milestones in Technology Transfer amn
Dissemination History C

* Spinotff Magazine

- Initiated In 1976 as an upgraded version of the
annual TU report providing a more graphi¢c and
dramatic presentation of sucessful transfers

- Over 500 transfer cases reported up to 1988

- Space Benefits, a related publication, was
initiated simultaneously and provides vignettes
on a wilde variety of transfer cases and the
benefits derived from them

- Annual publication of 45 to 60 SPINOFF cases




DISSEMINATION CENTERS

2 >m > TECHNOLOGY UTILIZATION _ @_

OBJECTIVES

* Provide Means for Acquisition, Dissemination,
and Application of NASA Technology

* Provide Private Sector Access to NASA Technical
and Management Information

» Utilize NASA Capabilities to Solve Private
Sector Problems

 Contribute to Private Sector Development of
New Businesses and Expanded Product Lines




Z\Im\/ TECHNOLOGY UTILIZATION
DISSEMINATION/APPLICATION NETWORK

,

TAC
Univ So CR Univ New Mex

4 NASA Field Center
® Industrial Applic Center
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RNATION. PERI TEC GY

Technology transfer is the process by which research findings are
introduced into the industrial sector and converted into new products and
processes. Recently, the International Trade Administration, U.S.
Department of Commerce, has carried out a series of studies on
biotechnology in Western Europe and the Far East.

In this paper, the mechanisms of technology transfer will be
reviewed with special emphasis being placed on biotechnolegy centers.
The implications of such developments for state initiatives in
biotechnology will be explored.

1. MECHANISMS OF TECHNOLOGY TRANSFER

The principal mechanism for technology transfer in the United States
is the creation of new bilotechnology companies. Most of these are
spinoffs from work carried out in university laboratories and research
institutes. Western Europe, in general, and the U.K., in particular,
have experimented with more mechanisms of technology transfer than any
other region of the world. The newly industrializing countries of the
Pacific Rim are starting from a weak research base and concentrating
their efforts on technology transfer. Table 1 summarizes the mechanisms
for technology transfer observed in Wastern Europe and the Far East. It
cannot be overemphasized that the success or failure of a specific form
of technology transfer is a function of a given society and is not
necessarily applicable to a different country and a different culture.

1, Institucional Mechanismg

These mechanisms involve long-term commitments and large budgets.
The justification for these is that certain types of R&D require an
interdisciplinary approach and long-term funding. Government institutes
include the network of TNO institutes (Netherlands), the transfer centers
(France) and che GBF (West Germany). These institutes have focused on
specific research problems (e.g. food processing, waste treatment) and
tried to develop joint projects with industry. The Genetic Engineering
Research Center (South Horea) and the Development Center for
Biotechnology (Taiwan) receive a major portion of the governmment funds
for biotechnology. Though their principal mission is the application of
basic research, their first goal has been the introduction of the new
technologies from abroad.

Swiss induscry has invested heavily in private research instictutes
such as the Miescher Instituce (Ciba-Geigy) and the Roche Institute of
Molecular Biology. Though such institutes have done first class
research, there have been serious questions as to the effectiveness of
the technology transfer. South Korea has also established a large number
of private research institutes, and an increasing number of those are in
biotechnology. However, recruitment of qualified staff remains a major
problem. The Battelle institutes in Frankfurt and Geneva are part of the
U.S. not-for-profit organization that does contract R&D for government
and industry. It is felt cthat in biotachnology, they have not been
competitive with the small biotechnology companies. Cambridge and
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TABLE 1
MECHANTISMS OF TECHNOLOGY TRANSFER

. Institutional

Government institutes

a.
b. Private research institutes: corporate or independent
¢, University biocenters
d. University science parks
. Financial
a, Grants for applied/gemeric research: industrial R&D
university-industry R&D
b. Grants for technolegical innovation
c. Research clubs (goverunment-industry)
d. Joint ventures (academic research-industry)
. Administrative
a. University technology transfer office
b. Graduate studentships in industry
c¢. Consultantships in industry
d. Temporary assignments from academia to industry and vice-versa
e. Postdoctoral fellowships and visiting professorships for
international collaboration
f. Research round tables
. Corporate
a. Companiass created by the government with special access to public
research
b. Public Corporaticn: licenses and invests in public research

d. Establishment of new companies

. Transnational R&D

a.
b.

Contracts with new biotechnology companiss (mainly U.S.)
Funding of research in foreign countries (mainly in U.S5.)
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Leicester wuniversities (U.K.) have established biocenters in
collaboration with private companies. The biocenters carry out research
on toplcs of interest to those firms.

2. _Financial Mechanjsms

Government support for applied R&D is an obvious extension of
existing mechanisms for funding basic¢ research. Most countries provide
grants for applied R&D and technological innovation. There has been a
growing emphasis on those projects involving university-industry
interactions. The amount of funding is usually not large in comparison
to industrial budgets, but is comparable to research grants. Such
applied R&D grants provide seed money for new projects, and particularly
in Asia, fund projects that would not otherwise be undertaken by private
companies. Possibly their most important effect is to involve academic
researchers in industrial precjects.

Research clubs in the U.K. bring together university laboratories
and companies that are interested in a specific research area. For
example, the Protein Engineering Club brings together six universities
{Bristol, Leeds, Oxford, Sheffield, Birbeck and Imperial) and five
companies (Celltech, Glaxo, ICI, RTZ and E. Sturgis). The companies
contribute 30,000 pounds ($38,800) each over four years and the Science
and Engineering Research Council 2.5 million pounds (§3.24 million) over
the same period. In addition, the Biological Sciences Committee will
fund 900,000 pounds ($1.16 million) of basic research projects related to
protein engineering.

Typical examples of joint ventures include the four companies formed
by the Institute Pasteur (France):
- Pasteur Vaccines: production of vaccines and sera. It is owned
49% by the Institute and 51% by the Institut Merieux.
- Diagnostics Pasteur: diagnostics. It is 49% owned by the Institute
and 51% by Sanofi.
- Blochem: development of biological pesticides., It is owned 15% by
the Institute and 85% by Solvay.
- GIRPI: research on immunostimulants. Three equal partners: the
Institute, CHOAY and Sanofi.
Following the patenting of any new discovery at the Pasteur Institute,
the affiliate companies examine it for a period of six weeks and have
three months in which to decide whether to commercialize it. There are a
significant number of agreements with U.S. companies.

