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STATES INDUSTRIAL TECHNOLOGY PROGRA=

WEDNESDAY, SEPTEMBER 30,1992

CONGRESS OF THE UNITED STATES,
JOINT ECONOMIC COMMITTEE,

Washington, DC

The Committee met, pursuant to notice, at 9:30 a.m., in room 2359, Ray-
burn House Office Building, Honorable Lee H. Hamilton (Vice Chairman of
the Committee) presiding.

Present: Representative Hamilton.
Also present: Dorothy Robyn and Mark Forman, professional staff mem-

bers.

OPENING STATEMENT OF REPRESENTATIVE HAMILTON,
VICE CHAIRMAN

REPRESENTATIVE HAMILTON. The Joint Economic Committee will come to
order.

The purpose of today's hearing is to discuss the report of the Carnegie
Commission on Science, Technology and Government entitled Science, Tech-
nology and the States in America's Third Century.

State support of economic development through subsidies and regulation
goes back to the colonial days, and the Morrill Act of 1862 established our
system of land-grant institutions and thereby carved out an important role for
states in science and technology. More recently, states have defined a new
economic role for themselves through support for technology initiatives that
rank from venture capital funding to manufacturing extension. These state
initiatives to foster technological innovation are important in their own right;
in addition, they are seen by many as offering lessons for the formulation of
national policies.

We are fortunate to have with us today three experts on states' manage-
ment of technology to promote economic development and other policy ob-
jectives affecting health, energy and the environment. The Honorable
Richard Celeste was Governor of Ohio from 1983 to 1991. As governor, he
chaired the National Governors' Association Committee on Science and
Technology. Governor Celeste also created Ohio's nine Thomas Edison Cen-
ters, a public-private partnership to enhance the State's existing strengths in
materials, manufacturing and biotechnology.

Walter Plosila is the President of the Suburban Maryland and Montgomery
County Technology Councils. He was previously Deputy Secretary for Tech-
nology and Policy Development in Pennsylvania. In that capacity, he created
Pennsylvania's Ben Franklin Partnership, which has been called a model state
program for stimulating technology commercialization.

Edward Hudgins is Deputy Director for Economic Policy Studies at the
Heritage Foundation. He is heading up a new project there on State Strate-
gies for Fiscal Responsibility and Economic Growth.

We are delighted to have each of with you us this morning.
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Governor, we will begin with you and move it across the table.
Before opening it up for questions, I wanted to say that Senator Sarbanes,

who is Chairman of the Joint Economic Committee, does have an opening
statement that he wants submitted into the record, and that is done without
objection. And he would also like to express a very special word of welcome
to Walter Plosila of Maryland, one of the witnesses, of course. Senator Sar-
banes points out he has made very meaningful contributions to state technol-
ogy programs in Maryland.

[The written opening statement of Senator Sarbanes starts on p. 29 of Sub-
missions for the Record:]

REPRESENTATIVE HAMILTON. Governor, please proceed.
STATEMENT OF THE HONORABLE RICHARD F. CELESTE, FORMER GOVERNOR OF

OHIO; AND CHAIRMAN, CARNEGIE COMMISSION TASK FORCE ON SCIENCE,
TECHNOLOGY AND THE STATES

MR. CELESTE. Thank you, Mr. Chairman. I want to express my apprecia-
tion to you and your colleagues for this opportunity to testify before the Joint
Economic Committee and to share with you some of the highlights of the re-
port entitled Science, Technology and the States in America's Third Century.

I would also like to thank the Carnegie Commission on Science, Technol-
ogy and Government, its co-chairs, Bill Golden and Josh Lederberg, the
President of the Carnegie Corporation, David Hamburg, and especially the
members of the task force whose efforts gave shape to this report before us
today.

Walt Plosila served on that task force, and also with us, Mr. Chairman, is
Graham Jones, the Executive Director of the New York State Science and
Technology Foundation, and chairs the Science and Technology Council of
the States.

Also David Robinson, who directs the work of the Carnegie Commission in
this field, was a tremendous help; and I express my appreciation to him.

Mr. Chairman, I would like to submit my prepared statement for the re-
cord and summarize its key points for you, if I may.

REPRESENTATIVE HAMILTON. Without objection, that will be done. Proceed.
MR. CELESTE. Also, I would like to make copies of the report available to

all members and staff who would like to have one.
Since World War II, during the era we think of as the Cold War, the Fed-

eral Government really set and dominated the national research agenda. Na-
tional defense and, more recently, the space race had first call on a large share
of our resources. But as the Cold War has ended, new issues and concerns
vie for national attention and resources-economic competitiveness particu-
larly, but education, environmental protection, public health and others.

Unlike national defense and space, these are issues of shared concern and
urgency with our states. In fact, the nature of these issues often necessitates a
more flexible and less centralized response.

The genius of our federal system is the balance the founders struck be-
tween federal and state authority and initiative. Our report urges that we re-
store that balance in America's Third Century.

Rebalancing our federal system, if you will, requires that we identify roles
for each level of government which play to its strength and contribute to a
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most efficient and effective overall national effort. And we believe that state
governments bring a capacity for organizational entrepreneurship and diversi
of experience and approach and a refreshing ability to move quickly, which
are essential characteristics in responding to the chal enges of the new national
agenda.

These qualities need to be mobilized not in isolation, but in partnership
with the Federal Government, with the private sector and with academia.

Our task force found in the best of the states' industrial technology pro-
grams models of the kind of cooperation with industry and research universi-
ties that is required to meet the full range of our national challenges. For
example, state industrial technology programs have created systems which
engage businesses, especially small firms on their own ground, with the private
sector setting the investment priorities.

These programs, with narrowly defined roles for state government, bring
innovation in terms of new technologies and new management skills, as well,
to businesses in a manner which encourages its immediate application.

University researchers are usually engaged as full partners in these pro-
grams. In sum, these state-crafted systems seek not to create more bureauc-
racy, but to engage all available assets within the states in a cooperative,
flexible and focused contribution to the states' economic well-being and
thereby to the Nation's global competitiveness.

Mr. Chairman, we believe these models of innovation, responsiveness and
diversity suggest ways in which to respond to many of our Nation's other
pressing challenges. The sort of cooperation that I have described, combining
the efforts of individual states and reaching out to include the Federal Gov-
ernment, would provide significant new capabilities in addressing the needs of
our citizens for health care, educational improverment, environmental protec-
tion, as well as economic development. In fact, this cooperation, what we
have described as inventing new partnerships, will be vital if the Nation is to
take full advantage of our wealth of science and technology.

The task force urges Congress to adopt the following changes in federal
policy in order to fashion new partnerships between the states, the Federal
Government, and especially the private sector:

States should be represented at the decision-shaping levels of policy devel-
opment within federal agencies. The national strategy for using federal tech-
nology to the private sector should build on the foundation that many states
have already laid.

And finally, states should be full partners with the Federal Government in
defining the new missions and redesigning the operations of federal science
and technology institutions, especially the federal laboratories.

We also urge the states to take a number of steps to improve both their ca-
pacity as participants in national initiatives and their ability to meet their re-
sponsibilities within their own jurisdictions.

We recommend that each governor should desiate a science and technol-
ogy advisor. Each state should have an independent science and technology
advisory body. Each state, through its advisory body, should develop and pe-
riodically update a vision of how science and technology will help the state
meet its strategic goals. And each state legislature should have access to a
standing source of objective science and technology analysis.
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Moreover, we believe that the states should form an interstate compact
which would enable them to coordinate their science and technology activities
and to speak with a single voice on behalf of states to federal agencies and in
national councils. All too often, it is difficult for the heads of federal agencies,
even the President's science advisor, to reach out and enlist thoughtful per-
spectives from state government, because there is not a high-level forum in
which the states are able to express themselves.

Finally, we urge that the states, working through this new national arrange-
ment and in close cooperation with the Congress and the President, plan and
convene a kind of a national summit on science and technology goals, and
seek to identify a shared agenda for the new partnerships which must charac-
terize America's third century if our Nation is to flourish.

Mr. Chairman, thank you again for inviting me. I certainly welcome your
questions as we go through.

[The prepared statement of Mr. Celeste, along with Study, starts on p. 30
of Submissions for the Record:]

REPRESENTATIVE HAMILTON. Thank you for getting us off to -a good start.
This is going to be a difficult day. We have a vote, and I am going to have to
excuse myself for a few minutes. I will get back as quickly as I can, and when
I do, we will take up with your statement, Mr. Plosila. It will take me about
10 minutes.

We stand in recess.
[Recess:]
REPRESENTATIVE HAMILTON. The Committee will resume its sitting. Mr.

Plosila, please proceed.

STATEMENT OF WALTER K. PLOSILA, PRESIDENT, SUBURUAN
RYLAND/IMONTGOMiRT COUNTY TECHNOLOGY COUNCILS

MR. PLosiLA. Thank you, Mr. Chairman. I would like to summarize my
testimony and augment what Governor Celeste already covered.

In the 1980s, we saw state governments undertake a number of innovative
efforts. Much of this, of course, was in the economic development arena, but
indeed states have in the last 20 years become much more important players
in both the development and delivery of a whole range of services. Justice
Brandeis talked about states undertaking novel social and economic experi-
ments. And, in fact, today we have something like 400 small business incuba-
tors around the country.

We have a majority of states with industrial technology extension services.
We have probably a majority of states with some kind of matching grant pro-
grams. And, in addition, we have governors and state legislatures much more
interested in the whole area of sciehce and technology than has been the case,
at least since the 1960s.

One important component of the 1980s legacy is that states have recog-
nized that science and technology itself is a very important part of not only
their economic vitality, but also in terms of the necessity of science and tech-
nology advice for their decisionmaking, whether it is elected officials or senior
appointed officials. And the state experience of the past decade or more sug-
gests, indeed, that states are becoming full partners in a range of areas that
necessitate more state-federal collaboration and cooperation.
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In addition, the national economy itself faces a couple of issues that I think
make it an opportune time for the state-federal partnership to be more fully
developed. One is the whole issue of defense conversion. And the second is
the issue of the future of our national laboratories. I use these simply as illus-
trations of why state-federal cooperation in science and technology is impor-
tant.

In the case of defense conversion, I cite a couple of examples in my testi-
mony of situations we faced in Pennsylvania where we had major Fortune 500
companies basically close down completed R&D infrastructure projects. If
the state had not intervened with our universities and the private sector, those
infrastructure improvements would no longer be in place. Reuse of the Har-
marville facility, formerly with Gulf Oil at the University of Pittsburgh, pro-
vides for now as a contract research center, an EPA hazardous waste research
center, incubator, and several other activities.

In the case of Bethlehem Steel, it made plans to dispose of its Home Re-
search Lab and park adjacent to the Lehigh University campus in Bethlehem,
Pennsylvania. Rather than the land being broken up into small parcels, the
Commonwealth partnered with Lehigh University to provide a matching $10
million grant for Lehigh to acquire several buildings and acreage-an entire
established research park. This facility is now home to one of NSF's Engi-
neering Research Centers; an incubator; and firms participating in the match-
ing grant program of the Ben Franklin Partnership.

But in both those cases, the Federal Government was really not a player in
those decisions for reuse or reconversion as it now faces defense conversion,
and a new role for national labs. We need both a macro and a micro perspec-
tive, and the State input at the national level can help accomplish that.

The Carnegie Commission report suggests a number of recommendations
both to the national and state level. In terms of the state-federal partnership
itself, though, I would highlight three points of that state-federal partnership
in terms of implementation actions. One is, in fact, the idea of an interstate
compact. This is something that is somewhat different than the usual discus-
sions about science and technology. But the fact is, if the national govern-
ment is to look at the state governments and utilize and develop a
complementary agenda with them, we would suggest the Education Commis-
sion of the states as an appropriate model for science and technology applica-
tion as well, and we ought to look at that as a future effort, of course, as an
interstate compact that requires joint actions of the states with the blessing of
the Congress.

The second suggestion in there be a summit on how science and technology
efforts contribute to national goals, much like the educational summit. As we
face these issues on defense conversion and national labs and so forth, it is
clear that we do not have a general idea how we are going to accomplish that.
Such a summit could help address that.

A third area I would cite is to get a state-federal partnership in science and
technology. The Government-Industry-University Roundtable that Governor
Celeste is intimately involved with has issued a separate report which I com-
mend to your attention. This report talks about how we can look at the crite-
ria for a state and federal partnership. That supplements this report before
you.
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In any event, we on the Commission Task Force felt that there is much to
be learned by the states and Federal Government working much closer to-
gether. A compact is one way to accomplish that.

The last point I mention quickly is that there are a number of recommen-
dations for the states themselves, the legislatures and governors, to address.
As a former research director of a state legislature and as a former planning
director in one state and associate state planning director in a second state, I
can vouch for the need for the expertise and technology advice that this re-
port suggests.

I would, however, note that just as Congress has designed its science and
technology advisory system to reflect its needs with OTA and OSTP. Simi-
larly, I would say, the task force also suggests that the approach at the state
level be a flexible and adaptable one to each state's needs and circumstances;
that there is not a national model or approach that every state should adopt,
but really it should reflect the needs of each state. Having worked in several
states in senior positions, I think that suggestion is a wise one, if in fact the
advice is going to be listened to and used in decisionmaking.

With that, I simply commend the report to your attention and would be
happy to answer any questions.

[The prepared statement of Mr. Plosila, together with attachment, starts on
p. 106 of Submissions for the Record:]

REPRESENTATIVE HAMILTON. Thank you Mr. Plosila. Mr. Hudgins, please
proceed.

STATEMENT OF EDWARD HUDGINS, DEPUTY DIRECTOR FOR
ECONOMIC POLICY STUDIES, HERITAGE FOUNDATION

MR. HuDGiNs. Thank you very much. I want to thank the Committee for
the opportunity to testify today. I want to thank the Carnegie Commission
for calling attention to what I consider to be an important issue-actually two
issues. Number one is science and technology policy, and number two is the
role of the states in developing and implementing such policy.

One set of recommendations in this report that I found to be quite valid,
and I want to endorse, is the idea of a science advisor or a board of advisors
for the state governments.

Now, many states already have something in place, though I think that the
report's recommendation of updating or creating a new institution at the state
level is very important. Aside from the reasons already given, I want to call
attention to a problem that has been growing, in the last decade certainly, that
this would help to overcome, and that is the politicization of science.

What we find, unfortunately, and especially at the federal level, is agencies
basically either manipulating facts, holding back reports and so forth for politi-
cal gains or political aims. For example, the national acid precipitation assess-
ment program-NAPAP-was a 10-year, multi-agency program-which
induded EPA, I believe, the Energy Department, and many others-to look
at the effects of acid rain on lakes and streams. The result of that study was to
find that acid rain has very little effect on lakes and streams, though it has
other adverse effects.

The Administration knew the content of this report, and yet they pushed
ahead with certain provisions of the Clean Air Act, knowing that this might
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potentially contradict the findings of the report, which was released after the
Clean Air Act provisions went into effect.

Another example is found in the transportation area. Donald Stedman, a
professor of chemistry at the University of Denver, found in his research that
something like 10 percent of the cars cause over 50 percent of the pollution,
and not being satisfied with simply that bit of knowledge, he invented a de-
vice called the Stedman device which works like a radar gun. It takes a pic-
ture of what is coming out of the tail pipe and the license plate of the car.
Needless to say, this opens up a lot of possibilities for local enforcement of
clean air regulations.

Tlhe Environmental Protection Agency in Washington has known about this
and yet has failed to push this, I think, in part, for political reasons.

My point is this. Having 50 states with science advisors or advisory boards
allows just the kind of competition and knowledge and information that I
think is going to be good for addressing policies of the environment, transpor-
tation, and many other policies; that is, if EPA in Washington or if some other
agency in Washington is not giving the proper attention to certain facts, per-
haps some of the states that would stand to benefit would give proper atten-
tion.

So I think the idea of the 50 competitors, as it were, in knowledge is a very
good idea, and I think it would help to deal with this problem.

I do have several caveats about the report, things that I think the Commit-
tee should take into account when formulating policy. When we look at sci-
ence and technology policy, we have to ask what exactly are the goals and
where exactly does the market fail, if at all, to help forward these goals? And
the report points to competitiveness and the need for states to do more in this
area. It points to the need for better advice in the area of so-called "public
good," such as the environment and transportation.

The national economic policy really attempts to be most important in deter-
mining what businesses, what the private sector can do, whether they have the
funds and the flexibility to do research, basic research, to cooperate in such
research, or whether they don't. And that really, I think, is the most impor-
tant focus.

Where focus is on technology, again, often policy is more important. I give
the example of the transportation area. I have done some work in that area,
and have gone to a number of very interesting conferences and so forth.
There is a group called Transportation 2000 in Denver, Colorado, which puts
on conferences, bringing together people who develop new transportation
technologies to discuss transportation problems.

The interesting thing about the conferences is, much of the discussion is
not on the technologies, but on which ones are really the most economically
efficient. So it is not just a matter of developing the technologies, but saying
which ones really work, which ones don't.

I like to make the analogy with foreign assistance, and I am quite familiar
with your report from several years ago, I do a lot of work in this area. One of
the things that is now recognized in the foreign assistance area is the need for
appropriate technologies, a big project, a big multi-million dollar tractor might
not be as good as a hand plow in some areas. Particularly in transportation,
HOV lanes may be far better and far less costly than a modem subway or
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monorail or something incorporating technology. So I think we ought to have
that kind of balance.