2. Admpiniscrative Mechanisms

Administrative arrangements have existed for a long time and provide
a mechanism for individual involvement in technology transfer. New
regulations allow students funded by government fellowships to do
research in industry (CASE program in the U.K.). It has also been
generally accepted that university faculty members can act as consultants
to private firms. This practice is spreading to government research
institutes. In ‘addition, countries such as France and West Germany now
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allow academic researchers to be seconded to industrial laboratories and
vice versa. It is not known whether this has increased the movement of
personnel between the academic and industrial seccors and, if so, whether
it has had much effect on technology transfer. In Singapore, some
faculty members do work with companies, but this praccice is not common
in either South Korea or Taiwan except in the framework of specific
government projects.

Universities have introduced technology ctransfer offices (e.g.
University of Leiden in cthe Netherlands}). These wusually have dual
functions: providing advice on patents and licenses, and acting as
agents, It is felt that they provide a useful advisory function, but do
not have the experience or rTesources to be successful marketing
organizations.

Research round tables (U.K.) are periodic, open discussions between
scientists and industrialists on specific research topics. Given the
relatively weak science base in Asia, fellowships and visicing
appointments play an important role in technology transfer. For example:
Taiwan sends both young and established investigators to the United
States for research and training and also brings researchers cto Taiwan
from abroad.

Administrative measures are simple, relatively inexpensive, and
targeted towards individuals, They do serve to foster universicy-
industry interactions.

4, Corporate Mechanjsms

The establishment of new biotechnology companies is the most
glamorous form of technology transfer, but is also expensive, complex,
and very risky. The dilemma in Europe and Asia is whether to leave this
to the privacte sector or to have direct government involvement. The U.K.
government has had the principal role in establishing several new
biotechnology companies (e.g. Amersham, Celltech and Agricultural
Genetics Co.) in partnership with private investors. These new firms
had, at the outset, access to the research from government-funded
lahoratories. As these firms became fully established, the government
divested itself of its holdings. The Taiwan government has bean a major
partner in the establishment of Lifeguard Pharmaceutical and General
Biologicals Corp., two new biotachnology companies spun off from the
government supported Development Center for Biotechnology. In contrast,
the Singapores government has not been directly involved in the four new
biotechnology companies created theres, but has provided a package of
financial and tax incentives for new high tachnology companies.

The British Technology Group is a public corporation that initially
had rights of first refusal to all government-funded research. It
functions as an agent, provides funds for joint ventures, and is a source
of venture capital. In general, European govermments have preferred to
provide indirect support through loans and grants. Direct government
support allows new companies to survive. However, their commercial
success depends on a combination of technical expertise and sound
business management plus compatible and wealthy large partners for
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production and wmarketing. There is little evidence that direct
government involvement is more effective than indirect support in
increasing the chances of success for new start-ups.

A variation on this theme is the effort of certain European and
Asian countries cto attract new U.S. biotechnology companies. If
indigenous scilentists are unwilling to establish new companies, the nexc
best thing is to recruit foreign companies. The Netherlands now has five
U.S. biotechnology companies. The U.K. has pursued a similar policy and
a number of U.5.-U.K. joint ventures now exist. 0f the four new
Singaporean biotechnology companies, three are joint ventures with U.S.
companies.

Alcernatively, two large Korean conglomerates, Samsung and Lucky,
have established new biotechnology companies (Eugenetech and Lucky
Biotech) in the United States. These offspring carry out contract R&D
for the parent organizations and provide a window on developments in U.S.
biotechnology.

2. Transnational R&D

For large multinationals, transnational R&D is the fastest and
probably the most effective form of technology transfer. There are seven
major types of biotechnology contracts between foreign and U.S,
companies: 1) acquisition, 2) venture capital/equity, 3) contract R&D, 4)
joint R&D, 5) license/production, 6) license/distribution/marketing, and
7) joint production/marketing/distribution or establishment of a new
firm. Since the mechanisms for technology transfer in their own
countries have been slow, and in many cases unproven, foreign
corporations have used their extensive financial resources to entsr into
agreements with U.S. companies (particularly the small, new ones). The
numbers of such contracts has increased stesadily in the period from 1981-
1986 (Table 2). Many of them included more than one type of agreement
(e.g. a contract can cover agreements on both joint R&D and
license/production). Japan 1s far ahead with a total of l4l contracts
followed by the U.K. (35), West Germany (31), Switzerland (26), France
(21) and Sweden (19). The total number of contracts for Westarn Europe
is 173. The most common agreements with both Western Europe and Japan,
are licenses for production and distribution/marketing. For the period
under study, the significant difference between Europe and Japan is that
the Japanese were not invelved in acquisitions until 1986 while the
Europeans started in 1981, The Japanese have made more use of contract
R&D reaching a peak of 1l contracts in 1982, and then dropping to 3 in
1985. This probably reflects the stronger science base in Europe at the
beginning of this period while the shift to joint R&D is probably an
indicator of increased research capabilities. OQur studies have shown
very limitced contract activity between companies in the Pacific Rim and
U.S. companies. It is likely that there is a larger number of agreements
with Japanese companies.

In addition, European multinationals have increased their funding of
R&D in the United States. As the competition for biotechnology products
increases, many of the foreign multinationals have expanded their
production and business operations in the United States which is
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INTERNATIONAL BIG

FABLE 2

OGY AGREEMENTS

1981-1st Quarter of 1986

Y7 4
‘,?’ "' '?1' s" .',3' * j
ry &
Belgiun 1 1 1 3 1 2 9 9
Denmark 1 2 2 il 1 1 8 7
Finland 1 1 3 5 3
France A 1 3 3 A 6 5 2 21 |
Germany 1 1 7 6 14 18 3 50 31
Italy 3 1 3 2 1 1 1 10
Netherlands | 2 3 2 2 1 10 ;91
Norway 1 1 1
Spain 1 1 1 3 2
Sweden 3 3 s . 5 3 3 29 19
Switzerland 1 2 11 4 5 6 3 34 26
UK. 4 n A 5 A 3 5 38 35
Lictal eurcpe] 16 | 28 | 38 3 36 a9 7 21 | 13
| Jspan 2 24 30 24 A0 59 % 203 141
NGEET TRIS Table {s based on data compiled by Rachel Schiller, Office of Basic Industries,

Intarnational Trade Administration, U.S. Department of Commerce.

*Some contracts may involve more than one type of agreement.
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frequently cheir largest single markec. Tradicionally, while
multcinational corporations have had their manufacturing and business
operations all over the world, they have tended to retain cheir R&D
operations in their home Country. Now, in addition te their concracts
with U.S. companies, there is every indicacion that R&D activities will
also be located in the most advantageous enviromment. The United States
provides one of the most appealing locations because of cthe size and
quality of its research establishment as well as its pool of scientific
manpower. Table 3 shows a number of instances of R&D funding -in the
United States by European companies. This can take a number of different
forms: funding of university departments/institutes (e.g. Hoechst),
establishment of private research inscitutes {e.g. Roche) and acquisition
of a company with its own research institute (e.g.AKZ0). Frequently the
company gains access to basic research unavailable in its home country
(e.g. Hoechst, AKZ0) or increases the R&D capabilities in its major
market (e.g. Alfa Laval). '’

Though almost all goverunments studied have placed a major emphasis
on technology transfer, there is seldom a clear-cut definition of ics
objectives, nor milestones to measure its progress. Furthermore, in most
cases, there i3 no mechanism for evaluating technology transfer.

11 . BIOTECHNOLOGY CENTERS

During the past few years, a number of states have established
biotechnology programs and centars., Their stated purpose is to promote
the development of biotechnology-related industries in those states. 1In
addition, the National Science Foundation has a program for Centers of
Excellence some of which are in the biological area. It would therefore
be useful to examine in some detail the experience with such Centers in
Western Europe and Asia.

Table 4 1lists some of the major biotechnology centers that ‘are
involved in technology transfer. All of these centers are national and
with the exception of the ATV in Demmark they are funded in large part by
the national government. The scope of such activities ranges from large
networks such as those in France and the Netherlands to single centers
such as those in Spain, South Korea and Taiwan. Their principal function
is R&D and any educational component is a relatively small part of their
activities. More often than not, their priorities are set within the
context of national science policy (many of them are part of a National
Biotechnology Program). Their budgets include government funds, contracts
from other government agencies and private industry. The size of most of
these centers is quite large with budgets ranging from $3.5 million to
almost $16 million and scaffs of 200-400. Even though technology
transfer 1s of paramount importance to industry, the fact remains that
none of these centers could survive on the basis of funding from the
private sector. Therafore, technology transfer 1is perceived as an
extension of pgovernment responsibilities for basic research and
education.

The Genetic Engineering Research Center (South Korea) and the
Development Center for Biotechnology (Taiwan) were created for the
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ANNUAL
COUNTRY INSTITUTIONS STRUCTURE BUDGET STAFF
France Univ. of Compiegne Government laboratories Na NA
Pasteur Institute attached to existing
National Inse. of universities or
Agronomy inscicuces
Univ. of Aix
Univ. & Inst. of
Applied Sciences
of Toulouse
Netherlands TNO (35 insctitutes; Network of government $60m 5000
7 in biotechnology) institutes doing
applied R&D
Denmark ATV (19 institutes; Network of applied R&D | $42.5m 1250
3 in biotechnology) institutes funded by :
private industry
Germany GBF Nacional biotechnology | $15.6m 390
rasearch center
Spain Centro Nacional National biotechnology | $5.3m 300
de Biotechnologia research center projected
Sweden Huddinge Center for Center funded by planned
Biotechnology county & national
governments
Korea Genetic Engineering Autonomous research $3.5m 170
Research Center center mostly funded
(KAIST) by government
Taiwan Development Center Autonomous research $7m 103

for Bictechnology

center funded by
government and
government owmed
companies
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explicit purpose of technology transfer. They receive contracts from
private industry and are also involved in joint projects with companies.
However, ctechnology transfer in the absence of a strong indigerous
research base is a daunting task. Therefore, both institutions have the
added responsibility of introducing new research procedures and
technologies into their respective countries and disseminating them to
other laboracories.

The situation in the U.K. is probably more relevant to an American
audience since it is decencralized and much less linked to national
policy and industrial planning. These biotechnology centers are usually
associated with universities and are on a much smaller scale than those
mentioned above. For example, the Biotechnelogy Center at Imperial
College (London) has an operating budget of approximately $500,000 and a
staff of 50; the Leicester Biocenter (in partnership with five companies)
has a budget of $500,000 and a staff of 30; and the Cambridge Biocenter
has a budget of about $1.3 million and a staff of 31. Most of these were
started with local initiative and funds from the university plus supportc
from the University Grants Committee and other govermment agencies. They
focused their activities on those research areas in which they were
traditionally strong.

Table 5 summarizes the major policy issues which all of these
biotechnology centers have to deal with.
1. Institutjonal autonomy: scientific and administrative flexibility are
important in technology transfer. Therefore, it would be preferable that
biotechnology centers are not part of a large bureacracy whether that is
a government ministry or a large university system. :
2. Relationship to unjversitieg: being part of a university provides a
better interphase with basic research, gives access to skilled manpower
and provides the opportunity to upgrade university curriculums. On the
other hand, there are those who feel that university activities provide a
distraction from the more industry-related activities of a technology
transfer center, and might siphon off badly needed resources.
3. Nature of induscrial involvement: the objectives of the centers do not
always coinecide wicth those of industry since they would emphasize long-
term mechanisms such as joint projects and partnerships while industry
prefers the cost advantages and. flexibility of shorter term grants and
contracts,
4, Sciencific focugs: one of the most controversial issues is whether the
priorities of the scientific program should be set by the government, the
centar or industry. If the industrial clients play the most important
role, cthen chere 1is always the risk that the center becomes an
organization for contract R&D.
5. Relationship to economic development programg: the technology transfer
activities should be related to economic development goals since new
products and processes have to find industrial wusers and markets,
However, new technologies and established industries do not always make
for an easy mix, and the outcome is dependent on the goals of development
programs (save jobs now vs create companies tomorrow).
6. Networks and information transfer: one of the most important functions
that can be served by a biotechnology center is to be an information
center and to promote the rapid dissemination of new research findings
and applicacions.
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TABLE 5

KEY FACTORS TN TECHNOLOGY TRANSFER ORGANIZATTONS

INSTITUTIONAI AUTONOMY.

RELATIONSHIP TO UNIVERSITIES.

NATURE OF INDUSTRIAL INVOLVEMENT.

A) GRANTS AND CONTRACTS

B) JOINT PROJECTS

C) SPONSORSHIP

SCIENTIFIC FOCUS

RELATIONSHIP TO ECONOMIC DEVELOPMENT PROGRAMS
NETWORKS AND INFORMATION TRANSFER

INTERNATIONAL AGREEMENTS
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TABLE 6
l

CHALLENCES FOR U.S. BIOTECHNOLOGY CENTERS

1. NEW ORGANIZATIONAL STRUCTURES.
2. COLLABORATION BETWEEN CENTERS.

3. EFFECTIVE RELATIONSHIP WITH STATE ECONOMIC
DEVELOPMENT PROGRAMS AND LOCAL INDUSTRY.

4. COLLABORATION WITH FOREIGN RESEARCH CENTERS AND
UNIVERSITIES.

5. TECHNOLOGY TRANSFER ON A GLOBAL SCALE.

6. DEVELOPMENT OF INNOVATIVE TRAINING PROGRAMS.

programs.