I also note that the private sector is moving more into cooperation in basic
research and certainly in competitiveness, and proliferation in joint ventures
and strategic alliances in the last few years is an example. Apple and Sony in
1991 formed a joint venture to produce laptop computers. IBM and Seimen's
in 1991 have put together a joint venture to produce a 16 megabyte chip.
Ford and the Excel Corporation, which produces glass, are now in a joint ven-
ture.

I can name a number of others where corporations are getting together and
looking at how to share costs and how to share risks in technology develop-
ment. I think it is a very promising development in the last couple of years.

Therefore, in light of this, there are, again, a few caveats I would like to
make about what could come out of the report in terms of policy. First, is a
warning against science pork. And in the last couple of years, the use of pork-
barrel spending in academia has come to light. I think that the Space Station
and NASA is a primary example of what I would call science pork, where, yes,
they can say we are building a station and surely we can do something with it.
The question is, is this the most useful way of spending our scarce resources,
$40 billion on a Space Station?

If you ask most scientists whether a station is need, they usually say no.
They say, we can do the experiments on less costly mini-stations; we don't
need a station to return to the moon or go to Mars, and so forth. And yet,
obviously, politics has driven, in this case, the allocation of resources for tech-
nology rather than real needs.

And this is something that I have a lot of concerns about, and in a sense
that argues for more of a competition between the 50 states and argues
against too much of a close cooperation between the Federal Government
and the state government. I fear that this could simply lead to an extension
and even more larger division of the pork.

Finally, one other thing I would like to call attention to, the report does
discuss program evaluation, but I think it needs a lot further discussion on
that. The report notes that attempts to evaluate the effectiveness of programs
has had a lot of problems in the past. Many states would look at a program
and say, well, does it provide jobs within the next three to five years, or are
there other visible results that we can measure? Now, many states feel that
the timeframe is more like 10 years, perhaps 15 years, and this does raise a
concern.

The report suggests that perhaps certain factors can be used, as it were, as
"surrogates" to determine whether the program is effective or not. Leverage,
for example, the participation of the private sector in the case of a joint ven-
ture; and I think this is an honest attempt to come to grips with this issue.
However, I would urge a much deeper examination of this problem.

Again, what I fear here is the sort of situation I like to call the Small Busi-
ness Administration syndrome; that is, if you take public money and give it to
a business, is there is a fairly good chance that they will produce something of
value? The question is, again, whether this is the best use of public resources,
and whether this leads simply to the proliferation of more programs and giving
away more money, which in the end leads to a very large budget deficit.
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In summary, I think the Carnegie Commission report is a good and honest
attempt to address certain issues that have not gotten the public attention
they deserve, both science and technology policy, and especially at the state
level. And I would like to see the debate and discussion of this issue continue
in the future.

Thank you very much.
[The prepared statement of Mr. Hudgins starts on p. 115 of Submissions

for the Record:]
REPRESENTATIVE HAMILTON. Mr. Hudgins, thank you for your comments

and testimony. Let's open it up now for questions.
One of the curious things to me is that if the Federal Government was do-

ing what state governments are doing, we would be accused of an "industrial
policy." And "industrial policy" has become a bad word in many ways over the
past few years. As a matter of fact, we don't even use it. We changed it to
technology policy. But states have been routinely active in lining up the pri-
vate sector and the state government to advance economic interests. So what
is happening at the state level would be shocking if it were. to be proposed at
the federal level.

Why is "industrial policy" a bad word at the federal level and a good word
at the state level?

MR. CELESTE. Mr. Chairman, if I may, it is probably because we don't use
it at the state level. We simply go right ahead in pragmatic ways. I think if I
look at the programs I am familiar with, there are several characteristics of the
states' response to the economic crisis, which has generally given birth to these
initiatives.

In the first place, very few states have created any kind of large new bu-
reaucracy. They have tried to operate through existing state agencies to a
large degree. Many of these initiatives are within the department of economic
development or some generally preexisting framework.

Second, the states have tended to look to the private sector to set the pri-
orities. In other words, if I can use Ohio as an example, when we created the
Thomas Edison Program, we tried to identify existing strengths and to require
the participation of businesses and universities in a cooperative fashion before
any state funds were available. And all of those state funds had to be
matched by private resources, and over time those programs were sustained
largely, not exclusively, but largely with private-sector funds. So that the
driver of the initiative really was those places where there were strong capabili-
ties within the business community that needed additional access to research.

In fact, it is interesting because Mr. Hudgins mentioned what is happening
with the development of joint ventures and strategic alliances within the pri-
vate sector. In many respects, the state technology initiatives represent public-
private joint ventures, or public-private strategic alliances, in which the initia-
tive or the priority-setting was largely in the hands of the private sector, at
least where they have been durable.

REPRESENTATIVE HAMILTON. I will come to you on the larger question, but
when you talk about priority-setting by the private sector, what do you mean?
They determine what the research is, they determine what the direction of the
technology center is; is that right?

MR. CELESTE. They participate very directly in the management of the
technology center and identify, usually on an annual basis, areas for generic
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research which will be shared by all of the corporate members, let's say, of the
Edison Welding Institute, which was cited by Mr. Plosila in one of his articles.

REPRESENTATIVE HAMILTON. Do these technology centers become captive of
the private interests?

MR. CELESTE. I would say that there is an interesting balance usually struck
between the interests of the research team, those who are assembled and par-
ticipating in the research, many of whom have an interest in moving from ba-
sic insights into tests for the development phase of that new knowledge, and
the interests of the corporate members which are much more driven by imme-
diate commercial interests and needs.

REPRESENTATIVE HAMILTON. How do you assure that the state government
simply doesn't pick up the research budget for the private company?

MR. CELESTE. In the first place, the states don't put all that much money
in. I think in the case of Ohio, we probably never provided more than $18
million in the course of a year as a total for eight or nine centers, matched by
a much larger number from the private sector. We tried to treat that as sepa-
rate from what we were investing in basic research through the university sys-
tem. And I think that is a very important point that often isn't emphasized in
these discussions.

REPRESENTATIvE HAMILTON. Let's go back to the original question and let
the other witnesses come in here.

Mr. Plosila?
MR. PLoSILA. First of all, I think part of the problem with industrial policy

at the national level is its concern with nicking winners and losers. The state
programs primarily, as Governor Celeste indicated, are not picking winners
and losers, but in fact, in many cases, it is a joint effort of the university and a
private company in which they both have to agree. The university has to
agree that there is in fact an academic merit and research merit in what they
do, and the industry has to put up its money and figure they are going to get
something back in return.

So these kinds of programs tend more to be ways to build new relationships
than they are to displace existing relationships.

REPRESENTATIVE HAMILTON. Is the product of that research available only to
the company that participate-

MR. PLOSILA. It depends on the way the centers are organized. Some of
the Ohio centers, for example, will have generic research available to all mem-
bers. In other cases, in other states, the programs will be sponsored for that
company. The ownership stays in the university.

REPRESENTATIVE HAMILTON. So it can vary?
MR. PLoSILA. Right.
The other point I would say about industrial policy at the national versus

state level is that many times the state investments, as Governor Celeste also
indicated, are relatively small in dollar amounts, but they are designed to fill
gaps in the private sector for a temporary time period, to change private-
sector behavior.

Most parts of the United states have a problem with seed venture capital,
right now. There isn't enough money available for small, young, growing com-
panies. What we have done in Pennsylvania is leveraged, with $3 million in
public money, $40 million in private money to create privately managed seed
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venture funds, getting banks and university endowments and utilities and in-
dividual investors to put money into early stage investments.

REPRESENTATIVE HAMILTON. That private money would not have come for-
ward

MR. PLosiLA. Without the seed money. In and out, 10 years later, those
private, managed funds are out raising new funds without any public money.

In addition, the public money was an investment that came back to those
Ben Franklin Centers for further R&D. So it was investment, not a grant.
That is a change in private-sector behavior for the long haul, with a little bit of
public intervention to address the problem in the short term.

REPRESENTATIVE HAMILTON. Mr. Hudgins.
MR. HuDGINs. I think there are very serious problems with industrial pol-

icy, certainly at the national level. If you think back to the discussion in the
1970s of whether the government should have funded development of the
supersonic transport, it is good that we didn't; otherwise, we would have a big
money loser on our hands.

The high-definition television controversy was similar, and interestingly
enough, American companies seem to be leapfrogging the Japanese just be-
cause we didn't put funds into what might have been a dead-end alley or an
alley that was not the most productive.

I think that the one difference is that if you keep these kinds of experi-
ments at the state level, they may have very similar problems. But I would
rather have 50 laboratories out there trying it, and that way if North Carolina
comes up with a formula that works, for example, then the other states can
copy North Carolina. If another state comes up with something that turns out
to be nothing but pork barrel spending for businesses or for academics, the
other states can learn.

So I think that is one of the differences between the federal and the state
level.