For too long the United States has relied on one principal mechanism
of technology transfer, the creation of new companies. It is evident
that this is no longer sufficient to meet all of our needs, and that new
mechanisms need to be developed. This is an exciting challenge and one
which will profit from careful study of that which is happening all over
ths United States and all over the world.
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BIOTECHNOLOGY IN WESTERN EUROPE AND THE PACIFIC RIM

Author:Dr .Robert Yuan,
Professor of Microblolegy,
University of Maryland, College Park;
Senfor Adviser in Bilotechnology to the
U.S, Department of Commaerce
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Summary: Technical and industrial assessments of biotechnology
have been carried out in eleven countries In Western Europe

(Denmark, Finland, France, West Germany, Italy, Netherlands,
Norway, Spain, Sweden, Switzerland, United Kingdom) and three
countries 1in Asia (Singapore, South Korea and Taiwan). In

addition, some of the political factors that affect biotechnology
in Western Europe have been examined. A new trade initiative for
blotechnology in the Pacific Rim is discussed .



The Bilotechnology Program of the U.S. International Trade
Administration is carrying out a series of studies on blotechno-
logy worldwide. These include studies on Western Europe, Japan
and the Pacific Rim. The principal objectives were to:

1. determine the government policies in support of biotechnology,

2, identify the principal research laboratories and their
activities,

3. identify the principal companies invelved in bietechnology and
their activicies, and

4, study the various mechanisms for technology transfer from the
research laboratories to the industrial sector.

In addition, a recent study has analyzed the political factors

that are likely to affect the development of bilotechnology in

Western Europs.

The results of our European study have been published and
been widely disssminated, so I will not dwell on them at this
time, I would rather discuss a recent analysis of biotechnology
in Singapore, South Korea and Taiwan, and a new initiative for
collaboration between the Trade Development Program and & number
of state economic development agencies.

Blotechnology in the Pacific Rin

The growth of biotechnology in the newly industrializing
countries of Singapore, South Korea and Taiwan colncides with
government policies directed towards restructuring the economy
away from labor-intensive manufacturing and towards high technol-
ogy sectors. All of these countries have dynamic economies with
annual growth rates of 8-9%. They have a common Confucian
tradition, and a strong regard for education, hard work and
frugality. The United States has negative trade balances with all
thres ranging from §838 million for Singapore to $13.6 billion for
Taiwan (in 1986). The per capita GNP varies considerably with
Singapore’s $6519 being the asecond highest in Asia after Japan
while South Korea's $2296 makes it the least affluent of the
thres. One of che remarkabls achievements of these rapidly
expanding sconomies has been a fairly broad distribution of
wealth,

L. Goveroment Policy

Government policy is the single most important slement in the
development of biotechnology. In all three countries, the
government 1is involved Iin biotechnology at all levels starting
with basic research and extending te financial support for
industrial dsvelopment. In this respect, the role of the
government closely follows the patterns of Japan and numerous
European countries. Though the government represents a major
source of research funding, the amounts involved are smasll when
compared to the United States, and some of the major European
countriss. The budgets of $10 million reported for South Korea



and Taiwsn are small when compared to the $4.3 billion reported
for the United States or the $180 million for Japan. Though basic
research 1is carried out at university laboratories, government
policy has focused on the establishment and operacion of national
research institutes., A significant proportion of the government
funds has been invested on technolegy transfer institutes In South
Korea and Taiwan.

Biotechnology has been chosen as one of the priority areas
for industrial development. Both South HKorea and Taiwan have
National Programs of Blotechnology. In all cases, biotechnology's
special scatus has led to additional R&D funding and financing of
new products and processes. Health care in general, ‘and the
hepatitis problem in particular have been chosen for early
application of biotechnology. Singapora government pelicy ia
strongly market oriented, but the development of a hepacitis
vaccine and a number of diagnostic tests for AIDS and hepatitis
has been actively encouraged. South Korea has established a New
Drug Association (a partnership betwesn the government and drug
conpanles) while the Taiwan govermment has a National Hepatitis
Program. The emphasis on hepatitis is not only an attempt to find
a solution to a serious public health problem, but alsc serves an
important function in establishing a policical consensus in
support of biotechnology and in aeducating the national leadership
on its industrial and commercifal applications.

The govermments provide powerful incentives for R&D and the
introduction of new taechnologies including biotechnology. Both
Singapors and Taiwan have more comprehensive programs for high
technology than South Korea. While the Singapore government does
not take a major role in the financing of new companies (unlike
Taiwan), it does have the unusual INIT program for upgrading the
skills of its workers. In South Korea, the government has a close
partnership with the chaebols (industrial conglomerates) chat
encourages the targeting of new industries.

The 1lack of satrong intellectual property laws and of
comprehensive rules for approval and reglstration of new drugs as
well as new rDNA products have been major obstacles to the
development of bilotechnology. The long history of patent
infringeaents, product copying, protection of domestic manufactu-
rers, has been a major inhibitor of transfer of new techneclogies
to thess countries. Singapore has a Western-style patent systsm
that follows British law while both South Korea and Taiwan have
introduced new patent ‘regulations, but their impact remains to be
seen,

11, Science Pase

The basic research establishment in Singapore, South Korea
and Taiwvan Is weak, Of the three, Taiwan has the strongest
sclence base Lin the blological sciences. The governments’ efforts
to build up basic ressarch 1s primarily directed towards the
creation of new research centers. New government funding has led



to the creation of the Institute of Molecular and Cell Blology in
Singapore, the Central Laboratory of Molecular Biology, the
Institute of Blomedical Sciences. and the Development Center for
Biotechnology in Taiwan, and the Genetic Engineering Center and
the Institute of Molecular Biology aund Genetics in South Korea,

The major limiting factor in the development of both R&D and
industry in the biotechnology sector is a shortage of professional
manpower, Of the three countries visited, Singapors has the most
visible shortage of biological sclentists vhile Taiwan is in the
strongest position. The most rapid solution to this problem is
the active rescruictment of expatriate sclentists (primarily
resident in the Unicted States). Taiwan has a largs pool of
sclentists in the United States while Singapoe has used a policy
of high salaries and excellent working conditions to try to crasate
an International scientific establishment, If the problem is
already serious at the sclentific level, it becomes saversly
limiting at the level of management/administration due to a lack
of senior aclientists with broad sxperience.

111, Induscrial Bege
The biotechnology industry is in its infancy in these
countries. Both Singapore and Taiwan are committed to the

creation of new blotechnology companies whila South Korea is
likely to see new Industrial activitias associated with its large
conglomerates, While the governments encourage the activities of
the multinational companies as a source of employment and tax
ravenue, they accept the fact that such large corporations will
not introduce new technologies and products. Thsrefore, one of
the primary roles of the government is to promote new companies.
There are three diffarent models: 1) closely associated with
government institutions (Taiwan); 2) part of large industrial
conglomerates (South Korea), and 3) new private companies
frequently as joint ventures with U.5. companies (Singapore).

The pharmaceutical market is commercially important, but the
domestic pharmaceutical industry {s highly fragmented in South
Korea and Taiwan, and small in Singapore. The markets are
lucrative and the few new industrial activities in biotechnology
are heavily oriented towards human health care. The other two
iwportant industrial sectors ars agriculture/food processing and
specialty chemicals, but wich the exception of Plantek and
Everbloom in Singapore, efforts in these diractions have baen
limiced. ’

All of thess countries have an active entrepreneurial
environment particularly Singapore and Taiwan. Investment capital
is plentiful, but there is little expesrience with R&D companies
and there {s a generally conservative attitude towards funding new
companies without clearly definad products. Financial
organizations associated with the govsrmment therefors play a
major role in the funding of new high technology companies.
Profits from export sales and funds from averseas Chinese



represent large pools of domestic capital,

The single most important problem in industrial development
of biotechnology 1s the recruitment of an integrated team of
sclentists, managers, and marketing specialists.

IV, Technology Transfex

The principal mechanism for technology transfer is licensing
from forelgn companies., However, the move into high technology
industries and the highly competitive nature of such markets has
led to a search for new ways of introducing new technologias.
Singapore has used its free market environment to encouiage the
creation of new companies in collaboration with foreign compa-
nies. It has made effective use of fts grant system for retrain.
ing 1icts workers. At the government level, South Korea has
established the Genetic Enginearing Center as a technology
transfer institution and organized the Korea Genetic Engineering
Research Association (a partnership betwsen the goverument and
private companies), At the private level, Samsung and Lucky have
established genetic engineering companies in the United States in
order to carry out research and act as a window on developments in
U.S. biotechnology. The Taiwan government has established the
Development Center for Biotechnology as a center for technology
transfer and for the spinning off of new companiss., To date, none
of these countries hava scored any major successss.

Ihe Politice) Environment in Western Europe

The regulation of new biotechnology products and processes in
Western Europe is a patchwork of national laws and requirements
ranging from the permissive to the restrictive. None of the
countries except Denmark have specific 1legislation for
biotechnology products, but make use of existing statutes, Three
of the twelve require mandatory registration of rDNA experiments
while Dermark requires registration of all biotechnolegy work. In
general, the regulatory framework for blotechnology in Western
Europe is both reasonable and workable. There is however an
element of political volatility both in national legislatures and
public opinion that could lead to changes in the existing
regulations.

There is serious concern in industry that the lack of common
regulations will unduly delay the developmant of biotechnology in
Western Europe. It had been hoped that the cresation of an EEC
regulatory systsm would preempt national blotechnology regulations
and avoid the slow, painful process of harmonization. The passage
of new regulations by Denmark and the possible introduction of
similar legislation in the FRG makes it now unlikely that the EEC
regulatory system can be put in place before national systems.

The majority of the European governments (seven of twelve
with a possible eighth) are under the contrel of conservative



parties, There are five conservative-led coalitions In power,
three of vwhich are minority governments. The major European
Socialist parties are Social Democrats Iin all but name, and have
become among the strongest advocates for R&D, industrial develop-
ment, privatization of state industries, and creation of new
entreprenaurial high technology companies., They have also besaen
the architects of many of the natlonal blotechnology programs.

The Green parties have been among the most vociferous
opponents to biotechnology, but their influence has been less
through the electoral process than through the leveraging of weak
minority governments and/or providing for alternative polities.
The Greens are less likely to have a decisive influence if there
is a consensus for the orderly development of biotechnology among
academics, govermment officials, and industrial managers. This
congensus 1s most effective when it is transparent to the public,

The Pacific Rim: An Opportunicy for U.§. Biotechmology

Though the Biotechnology Program in collaboration with the
U.S. Embassies ovarseas have besn successful in obtaining valuablse
information about the biotechnology activities of our competitors,
this information has not been translated into new opportunities
for U.5. industry. Several major problems have been {dentified:
1. The lack of stable funding for the assessment projects and
administrative delays in carrying out specific studies;
2. the lack of effective mechanisms to make the information
available to U.S. companies, and
3. the absence of any follow-up activicies by U.S. companies
overseas,

It is in order to make the most effective use of the
information that the International Trade Administration and the
Trade Development Program have organized a confarence on
Biotechnology in the Pacific Rim which will bring together key
leaders in government, research, and industry from the U.S.,
Singapore, South Korea and Taiwan. At the same time, we have
begun to establish closs ties to stats esconomic development
agencles in order to identify appropriate mechanisms to increase
the activities of U.S. companies in that potentially rich market.
In the long term, it 1s hoped that this partnership between ITA,
TDP and the states will lead to:

1. Continuous technical and industrial assessment of bilotechnology
in both Western Burope and the Far East;

2, market analyses for new biotechnology products;

3. identification of appropriate foreign partners for joint
venturas, and

4. the development of cooperative R&D between the U.5. and foreign
inscictucions.
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BIOTECHNOLOGY IN SINGAFORE, SOUTH KOREA AND TAIWAN

This is the first camprehensive study of biotechnology in the newly
ixﬂJstrializmg cauntries of Singapore, South Korea and Taiwan. Until
recently these coumtries have been mainly known for their highly efficient
mamufacturing industries, but have now begun to make their first tentative
moves into high technology.  Biotechnology is considered by all of them to be

an industrial technology of the highest priority.

The author of this 108-page report, Dr. Robert Yuan, was also
responsible forarecentstudyonbmted:mlogyintﬂesternﬂmope Drawing on
his Eurcpean experience, he has focused on four major topics:

1. goverrment policy for the pruomotion of bictechnology:

2. the principal research organizations and their activities;
3. the pr:.m:xpal campanies with biotechnology activities; and
4. the mechanisms of technology transfer.

In addition, he has also locked into issues that have been major sources
of fncumbeuveentheUmtadStataarditsAsmtradampartne:s These
issues include protection of intellectual property, protection of domestic
industries, requlation of foreign investment, and repatriation of profits.
Much of the data is sumarized in easy to read tables and figures. The
information was abtained primarily during travel to these countries, and many
of the documents were translated directly from Chinese or Korean.

Thouch all of these three countries share a cammon heritage, they differ
sharply in their philosophies of economic development and their cultural
envirarment. 'Iheauthorhasaﬁeavoredtoprwideasenseoftheerwirarmt
for bictechnology in each of these countries and of the opportunities for
collaboration in R&D and in the development of new markets and industrial
joint ventures.