REPRESENTATIVE HAMILTON. Do you take the position that it is okay for the
state governments to do these things, but not the federal?

MR. HuDGINs. Well, I am a native of Maryland, and I would probably have
objections to Maryland spending money of that sort if I thought that it wasn't
necessary. I mean, it is something that should be debated.

REPRESENTATIVE HAMILTON. I mean, conceptually, though-
MR. HumINs. Conceptually, I have problems with it. I am open to the

idea that, for example, the Government might act as a facilitator. For exam-
ple, maybe in a state where an examination might find it is very difficult for
businesses to cooperate, to get together, to pool their resources, perhaps a
state will come up with a research enterprise zone plan that, in a sense, tries to
pave the way and allow businesses and academics to get together, and per-
haps provide that facilitation.

REPRESENTATIVE HAMILTON. But the idea that they were talking about, these
research institutions where you mingle private and public money and manu-
facturing extension, you don't buy that?

MR. HuDGINs. I have serious problems with it because I would ask the
question of, first, why doesn't the private sector do this?

There was an interesting study done-it was released in December
1984-"Innovations in Industrial Competitiveness at the State Level" by
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Edward Reagan, who was, I believe, Treasurer of New York state at the time,
and Bruno Mahler, a businessman from Wisconsin. This was part of the
President's Commission on Industrial Competitiveness. One of the things the
study did, and some of the associated studies, was to try and examine what
are the problems of taking basic research, doing it, and bringing an end prod-
uct, for example, to the market. That was very interesting because much of
what they found was that it was government policies. And they actually rec-
ommended, I believe, more of a government facilitating role, trying to simplify
licensing processes and things of that sort.

REPRESENTATIVE HAMILTON. I told you we were going to have a lot interrup-
tions today, and we have another one. I apologize to you for that. While I
am gone, I will ask our associates here to check with you on your schedules
for the balance of the morning so that I don't unnecessarily detain you.

I am sorry for all these interruptions, but we are voting with a vengeance as
we conclude our, we hope, session here. One of the charges often made is
that the university industry alliances primarily help the universities and not the
industry. So I want you to speak to that, if you would, please.

We will stand in recess.
[ Recess.]
MR. CELESTE. Mr. Chairman, could I go back for one moment to the in-

triguing industrial policy question, to mention two things? One, to my sur-
prise and quite coincidentally, the directors of three of the Edison Centers are
here, meeting with the Ohio delegation.

There are two other aspects of state initiatives that I think are worthy of
note. First, there is no guaranteed lifetime to any of these state initiatives, and
part of this is because they are so driven by their business relationship. And if
it isn't proving out, if there isn't a real benefit in terms of the marketplace,
most of these initiatives will not last for a long period of time. That may be a
difference between state government and the Federal Government.

REPRESENTATIVE HAMILTON. Have you actually seen some stop?
MR. CELESTE. Yes, in the case of the state of Ohio, one center was put out

of existence in the very early round of appraisal, and others may be in the fu-
ture.

The other point is that with small businesses, as economic activity becomes
more and more knowledge based, more businesses have a hard time sustain-
ing a substantial research program. Therefore their ability to participate in
some kind of shared access to state-of-the-art research and to find a way to
deploy that in their small enterprise can be enormously valuable.

So many of the participants in these centers are small businesses who can-
not afford high-level research and yet recognize that new knowledge is vital to
them in their business, and they need both the research and a training aspect
so that this can be shared with their work force.

REPRESENTATIVE HAMILTON. The centers do not become captured by the big
business interests in the state, that has been your experience?

MR. CELESTE. In my experience, that has not been the case.
MR. PLosILA. Mr. Chairman, if I can just comment, having worked for

about 33 states and their technology programs-
REPRESENTATIVE HAMILTON. Thirty-three?
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MR. PLosILA. Yes, at one time or another. Ohio and Pennsylvania tend to
have a much more balanced portfolio of small, medium and large-

REPRESENTATIVE HAMILTON. Which of the 33 states have the best program?
MR. PLosiLA. I can't answer that question. But the point is that when a lot

of the state programs began in the early 1980s, they were somewhat captured
by the universities, and many of the universities thougt that these were pro-
grams, much like federal programs, for basic research. And those programs
that didn't evolve-a number did over time, but many did not do tech trans-
fer-those that continued to have industrial affiliate relationships with a few
large companies and did only basic research-technical assistance to small
and medium ones have had a lot of trouble with the state legislatures. Those
are the ones who have had their funding reduced or deleted.

Those that are responsive to the marketplace, to companies, in meeting
needs have done relatively well, even in this recession, without major cutbacks
in many states.

REPRESENTATIVE HAMILTON. But it is true, is it not, that these state universi-
ties are powerful figures in a state, and they have a lot of clout. They have got
a lot of clout with the Governor. I mean, is there some risk to this?

MR. PLOSILA. Let me say that in Pennsylvania, they have 128 colleges and
universities involved in the Ben Franklin Center. So it is not just a Penn state
program or a large research university program.

Number one, we require them to compete with each other. Penn state was
not very happy when they ended up last in the competition for two or three
years, and did try in indirect ways to go back to the old approach of how they
got their money. It did not work.

REPRESENTATIVE HAMILTON. Mr. Hudgins is very worried about pork, sci-
ence pork, and he cited some federal examples.

MR. HUDGINS. Most of these are federal examples, yes.
REPRESENTATIVE HAMILTON. How do you respond to his concern?
MR. PLosILA. I think what the states have generally done is look at their

comparative advantage, where they have strengths, and try to use these pro-
grams to focus somewhere where there is an industry constellation of forces
and university expertise where the programs have worked.

I am not saying there aren't programs where the universities simply said
they wanted more money to do what they have normally done. The ones that
have been successful are ones where there have been a group of companies
driving the agenda and the activities. And in those cases, industry isn't any
happier than anyone else about "pork"-quote, unquote-and they are not
going to put in three or four times the public money in leverage if they think
this is simply that kind of project.

REPRESENTATIVE HAMILTON. How do you handle the problem of equity?
Maryland has four biotechnology centers.

MR. PLOSILA. Six.

REPRESENTATIVE HAMILTON. Why do you need six of them? North Carolina
has located some of its business incubators in rural areas.

MR. PLOSaA. Since I have written about this subject, I should comment.
There is this tendency in universities in the United States to have every teach-
ing hospital become a biotech center. We have something like 80 biotech
centers in 29 states. And that probably is way too many. One of the things
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the interstate compact idea, which is in this report, would help address is en-
couraging more information-sharing, more knowledge-sharing. And maybe in
a collaborative venture, there is a need, as Mr. Hudgins noted, for some com-
petition, but I also believe in cooperative competition; and there also is a need
to encourage states and regions to work together.

On the whole, however, if you look at where the state programs are fo-
cused and the research, most of it is in advanced manufacturing, helping ex-
isting firms modernize and be competitive, use technology, whether it is
robotics or CADCAM or sensors to help improve their manufacturing proc-
esses; and that is what we see in the Ohio centers, as an example. I think half
the Ohio centers are in the advanced manufacturing area.

REPRESENTATIVE HAMILTON. Governor, you must have had some experience
with this distribution problem. You are going to get enormous pressures,
aren't you, as a state leader? You have to spread these things around.

MR. CELESTE. You do get enormous pressure. I think in the case of Ohio
we were fortunate. We had a clear set of goals at the outset, which helped us
to evaluate proposals as they came in.

Second, we required a competitive and peer review of the proposals, and
we didn't fund every proposal that came in. We turned down proposals from
some distinguished institutions. Case Western Reserve wanted to be the uni-
versity partner in a polymer center. The University of Akron wanted to be a
university partner in a polymer center. There were separate proposals. We
said we cannot afford, as the state of Ohio, to create two centers that com-
pete with each other.

If we are going to have something which is nationally credible, you need to
find a way to come in together and build on your strengths. And in the case
of one of two biotechnology centers-Ohio is more modest than Mary-
land-the center in Cleveland took four years to get funded because it was
consistently rejected by the panel of reviewers in Columbus who said, you are
not involving all of the participants who need to be involved.

So I think you have to have clear goals at the outset. You have to say that
in order to justify an investment, this must meet the test of national and inter-
national quality. And that is a test that is going to be judged by academic
peers and by business leaders, who both have been represented on the panels
that made the decisions.

REPRESENTATIVE HAMILTON. What about labor?
MR. CELESTE. Labor was involved, and they had an interest in ensuring

that every center had a training component to it. In talking about these Edi-
son Centers, when we talk about science and technology being moved to the
marketplace, it is not enough simply to have a new set of knowledge that is
going to affect the design of a product or a manufacturing process. People
who will do this need to be trained in that. So training becomes an important
component.

REPRESENTATIVE HAMILTON. Labor and management in Ohio and Maryland
have both been very supportive of these; is that an accurate statement?

MR. PLOSILA. Pennsylvania.
REPRESENTATIVE HAMILTON. Pennsylvania?
MR. CELESTE. Yes.
MR. PLOSILA. Very much so.
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REPRESENTATIVE HAMILTON. A couple of years ago, we had testimony in this
Committee about Michigan's manufacturing extension program. And then a
new governor comes in and knocks it out altogether. So, do you have a prob-
lem with stability here? Is this an off-again-on-again kind of thing?

How about your successors, Governor?
MR. CELESTE. My successor has been very supportive of the Edison pro-

gram.
MR. PLosnA. In Pennsylvania, the program is still funded six years after I

left, at $21 million.
REPRESENTATIVE HAMILTON. Still going?
MR. PLOSILA. Still going.
MR. CELESTE. But I might say, Mr. Chairman, the concern is one that the

task force did acknowledge, and one reason for wanting to have a commit-
ment to an advisory body on science and technology is to help provide a
frame of reference or sustaining these kinds of investments over time, a body
that isn't simply a partisan body.

REPRESENTATIVE HAMILTON. Now, you had the Ohio Tech Transfer organi-
zation?

MR. CELESTE. That is right.
REPRESENTATIVE HAMILTON. You set it up, and your successor knocked it

out; is that correct?
MR. CELESTE. It actually was in the throes of childbirth or in its infancy

when I became governor. It was set up by my predecessor, and we worked to
build on his efforts. I think that-

REPRESENTATIVE HAMILTON. It has now been knocked out?
MR. CELESTE. I think "downsizing" is a better description. The state of

Ohio, like many states, Mr. Chairman, has had to suffer through the con-
straints of a budget which-

REPRESENTATIVE HAMILTON. Of course, experimentation is one of the as-
pects of this, isn't it? Not all of them are going to be home runs.

MR. CELESTE. Several of the Edison Centers have become part of what I
would call a technology extension effort.

MR. PLOSILA. Mr. Chairman, if I could just supplement that. This report
also talks about staying power of the federal players as well as the state play-
ers. And those of us involved at the state level have also had the ups and
downs of federal funding and federal stops and starts. So it also works at the
federal level.

REPRESENTATIVE HAMILTON. I wanted to ask you about this interstate com-
pact idea. That is not something that, I guess, we at the federal level are all
that familiar with. But your report calls for the development of these inter-
state science and technology compacts. How do you go about that? How do
you structure that?

MR. CELESTE. Perhaps, I should make a distinction, Mr. Chairman. There
are interstate cooperative efforts that don't rise to the level of being formally
an interstate compact.

REPRESENTATIVE HAMILTON. A compact is a contract, isn't it?
MR. CELESTE. It is really a contract, and it requires action by the Congress

to be recognized. As an example of interstate cooperation, the Great Lakes
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Governors' Council undertook a cooperative effort in the area of dealing with
toxic substances in the Great Lakes. In the states that the Governor decided
to recommend to their respective states an appropriation to create a trust
fund, which we did, the six states put together $100 million, the revenue from
which is used to address toxic cleanup needs in the states. That was never
done formally as a matter of interstate compact.

What the task force has in mind is something akin to the education com-
mission of the states, which is an interstate compact, and brings together all of
the states, governors, legislative leaders, to focus on a specific area of concern.

REPRESENTATIVE HAMILTON. For example?
MR. CELESTE. In this case, we would imagine an organization that focuses

on science and technology policy to create an arena in which we identify op-
portunities for cooperation, in which we share best practice, and in where we
try to hammer out a common approach to policy so that we can speak with a
coherent voice to the Federal Government and to federal policymakers.

One of the reasons I think that the states aren't as effective a partner as we
ought to be in federal initiatives is, it is very hard for you as a concerned mem-
ber of Congress to hear a state perspective. You hear different people speak
at different times. But if we are to really mobilize the best of what we know
in science and technology and put it to work in a partnership between the
Federal Government an dstates

REPRESENTATIVE HAMILTON. Give me some examples. How does this work?
Dream up an example here for me. You would have an interstate compact
doing what?

MR. CELESTE. Let me give an example. I would think an early agenda item
for such a commission, or such a compact, would be to talk about what states
can do to help refocus the work that is going on at the federal laboratories.
These labs have a very intimate impact on the communities in which they are
located. While they may be dealing with nationality problems, they have of-
ten a local flavor.

Now, already some states have taken the initiative. The state of New York
has a consortium built around work that is being done in Cold Spring Harbor
with federal labs, state universities, and businesses. In California, there is an
effort now to look to the federal laboratories and their work in the transporta-
tion area, to see how this can be geared into states' interest in transportation.

But as of today, the states have no way to speak to the Department of En-
ergy, the Department of Defense, other agencies who fund the federal labs, to
say, here is our interest as state governments, and here is how we would like
to participate with you as a partner.

And I can see such a compact addressing that sort of an issue. It might
address expectations of the Congress and federal agencies with something like
the small business innovation research program, or in a variety of other areas.

REPRESENTATIVE HAMILTON. Mr. Plosila or Mr. Hudgins, do you have any
comments on this interstate compact idea? Mr. Plosila, you have worked a lot
in different states. Have you had any experience with the compact idea?

MR. PLosILA. Interstate compacts were basically established in the United
states partly for regional issues. But increasingly Congress and the states
themselves have come forward to create national groups of compacts-the
ECS being one more recent example. The reasons for this seem to be
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because they need a source of independent knowledge to address standards,
to address innovation, to address common problems or needs.

And I think some of the work going on in educational reform now around
the United states really came about from the work of ECS over the last 10 to
15 years in which they have helped educate the elected officials in legislative
and executive branches, not just at the state levels but at national levels as
well.

The importance of science and technology issues in defense conversion and
federal labs are only two examples. But increasingly in our society what we do
is affected by science and technology. So environmental issues is another
area. The cleanup of defense installations is another example. There are a
number of areas in which they are going to require collaborative efforts at the
state and national levels. A compact can provide a common place for which
the states together can play a role, which I think Congress and the Executive
branch would appreciate, in the sense of having a place to go without having
to talk to 50 different folks.

Interstate compacts, however, are not a panacea, and really only those
states that sign up are members, so all states don't necessarily sign up. And
Congress itself has to approve the compact itself, legitimize it.

REPRESENTATIVE HAMILTON. Let me ask you this question. One of the phe-
nomena that confronts the states now is this business of smokestack chasing,
where you get a lot of competition among states to locate a certain industry or
facility. Would a compact, for example, likely have a clause in it that would
prohibit that kind of thing? Is that feasible, or is that off the wall?

MR. CELESTE. Mr. Chairman, having tried to get an agreement among just
six Great Lakes states and their governors to forego smokestack chasing and
having failed, I would say that it would be very difficult to get such a clause
into any compact. It would create a forum, however, where a discussion of
that-particularly around science facilities and the kind of pork issue that Mr.
Hudgins raised-could be addressed in, I think, a responsible way, and,
again, addressed among peers with an opportunity to share the outcome in
important forums.

There are several other debates going on in Washington right now about
the deployment of science and technology for the benefit of society. The NA-
tional Science Foundation is looking at its mission and whether to refocus it in
certain ways. The National Institutes of Health is doing the same thing as
they develop a strategic plan. There is no mechanism today for the voice of
state governments to be heard in that discussion.

REPRESENTATIVE HAMILTON. Mr. Hudgins, do you want to comment on this
area?

MR. HuDGINs. Yes, just a couple of remarks.
Policy innovations do often occur at the state level, whether it is choice in

education, welfare reform or whatever. As you move up the ladder, so to
speak, and try to get consensus, it is much more difficult. This is where I see
a serious limit to compacts.

In regional agreements, whether it is on pollution or water and public utili-
ties-these kinds of things-very practical ends are involved. But when you
start talking about something beyond, that it is very difficult.

Perhaps, the states could have some consensus on what kind of flexibility
they want from the Federal Government, okay? Or they could, perhaps, have
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a consensus on seeking to have certain powers returned to them. And I am
looking, for example, in the environmental area. This is an area where you
may find something like that, where the states say we can handle a lot of the
problems associated with the environment better if you give us more flexibil-
ity. Perhaps, a unified voice in that area would be useful.

But in terms of science and technology, except perhaps for conversion of
the federal labs, I find it difficult to imagine exactly what kind of a compact
they would have. I see serious limits to these sorts of agreements.

I might add, one of the problems also is that in this country, business turn-
over is among the highest in the industrialized world. I think David Birch,
from MIT, his studies of businesses and jobs finds that we have something
like 6 or 8 percent turnover in our jobs and businesses every year. If we look
at the Fortune 50Q today and five or ten years ago, you find a lot of turnover.

So you do have this problem as well when you have business partnerships
even at the state level with the Government, as a lot of those businesses, you
know, in the market probably should fail, and the resources go somewhere
else. And as you move up the chain, it is even more difficult to get a consen-
sus and get the businesses tied in.