Bioctechnology in Singapore, South Korea and Taiwan is available from the
National Technical Information Service in Springfield, VA. To order a copy,
contact the Sales Office at (703) 487-4650. The price per copy is $19.95 and
the stock mmber is PB 88172440.
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NGA Activities in Science and Technology

April, 1988

P ts C ted

1. Report on State-Supported Small Business Innovation Research Programs and
Related State Technology Programs

2. Survey on the Structure and Function of State Science and Technology

Offices
3. Publication of Shifting Regponsibilities: Federalism in FEconomig
Development

Ongoing Issueg and Potential Prolects

4, State Government Strategies for Self-Assesament of Science and Technology
Programs for Economic Development

5. Clearinghouse on State and Federal Science and Technology Initiatives
6. Science and Mathematics Education proposal

7. Conference on Operating a Competitive Research Grant Program

8. Update of Revitalizing State Rconomies

9., Examination of State Programs to Encourage Commercialization

10. State/Local Relationships in Technology Development
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TECHNOLOGICAL INNOVATION

The United States has long led the world in technological innovation, a major source
of our economic strength. Now, however, our nation faces a serious challenge to
continued leadership in this area. At home, our technologies have matured and the pace
of new technological development has slowed; at the same time, much of our
infrastructure and industrial plant equipment is aging. Abroad there is increased
competition from emerging as well as established industrialized countries. The industrial
nations face unprecedented energy and resource constraints combined with growing
geopolitical pressures.

To help address these problems, state and nationai policy initiatives are needed to
promote technological innovation and industrial competitiveness. Perhaps the most
important goal of these policies should be to maximize our human potential for
technological innovation. To achieve this, our educational system must give new emphasis
to training technical personnel and ensure that graduates have received appropriate
training for available jobs, while having the flexibility to adapt to new technologies. We
must demand increased exposure and substantially higher levels of achievement in math,
science, engineering, and computer learning in our schoois and universities for ail
students. In focusing attention on these discipiines, we must not neglect the humanistic
education necessary to protect our national values.

A well-trained and educated workforce can make a vital contribution to
technological innovation and economic growth. We must develop policieS t0 encourage
workers' contributions to technological innovation. while minimizing potential hazards to
health and threats to personal economic security. Training and retraining programs must
be available for unemployed and displaced workers.

The participation of universities in developing the fundamental research that is the
knowledge base for technological innovation is as important as their role in education and
training. Public and private research is an important prerequisite for future growth and
improvement in the quality of life. Universities should be assisted and encouraged to
more closely link their research and development efforts with ;echnologxcal.mnovauon
that contributes to economic progress. The traditional intellectual purity of the
university, however, must not be compromised.

Policies affecting financial capital like those affecting human capital must be
targeted toward encouraging technological innovation. Capital is nEEdP-d_tO fmance
research and development and to introduce new and advanced teChnologies in new
establishments and mature enterprises. We must promote policies that will encourage
markets to direct funds to investments that advance technological innovagon. The ability
of business executives and entrepreneurs to undertake long-term planning, take risks, and
innovate is crucial to economic success. Therefore, we must create an environment in
which business decisions and investment aimed at long-term produc tivity gains and real
growth through technological innovation are the norm.
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States have taken vanguard initianves in the task of recharging our economy.
However, this task can most effectively be accomplished by state government in
partnership with federal and local government, business, labor, and academia. Wherever
desirable and feasible, these groups should cooperate in developing and impiementing the
programs necessary to promote technological innovation.

As a national competitiveness policy is developed, the federal government should
acknowledge the role of states in serving as effective intermediaries between universities,
government, and industry. By investing significant resources in technology research and
education, states have been successful in creating new jobs and promoting economic
development to improve their competitiveness in the world economy. Too often states
and the federal government pursue independent technology development initiatives
lacking the coordination, cooperation, and cohesiveness necessary for the U.S. to compete
effectively. There is a demand for cooperative mechanisms to bring the resources of
state and federal governments, research universities, and industry together. Federal and
state governments should develop an effective partnership between federal
competitiveness programs and state applied research initiatives.

Federally funded research and development must be regarded as a long-term
investment in the nation's economic well-being through the direct and indirect fostering
of technological innovation for economic development. This investment is also important
when considering the potential of advances in science and engineering for achieving
greater efficiency and effectiveness in state and local government. Increasingly, it has
been demonstrated that a wide range of problems can be solved and that program costs
can be reduced without reduction in the quality of public services. To achieve a greater
return for state governments and their citizens, a stronger link between state and local
needs and the federal science and technology establishment must be forged and
maintained.

Federal Actions Suggested

° The federal government should give increased priority to support for civilian
sector basic and applied research in the overall federal research and
development budget in ways designed to strengthen and stimulate the U.S.
economy. States should play an important role in setting federal civilian
research priorities. A productive mechanism for federal support of civilian
research and development lies in joining with states to support
university/industry research partnerships and consortia.

° Congress should continue to improve the federal tax climate for innovation
through judicious use of incentives designed to promote corporate research and
development, capital investment in production facilities, business expansion,
and formation of new ventures.



Congress should ensure the continuity of existing grant programs such as
Urban Development Action Grant and Community Development Block Grant
programs and amend them to allow greater flexibility for their use by states in
developing state and local technological infrastructure, providing support for
new and advanced technology-based businesses, and encouraging the formation
of new and advanced technology ventures.

Congress should repeal the 1993 "sunset" provision of the Small Business
Innovation Research (SBIR) program making the program permanent. The
SBIR program has proven to be a strong and effective means of fostering the
role of small business in federal research and development, spurring economic
development within the states. Federal agencies should facilitate states’
assistance to SBIR applicants. To achieve the goals of the SBIR program, this
would include funded and unfunded SBIR applicants.

The federal government should work diligently to further enhance the role of
the federal research and development agencies and laboratories in economic
development. Where feasibie, avenues for the utilization of federal research
and development -agency and laboratory technology for technological
innovation by the private sector and by state and local government should be
provided through regional programs. Participation of federal research and
development agencies and laboratories with universities and industry in
cooperative civilian research should be encouraged.

The federal government should give priority to the support of university
programs designed to train the scientific and engineering personnel essential
to continued economic growth. Federal programs should augment and
complement state and local government programs. The federal government
should make substantially greater investments in our nation's research
infrastructure. Federal policies must recognize that the costs of university
research facilities and equipment are a necessary part of federally sponsored.
university-based research costs. The portion of federal research grants and
contracts that reimburse universities for use or depreciation of facilities and
equipment should be based on realistic useful lifetimes. To allow universities
to restore their infrastructure in a timely fashion, a facilities fund should be
established within the National Science Foundation. There should be a greater
concentration of investment incentives for industrial participation in the
sponsorship of university science and engineering programs.