MR. CELESTE. Mr. Chairman, just to give one other illustration of where I
think a forum of this kind could be valuable-whether it is created under an
interstate compact or in some other fashion.

A strategy of many federal agencies in recent years has been to insist on
matching funds from state governments or local communities in many of these
science and technology initiatives. This can become a way of pitting state

governments and localities against each other and rewarding the place with
the most wealth. That isn't necessarily the best way to make these decisions.
And I think there is a real concern on the part of many of the policymakers
and states focused on state science and technology initiatives to frame an un-
derstanding about matching funds that recognizes flexibility, that rewards
quality and not simply who has got the money and things of this kind.

So I want to suggest that the forum can go beyond simply a decision about
recommendations of what is the future of national labs to deal with issues of
this sort, which affect the nature of the partnership between the Federal Gov-
ernment and states and the way we do our business most productively.

REPRESENTATIVE HAMILTON. Let me ask you this. There is a feeling, I think,
among many, since the American competitive position in the world is such a
dominant concern of Americans-and will be a dominant concern going into
this next decade-that the Federal Government is going to become more in-
volved in these types of policies than has been true in the past. Mr. Hudgins
may not like that, but it may develop in that direction.

And if you look at it from the standpoint of the Congress, you can dearly
see pressures in that direction. Now, if that happens-we won't argue the
merits of it-but if it happens, what does that mean with regard to states, and
with what you are arguing for today? If the Federal Government moves into a
technology policy, or whatever we call it, and we begin to set up manufactur-
ing and research centers and the rest of it, what does that do to the state role?
Is that going to diminish the state role, or increase it? How would you see
that developing?

MR. CELESTE. Mr. Chairman, my sense of the discussions in our task force
were, first, we anticipate what that direction is likely to be, that the Federal
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Government will desire to invest in R&D for economic competitiveness as we
move away from the major preoccupation with defense investment in R&D,
and a recognition that our national security depends very much on our eco-
nomic competitiveness.

I think the conviction of the task force is dearly that, to do that wisely, the
Federal Government needs to think in terms of partnerships with the states,
that the states have been active on the frontiers, that we have been very flexi-
ble and diverse in what we have pursued. And I can give you some examples
of problems that arise when the Federal Government acts without taking into
account state initiatives.

There was considerable discussion about NSF investments in the early
days, in engineering centers that would duplicate, in many respects, work that
was already invested in by a particular state, in the way of a similar engineer-
ing center focused on particular areas or problems. And the condusion we
have reached, I think, is that if we work together, we can leverage limited re-
source

REPRESENTATIVE HAMILTON. This is not a zero sum game.
MR. CELESTE. It is an opportunity to go well beyond a zero sum game.
REPRESENTATIVE HAMILTON. You said there are six biotechnology centers in

Maryland?
MR. PLOSILA. Yes.
REPRESENTATIVE HAMILTON. Why have you got that many? Isn't that a big

waste?
MR. PLOSILA. Actually, as I understand what happened, it was a University

of Maryland initiative. And on their own basically, without industry involve-
ment, and really without much state oversight, they decided that they wanted
to cover all fields of biotechnology and simply added centers over time. The
state now

REPRESENTATIVE HAMILTON. You said there were some 80 in the country?
MR. PLOSILA. Right.
REPRESENTATIVE HAMILTON. Is that good to do that?
MR. PLOSILA. What is happening, however, as Governor Celeste indicated

earlier, is that when there isn't the private-sector interest and the state govern-
ments don't see results, they are pulling money out of these things, so there
will be less centers over time. It is the laboratory of democracy argument;
which is, when people experiment, you tend to duplicate activities, and there
is a consolidation period in which you bring things back together.

I think what is happening with many of these things when they first got into
the technology arena, they all wanted to be part of it. Now, I think there is
much more a look at where the private-sector money is, and what the benefits
of these things are. But I don't think-

REPRESENTATIVE HAMILTON. Can you give us any help on these intense
fights that we have in the Congress on federal research projects? You get a
superconducting super collider. What do you do about that? How do you
reduce the

MR. PLosu.A. We have this on a micro level in Pennsylvania, because every
research university wants to create multiple centers. It is the nature of the
beast. What we said was, in fact, if you wanted to get state support, you had
to get private-sector commitment, dollars in hand, at least equal to the public
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money you are asking for. You had to apply the funding toward development
projects, not simply for basic research. You had to show a tech transfer com-
ponent.

We had six criteria we applied to each of those centers. And some of them
still got federal money, but we did not put state money into them because
they did not meet our state and local priorities, which were primarily on eco-
nomic development. We are using research as a way of helping commerciali-
zation. That same phenomenon is now happening throughout the country
with a lot of state efforts asking the questions and seeing, in fact, if those in-
vestments are worthwhile.

And I would argue that, in fact, the states have a little bit more experience
at this, in many respects, than the Federal Government, because I can cite to
you 10 states that have cut centers. There are at least 10 of the 44 states that
have cut one or more of their centers in the last two or three years. That is
rather unheard of for university-based research centers to get defunded, but,
in fact, it is happening because states are asking these questions.

This relates to the question Governor Celeste is responding to; that is, if
the national government is more involved in competitiveness issues, what does
that mean in terms of the state and local role. I think if we are going to be
successful in competitiveness issues, we are going to have to have approaches
that are somewhat more decentralized than the approaches we did during the
World War II and post-World War II period. We are going to have to have
efforts that involve the private sector.

And I think the state programs tend to be more downstream, to be more
applied, involve more industry than more traditional programs. If we are go-
ing to have federal intervention, these programs are going to be responsive to
what industry needs. They need to be responsive to what our competitiveness
problems are. If we try to operate these out of a national approach, I think
we are asking for failure from the start because they are not responsive to the
customer, the client. They are not responsive to the particular needs of the
different areas and regions of the country.

And so, the state-federal partnership we are going to need more than ever
in science and technology, not less, because of the nature of what we are go-
ing to be intervening on, which is technology diffusion, manufacturing mod-
ernization will require close relations between the private sector and the
customer, which state and local governments, just by the nature of where they
are, can accomplish.

REPRESENTATIVE HAMILTON. Did you want to make a comment on that?
MR. CELESTE. I wanted to comment specifically, Mr. Chairman, on the big

science issue and the competition for that.
It seems to me that, again, if there were an opportunity for the leaders of

50 states-governors and legislative leaders-to think about how one arrives
at a decision to locate a major big science project, once there is a determina-
tion from the Congress and the President that this is a project that is in the
national interest, I think it would be helpful to have their input in the process.

For example, it may be important to say, as part of our evaluation, we want
to see built into each proposal cooperation among the states within a region.
No big science project should belong to a single state alone. It ought to rest
in a region, and it ought to be justified because of the region's commitment to
that effort.
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There is a real temptation to tie such a decision to which state is going to
put the biggest pot of money together. That isn't going to guarantee that it
will be put in the best place. I think that there will be in the future some big
science projects that require an investment from this country. Even today, we
are debating whether those costs should be internationalized in some fashion.

REPRESENTATIVE HAMILTON. You know, Mr. Hudgins was concerned about
the space station. They sprinkle those contracts around every state in the
country. So I have people calling me from Indiana and telling me that I have
to support the space station because it is important to such-and-such a busi-
ness or such an institution.

The business of spreading contracts around is a highly sophisticated busi-
ness today, and it is done for the purpose of gathering political support. And
it is very effective. There is no doubt about it.

That is not exactly on point of what we are discussing here, but it is a phe-.
nomenon that has become very impressive from the standpoint of a politician
in this institution. How these projects that you hear about, all of a sudden you
find all kinds of connections with your state on it.

Okay. Let's get on with some other things now.
MR. CELESTE. Mr. Chairman, did you want to return to the university busi-

ness alliance issue?
REPRESENTATIVE HAMILTON. I do. But let me ask you this. When you set

up these centers-I will let you go into that because the whole purpose of this
is to let you talk about what you want to-but when you go into these state
centers, where does the opposition come from, and how much is the opposi-
tion in Maryland and Pennsylvania and Ohio, politically speaking?

Let's look at this as politicians for a moment. How much significan'ce do
you get for that? And, once you establish them, does that opposition fade
away on you, or does it remain and intensify?

MR. CELESTE. The two criticisms or the two concerns that were raised in
the early stages of the Edison program were: Why didn't we get a center? In
other words, you have some local opposition.

REPRESENTATIVE HAMILTON. This county gets it, and that county didn't get
it.

MR. CELESTE. Toledo did not get a center. Dayton did not get a center.
Youngstown did not get a center. Why does Cincinnati have two centers?
Why does Athens, Ohio, have a center, and we don't have one in Toledo or in
Dayton?

REPRESENTATIVE HAMILTON. That is not opposition on a conceptual basis.
MR. CELESTE. No. It is assuming that if it is good, we should have one,

too.
So there is a lot of work that has to be done to persuade a community that

the only way you can have an investment of this kind is if you can identify an
area of sufficient strength and focus, that you can begin to exert some real
national leadership. Because that was the test we used. Can these centers
become recognized national leaders in their area of expertise?

REPRESENTATIVE HAMILTON. But almost by definition, then, don't the rich
get richer?

MR. CELESTE. Well, no, not necessarily. We have the director of the Edi-
son Welding Institute here. I don't think anyone had welding on the horizon
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when we talked about this, that there was really a very advanced technology
aspect to it; and yet it proved to be the case.

Cleveland was not a big winner in the early days. There was one center
there in advanced manufacturing, and they felt, somehow, that certainly that
didn't match what their interests were.

The second source of concern is one that arises over time, and that is, we
tend to sell these programs on the basis that they are going to be good for our
economy. Now, as politicians we translate that into jobs, and we have elec-
tions in a two-year or four-year cycle. Where are the jobs in two years or four
years? I tried very hard to make it clear to members of the legislature and the
public that these were long-term investments. We should look at them in 5-,
10-, and 20-year time increments.

But we went through an evaluation early on to begin to look at were these
really beneficial to the private-sector participants? Did the businesses that
were paying members of these centers believe that they were getting some-
thing of value? Could they identify specifically what it was?

Similarly, did other constituencies like organized labor see a value in this?
An example would be-

REPRESENTATIVE HAMILTON. Do they now support them?
MR. CELESTE. Yes, they do.
An example would be the Cleveland advanced manufacturing program, in

the early stages, received not a request for a generic research but a very spe-
cific proprietary problem. The Ford engine plant in Brook Park-a part of
Cleveland-had a specific problem where a machine was constantly breaking
down, and they could not figure it out in the plant. They went to the ad-
vanced manufacturing program, and within a relatively short period of time,
the skills that were available-academic, experienced, and so on-were
brought to bear, and that problem was solved, and in a way that allowed for a
very important manufacturing process to continue.

It was fortunate that that happened in the early stages of the center be-
cause it helped everyone to understand the ways in which this transfer of
knowledge could be directly beneficial.

REPRESENTATIVE HAMILTON. One interesting aspect of your response is that
in the initial stage when you proposed these centers, you did not get a lot of
opposition; is that correct?

MR. CELESTE. That is correct.
REPRESENTATIVE HAMILTON. Mr. Plosila?
MR. PLOSILA. First of all, in the early 1980s, the centers were university-

based. Increasingly, the centers are becoming nonprofit based. So I think the
U.S. centers are evolving much more into being a mixture of industry and uni-
versity nonprofit than they are university-based centers. So I just wanted to
put that out there as to what is happening.

REPRESENTATIVE HAMILTON. In that instance, does that mean a small busi-
ness in Ohio, or somewhere, which has a welding problem, they can come to
that center?

MR. PLosiLA. I won't try to cover everything, but among the services to
their members is technical assistance to those firms. They provide a limited
amount of technical assistance to their member companies, wherever they are
located.
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REPRESENTATIVE HAMILTON. If the firms are not members, are they shut
out?

MR. PLoSiLA. It depends on the center. That one I can't comment specifi-
cally on. Most of them can do contract work, but it is at a much higher rate
than for a member.

MR. CELESTE. Mr. Chairman, if I might, just as a point of interest, the
Cleveland advanced manufacturing program is the only nonprivate-sector en-
tity to get a Q-1 award from Ford for quality work.

MR. PLosiLA. In terms of your question about opposition and so forth,
around the country there are four different oppositions that comes up, and it
depends on the program. One is small firms that feel shut out of the early
programs because they could not afford the membership costs.

And the second problem is that when they tended to be basic research cen-
ters, university researchers aren't noted for deliverables and timeframes. But
that is partly a definitional problem. It depends on what kinds of centers you
have. The centers not designed for that, obviously, can't provide that kind of
service.

The second area tends to be parts of universities are upset because their
area wasn't selected for the focus of the center. Or some parts of industry will
be upset because what they are interested in was not selected.

I might say that, generally, areas are selected where there is an equal
amount of support of both industry need and university expertise. Where you
have joint centers or where you have an industry-driven center, it tends to be
industry-focused on what they are interested in.

In Pennsylvania and Ohio, we had labor support. In other parts of the
country, we have had problems from time to time. Although, I think, gener-
ally, labor, organizations recognize that if we don't use technology to modern-
ize, there won't be any jobs. It is not a question of elimination of jobs; it is a
question of retaining some jobs. So there is much more support on the
technology-infusion side. But that has been a problem in some cases.

And then the final group is legislators. Governor Celeste mentioned in
terms of looking at short term versus long term, but also looking at what the
benefits are. Again, there was a communication problem in a number of states
where the university would say that they wanted to help economic develop-
ment- that meant better quality workers-whereas, the legislator meant jobs.
So there has been a real communication problem that I think, hopefully, will
get worked out.

REPRESENTATIVE HAMILTON. We have over 1,300 university research centers
in the country today, and some of those have been in existence for some time.
They ere associated with 450 universities. Can we draw any experience from
those? Is it clear that they are contributing to economic growth? Have there
been any studies of these centers? I am not talking about any one particular
one. I am talking about the big picture. And in terms of jobs, that is usually
the bottom line.

MR. PLoSInA. Carnegie-Mellon has a study funded by the Ford Founda-
tion, which is underway now, which is surveying to find out, in fact, what
these centers do. It is a very comprehensive survey. We will know more
about centers out of this study than anything I have seen to date.

REPRESENTATIVE HAMILTON. When is that going to be ready?
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MR. PLosILA. Shortly. Your staff may know more than I do. I have lost
track by now. But this study should help inform us.

In terms of anecdotal information or state-by-state information, it depends
on the kind of state you are talking about.

I did some work for Utah and Utah's Centers of Excellence, which are
based in the university. Number one, they graduate centers They are only in
the program for five years, and the centers actually graduate from the pro-
gram.

Number two, the cost per job is something like $7,000. Utah is a very en-
trepreneurial state. They have lots of spin-offs. They have something like 69
biomedical firms alone in the Salt Lake City area which came out of university
intellectual property or university faculty.

So, in that kind of program, they clearly are showing a cost benefit ratio
that is very good. It is a small program-$2 million a year in state money.

REPRESENTATIVE HAMILTON. One of the criticisms, of course, of government
generally is that we set things up and then we never follow up and see if it
continues to perform. For example, in the programs you are familiar with, is
there an ongoing, rigorous oversight to see if they continue to perform like
they are supposed to perform, or do you set them up and forget about them?

MR. CELESTE. Mr. Chairman, I think that those centers which have been
created specifically within the economic development framework are subject
to pretty substantial oversight, both in the legislative arena and from an ad-
ministrative point of view. As we have indicated, at least one of these centers
has been defunded, so I think there is an effort to look at them critically.

I think, if you look more broadly at university business collaboration, this is
an arena that bears examination. Mr. Plosila mentioned a study that is under
way in conjunction with the Ford Foundation. If I can put on another hat, I
chair something called the Government-University-Industry Research Round-
table. We are deeply interested in the future of the academic research enter-
prise and the relationship between business, industry and the university in the
research arena.

We are bringing together a dozen university-industry partners for discussion
in the latter part of October to focus on what makes a good collaboration: To
what degree do we really understand and do two partners really have the
same expectations of each other?

Even today, with all of what we invest through these centers and in other
ways in research, that aims to have a valuable impact on business. What busi-
ness really wants from the university, more than anything else, is highly
trained personnel who can come out and join them in their business. If the
centers are productive, that is an added benefit from the standpoint of many
of these university-business partnerships.

MR. PLosiLA. The Carnegie Commission Task Force Report does call for
evaluation to be given more attention. And one of the things the interstate
compact could do is help, in fact, look at how to develop standards.

And this is actually something of benefit to NSF and other federal agen-
cies. I have been on a number of groups in the last couple years which deter-
mined that the Federal Government itself has trouble evaluating science and
technology investments, not just the states. But if you look at what the states
have been trying to do in looking at their science and technology investments,
they have far exceeded what generally the federal agencies have done up to
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now. Not that it is perfect, but they have at least been trying to find ways to
do it.

The compact would be of benefit to both federal and state partners in the
sense of having a place to try and figure out how we can do a better job of
measuring and evaluating these investments.

REPRESENTATIVE HAMILTON. Mr. Hudgins, did you have a comment?
MR. HUDGINS. The only thing I will add is that I think it is a crucial ques-

tion about how you evaluate these programs. And, again, from the experience
at the federal level, we know that the follow-up is not particularly good. I
think that, in a sense, it does argue, if we are going to do these experiments, it
is better to do them at the state level. That way, if Ohio does something eve-
rybody universally agrees works and they have their standards and criteria out
there, then we can say, fine, here is something that seems to be useful, and
perhaps the Federal Government can learn from what the states have done.