The Job Training Partnership Act should be examined with state, labor, and
private sector input to assess its long-term utility for providing the training
required in the fields of employment that will be important to the nation as
the impact of technological innovation is felt.



The federal government should support state economic development efforts to
encourage business export activity in commodities, products, and services
based on new and advanced technologies. Federal action is required in concert
with state initiatives to: provide assistance for state trade promotion
programs, streamline export licensing application processes, provide
centralized export technical and marketing assistance, and meet the
alternative financing needs of small and medium-sized business.

Congress should modify existing antitrust statutes to encourage increased joint
corporate research and development ventures.

The formulation of a national competitiveness policy should recognize the
leadership of states in technology development and take all steps to coordinate
with state programs and encourage interstate and regional cooperation.

A federal/state matching grant program should be established to support
existing state technology programs and encourage the development of new
programs in states where they do not exist.

Potential cooperation and coordination with state programs should be
considered prior to funding research centers initiated by the National Science
Foundation (NSF), the Department of Defense (DoD), the National Institutes of
Health {NIH}, and other federal agencies.

A clearinghouse on state technology development programs should be
established with federal support to collect and share information among and
between states and with federal agencies, to provide training and technical
assistance to better coordinate state and federal efforts, and to assist those
states interested in developing such programs.

State Actions Suqgested

States should continue their leadership in promoting economic growth by the
development of state programs designed to encourage technological innovation
in new and existing businesses. States are in a more appropriate position than
the federal government to provide the direct leadership and partnership
involvement that are necessary for effective programs tailored rto their
individual needs.

States should, with federal assistance, continue to piay the dominant role in
improving elementary and secondary education, and in providing essential
training and retraining; catalyze university/industry research and technical
partnerships; encourage the establishment of new and advanced technology
ventures; provide comprehensive technical and managerial assistance to new
and advanced technology entrepreneurs; assist new and advanced
technology-based businesses as well as traditional businesses in reaching
international markets; and aggressively promote the application of advanced
technologies in assisting industrial, agricuitural, and commercial enterprises to
achieve economies and to increase productivity in order to make such
enterprises more competitive in domestic and world markets.



LIST OF PARTICIPANTS



x*t %y
t National Governors’ Assoclation

¥ x¥

Participants List

Fifth Meeting of the NGA
Working Group on State Initiatives in Applied Research

Washington, D.C.

April 28 - 29, 1988

Mr., David Beightol Mr. Paul R. Brockman

Director

State of Wisconsin
Washington Office

444 N. Capitol Street, N.W,
Suite 345

Washington, D.C. 20001

(202) 624-5870

Ms. Zanne Bigley
Kinghorn and Associates
1155 15th Street, N.W.
Suite 400

Washington, D.C. 20005

(202) 659-1703

Ms. Michele Boisse

Staff Associate

State & Local Government
Affairs

Anmerican Chemical Society

1155 16th Street, N.W.

Suite 330

Washington, D.C. 20036

(202) 872-4391

Vice President

Industrial & Technology
Development

LFW Management Assoclates

700 North Fairfax #410

Alexandria, VA 22314

(703) 684-6331

* Dr. Charles Brownstein
Acting Assistant Director
Directorate for Computer and
Information

Science and Engineering
National Science Foundation
1800 G Street, N.W., Room 305
Washington, D.C. 20550

(202) 357-7936

Mr. William G. Brundage

President

Kansas Technology Enterprise
Corporation

400 Southwest 8th Street

5th Floor

Topeka, KS 66603

(913) 296-5272

HALL OF THE STATES - 444 North Capitoi Street - Washington, D.C. 200011572 - (202) 624-5300



* Mr., Raymond Bye

Director

Office of Legislative and
Public Affairs

National Science Foundation
1800 G Street, N.W.

Room 527

Washington, D.C. 20550

(202) 357-9838

Mr. John P. Campbell

Senior Program Officer

GUIRR

National Academy of Sciences
2101 Constitution Avenue, N.W.
Washington, D.C. 20418

(202) 334-3486

Dr. Lowell Christy
Consultant

Institute for Illinois
525 School Street, S.W.
Suite 304

Washington, D.C. 20024

(202) 488-3640

Ms. Marianne Clarke
Senior Policy Analyst

National Governorst! Association

444 N. Capitol Street
Washington, D.C. 20001

(202) 624-5380

* Mr. Christopher Coburn

Science and Technology
Advisor

Office of the Governor

State of Ohio

65 E. State Street

Suite 200

Columbus, OH 43266~0330

(614) 466-3086

Dr. John M. Crothers

Director

High Technology Development
Division

Department of Economic and
Community Development

320 6th Avenue North

Rachel Jackson Building

6th Floor :

Nashville, TN 37219-5308

(615) 741-5070

Dr. Richard Florida

Assistant Professor

Center for Urban and Public
Affairs

Carnegie Mellon University

Pittsburgh, PA 15213

(412) 268-8784

Mr. John J. Forrer

Senior Associate

Coalition of Northeastern
Governors

444 N, Capitol Street, N.W.

Suite 382

Washington, D.C. 20001

(202) 783-6674

Dr. Stephen Gage

Vice President

Indiana Corporation for
Science and Technology

One North Capitol

Suite 925

Indianapolis, IN 46204-2242

(317) 635-3058



Mr. Richard B. Geltman

Staff Director

Committee on Economic
bevelopment and Techological
Innovation

National Governors' Association

444 N. Capitol Street

Suite 250

Washington, D.C. 20001

(202) 624-5311

Mr. Doug Getter

Bureau Chief

Business/Targeted Small -
Business Development

Iowa Department of Economic
Development

200 E. Grand Avenue

Daes Moines, IA 50309

(515) 281-3036

* Mr. Ray L. Gilbert

Manager, Applications
Engineering

NASA Headquarters

Technology Utilization
Division

600 Independence Avenue, S.W.

Washington, D.C. 20546

(202) 453-8722

Mr. Robert E. Gleeson
Executive Director

Center for Economic Development
Carnegie Mellon University
Pittsburgh, PA 15213

(412) 268-6072

Ms. Donna J. Grinstead
Federal Coordinator

Ohio's Thomas Edison Program
65 E. State Street

Suite 200

Columbus, OH 43266-0330

(614) 466-0282

* Ms., Margaret Grucza

Study Director

Government Studiaes Group

Division of Science Resources
Studies

National Science Foundation

Room L~602

Washington, D.C. 20550

(202) 634~4636

Ms. Joyce Hamaty
State Project Coordinator
Office of Legislative and
Public

Affairs
National Science Foundation
1800 G Street, N.W.
Room 527
wWashington, D.C. 20550

(202) 357-9838

Mr. Dewitt John

Senior Economist

National Governors'Association
444 N, cCapitol Street, N.W,
Suite 250

Washington, D.C. 20001

(202) 624-5392

* Dr. Donald Johnson

Director

Industrial Technology Services
Naticnal Bureau of Standards
Administration Building, Room
A-1123

Gaithersburg, MD 20899

(202) 975-2122



Mr. John Johnson

Executive Director

Missouri Corporation for
Science and Techneology

High Technology Progranm

P.0. Box 118

Jefferson City, MO 65102

(314) 751-3906

* Mr. H. Graham Jones

Executive Director

New York State Science and
Technology Foundation

99 Washington Avenue ‘

Suite 1730

Albany, NY 12210

(518) 474-4348

Ms. Bev Jones

Executive Director

Office of Science and
Technology

900 American Center Building

150 E. Kellogg Boulevard

St. Paul, MN 55101

(612) 297-4368

Ms. Megan Jones

Executive Director

Massachusetts Centers of
Excellence Corporation

One Ashburton Place

Suite 2110

Boston, MA 02108

(617) 727-7430

Mr. Edward T. Kelly
Washington Director

Small Business High Technology

Institute
1233 20th Street, N.W.
Washington, D.C. 20006

(202) 775-8805

* Or. James Kenworthy

Manager, Research and
Technology Programs

Michigan Strategic Fund

Michigan Department of
Commerce

Law Building, Third Floor

525 West Ottawa

Lansing, MI 48933

(517) 373=-7550

Dr. Casey Kiernan

Program Officer

GUIRR

National Academy of Sciences
2101 Constitution Avenue, N.W.
Washington, D.C. 20418

(202) 334-3486

Mr. Jacques Koppel
Executive Director

Ben Franklin Partnership
464 Forum Building
Harrisburg, PA 17120

(717) 787-4147

Mr. Bruce lLang

Executive Director

Rhode Island Partnership for
Science and Technology

7 Jackson Walkway

Providence, RI 02903

(401) 277-2601

*# Dr. Alan I. Leshner
Director

Office of Science and
Technology Centers
Development

National Science Foundation
1818 G Street, N.W.
Washington, D.C. 20550

(202) 357-9808



Dr. Don Mathsan

Associate Dean

School of Engineering and Mines
University of North Dakota

213 Harrington Hall

University Station

P.O. Box Bl03

Grand Forks, ND 58202

(701) 777-3132

Dr. Munsell McPhillips

Chief

Science, Technology and
Energy Division ,

Alabama Department of Economic
and Community Affairs

3465 Norman Bridge Road

Montgomery, AL 36105

(205) 284-8952

Mr. Egils Milbergs
President

Institute for Illinois
525 Schoel Street, S.W.
Suite 304

Washington, D.C. 20024

{202) 488-0714

Mr. Terry Montgomery

Acting President

Greater Minnesota Corporation
900 Second Avenue S

Suite 440

Minneapolis, MN 55402

(612) 347-9292

Dr. Randy Moon

Science Advisor

State of Utah

Office of Planning and Budget
116 State Capitol

Salt Lake City, UT 84114

(801) 538-1038

Ms. Lari Murry

Director Research Programs
Oklahoma Center for the
Advancement of Science and
Technology

6601 Broadway

Oklahoma City, OK 73116

(405) 841-5143

Mr. William Ocasie

Executive Director

Governor's Economic Advisory
Council

Commonwealth of Puerto Rico

P.0. Box 42001

San Juan, PR 00940-2001

(809) 722-8660

Dr. S. John Owen

Chairman

Department of Electrical and
Computer Engineering

Oregon State University

Corvallis, OR 97331

(503) 754-3617

* Mr. Norm Peterson

Special Assistant to the
Strategic Planning Group

Argonne National Laboratory

9700 South Cass Avenue

Argonne, IL 60439

{(312) 972-7229

Mr. Paul B. Phelps
Senior Associate

TvT Associates

503 Capitol Court, N.E.
Suite 300

Washington, D.C. 20002

(202) 546-4043



Mr. Donald Phillips
Executive Director

GUIRR

National Academy of Sciences

2101 Constitution Avenue, N.W.

Washington, D.C. 20418

(202) 334-3486

Dr. Herbert Rabin

Director

Engineering Research Center
College of Engineering
University of Maryland
College Park, MD 20742

(301) 454-7941

Mg. Lorree A. Ratto
Public Information Officer
State of Nevada
Washington Office

444 N. Capitol Street
Suite 232

Washington, D.C. 20001

(202) 624-5405

Mr. Scott Rowan

Industrial Representative
Maryland Business Assistance
Center

State of Maryland

45 Calvert Street

Annapolis, MD 21401-1907

(301) 974-2945

Mr. Wayne E. Sauseda

State of California
Washington Office

444 N. Capitol Street, N.W.
Suite 305

Washington, D.C. 20001

(202) 347-6891

Mr. Roger Schinness
Executive Director
Board of Regents
Kneip Building
Pierre, SD 57501

(605) 773-3455

Mr. Bernard J. Schroer
Director

Johnson Research Centar
University of Alabama
Huntsville, AL 35899

(205) 895-6361

* Dr, Bassam Shakhashiri

Assistant Director for
Science and Engineering

Education

National Science Foundation

1800 G Street, N.W.

Room 516

Washington, D.C. 20550

(202) 357-7557
Mr. John Smolak

Assistant Director
Industrial Development

Governor's Office of Community

and Industrial Development
Building 6, Room B-517
State Capitol Complex
Charleston, WV 25305

(304) 348-2234

Mr. John J. Straus

Executive Director

Governor's Commission on
Science and Technology

100 West Randolph Street

Suite 3-400

chicago, IL 60601

(312) 917-3982



Mr. Rick Tremblay

Administrator

Division of Science and
Technology

Department of Commerce

Hall of Mirrors, 2nd Floor

700 West State

Boise, ID 83720

(208) 334-2470

Dr. Thomas E. Wade
Associate Dean for Research
College of Engineering
University of South Florida
4202 Fowler Avenua

Tampa, FL 33624

(813) 974-3786

* Dr. Kenneth Wilson
Director

Cornell Theory Center
265 0lin Hall

Cornell University
Ithaca, NY 14853

(607) 255-9398

* Dr. Robert Yuan

Senior Advisor in Biotechnology
U.S5. Department of Commerce
The University of Maryland
Department of Microbiology
College Park, MD 20742

(301) 454-6698

* Denotes Speaker