And, conversely, if many of my fears come to fruition where there are seri-
ous problems with these, where the state governments literally have to make a
choice between continuing to fund a program, with no foreseeable benefits to
the states, or, for example, covering the education budget or cutting the
budget for police, then, fine, the people of the state and the state legislators
can have a good, rousing debate over that very issue.

REPRESENTATIVE HAMILTON. Is there any problem of foreign corporations
coming in and getting undue advantage from these things? We have 496 for-
eign corporations that now have a research relationship with 41 research uni-
versities in this country. Does that come up on your radar screen at all? Is
that a concern, that our universities are turning out research, and the foreign
corporations are going to be the ones that take advantage of it and benefit
from it?

MR. CELESTE. Mr. Chairman, the answer is, yes, it comes up on the radar
screen. It comes up very clearly. And I will give you a specific example.

I have mentioned the Edison Polymer Innovation Corporation. This has a
number of corporate members focused in Northeast Ohio because of the
Akron-Cleveland interest in polymers. Two of the corporate members of this
center were Sohio-a major oil company- and Firestone-a major tire com-
pany. One based in Cleveland, the other in Akron.

These are major corporate members of the center, very active participants.
Well, Sohio is now BP. Firestone is now Bridgestone. They are the same
companies in many respects, but they are now foreign-owned companies.

The view of the board of the center is, they are entitled to fully participate
in the center on the same terms-not better terms, not worse terms-but on
the same terms as any other companies with investments there, and they will
be full participants.

And, indeed, for these centers to really provide state-of-the-art knowledge
to their businesses, the centers themselves have to think internationally.
Thus, the Edison Welding Institute in Columbus has a partner relationship
with the Welding Institute in Great Britain, which is providing an interna-
tional insight, that they can call on for the benefit of members of that effort in
Central Ohio and throughout the state and really throughout the Midwest.

It is extremely difficult today to draw meaningful boundaries around who
are the beneficiaries of research as we move it to market. And the real chal-
lenge, it seems to me, is many U.S. companies are still less interested in
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knowledge coming out of university research or other research centers than
are foreign companies who come here and stay attentive to this.

I have been told that, for example, twice as many Japanese companies
make inquiries to the federal labs for published research results than do U.S.
companies. And half again as many German companies approach federal labs
for information as to U.S. companies. So part of the goal of these centers is
to actually stimulate interest in communications with U.S. firms in a way that
is going to help them be competitive.

But I don't know that we can guarantee a national advantage by trying to
create boundaries that will say, somehow this knowledge is off limits to,
quote, a foreign company.

REPRESENTATIVE HAMILTON. Why can't we say, if you are going to benefit
from the fruits of research at Ohio state University, then you are going to
manufacture in Ohio?

MR. CELESTE. Actually, we seek to do that. Another aspect of the Edison
effort is seed money for firms that spinoff, and that develop out of new
knowledge. And part of what we try to do is to build the contract relationship
that keeps those jobs in Ohio.

It is extremely difficult when the Edison Animal Biotechnology Center in
Athens spins off a company, and it is a private company in which they own an
interest. And that private company, as it goes from venture capital to the next
stage of its development, is acquired by a firm based in Princeton, New Jer-
sey. And they say, we want to move the base of this company to New Jersey.
We will try to keep jobs in Ohio, but it is extremely difficult to make sure that
happens.

Part of it is that we just have to understand that the turnover is moving so
fast, we have to help our companies be flexible and quick in their ability to
respond to changed market conditions.

REPRESENTATIVE HAMILTON. Mr. Hudgins?
MR. HuDGINs. It is true that foreign corporations are always looking for

advantages over here. I note that one of the primary users of the Freedom of
Information Act are foreign firms often trying to get information about Ameri-
can businesses. It is not usually reporters trying to find out what is happening
in the Government.

But, in a sense, that calls our attention back to the strategic alliances and
joint ventures that I mentioned earlier. American firms seem to be getting
more sophisticated in driving a harder bargain with these kinds of agreements
than they did in the past.

The Apple-Sony agreement, for example, I believe was agreed to in 1981,
means that the Apple computer company will have access to certain manufac-
turing procedures and miniaturization technology that they need. The Sony
people will have access to our laptop designs, and they presumably will come
out with a product which both can market in their own countries. Or the LSI
Logic Corporation agreement with Sanyo to produce semiconductors for high-
defnition television. In that agreement, the American firm will gain manufac-
turing technology that they don't have already. The Japanese firm will gain
design information. Hopeully, both will become more competitive.

And maybe that is something you might want to look at as a model, are the
two companies both benefiting? I would assume that they are. And, in this
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case, you can document where Apple or where the others gain by having an
agreement with foreigners.

REPRESENTATIVE HAMILTON. Do states take an equity position in companies
that associate themselves with these centers?

MR. PLosiLA. It varies by state and by program. The states have what are
called matching rant programs where they fund projects, say, between a fac-
ulty member and a company. In most cases, most of them require a royalty
payback and a fee to the university.

REPRESENTATIVE HAMILTON. Does the state become a shareholder?
MR. PLoSILA. In the venture capital program I talked about in Pennsylva-

nia, the state is a shareholder. In the Ben Franklin Challenge Program, the
Ben Franklin centers get equity for their investments.

REPRESENTATIVE HAMILTON. Suppose the state regulates that industry? Is
there a conflict of interest?

MR. PLosaA. It is like the Federal Government. The right hand doesn't
know what the left hand is doing sometimes.

REPRESENTATIVE HAMILTON. Easy there, now.
MR. PLosiLA. A number of states have tried to encourage their securities'

commission to have a more active playing field for technology start-ups. I
don't think there is a real conflict problem there.

REPRESENTATIVE HAMILTON. Do states put pension funds into these opera-
tions?

MR. PLOSIIA. Yes, not into the centers. When we talk about state technol-
ogy development programs, we are talking about eight or ten different varie-
ties there. One of those varieties is matching grants. Another is incubators.
Another is centers. A fourth is venture capital.

In venture capital, there are two kinds of state interventions. One is where
the pension funds invest generally in privately managed venture capital funds.
In Pennsylvania's case, the state invested 1 percent of its pension assets in
venture capital funds, and they were so pleased with that that they have just
doubled it to 2 percent. Ohio is one of the first states to actually do this.

Michigan has put 5 percent of its pension fund money into venture capital.
The funds invested in generally are not geared to one state. They are geared
to regions or to multi-state kinds of investments, with an effort to help the
states they are in. But their primary responsibility is to their pension holders,
as fiduciary responsibility. And you have, as I say, 25 states with some kind of
a pension investment. You have another 17 states with some kind of seed ven-
ture capital investment, not necessarily the same thing.

REPRESENTATIVE HAMILTON. You are very familiar with this Ben Franklin
partnership, right?

And, Governor, you have referred several times to the Edison centers. Are
these among the best examples of the kinds of programs that we are talking
about in the country today?

MR. CELESTE. If you want my unbiased opinion, the answer is yes.
MR. PLOSILA. The Corporation for Enterprise Development is a nonprofit

group that studies state economic development, which just gave its awards, I
think, to six programs in the country. These were two of the six.

REPRESENTATIVE HAMILTON. What were the other four?
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PREPARED STATAMEMT OF Ccum

Mr. Chairman, members of the Committee, thank you for inviting me to testify on
the Carnegie Commission report: Science, Technology and the States in America 's Third
Century. As you know, this report was prepared by the Commission Task Force I
chaired on Science and Technology and the States. I would like to commend my fel-
low Task Force members for their commitment and compelling work: Bill Baker, Ar-
den Bement, Erich Bloch, Lawton Chiles, Dan Evans, Bob Inman, Graham Jones,
Frank Mosier, Walt Plosila, Donna Shalala, Luther Williams, Linda Wilson and
Chuck Young. Additionally, Chris Coburn did an excellent job as Task Force staff di-
rector. The outstanding Carnegie Commission staff induded its Executive Director,
David Robinson, Maxine Rockoff, Jonathan Bender and David Kirsch. Additionally,
we were well supported by a number of other people including Harvey Brooks, Dun-
can Brown, Tom Moss and Jeanette Aspden.

Finally, I would like to express my heartfelt gratitude to the entire Carnegie Com-
mission and especially its co-chairmen Bill Golden and Josh Lederberg as well as the
Corporation's President, David Hamburg.

Since the Second World War, the federal government has taken the dominant role
in applying science and technology to national needs. Over this period, the Cold War
made national Security tile prime consideration, and it is the responsibility of the fed-
eral government to protect the nation against military threat. More recently, three
broad trends have combined to offer new national chalenges and to demand new
ways of organizing the responses. These trends are the growing national importance of
science and technology; the increasing strength of the states in managing these assets;
and the end of the Cold War, with the consequent release of resources, especially hu-
man resources, once devoted to defense. The opportunity is to devise fresh new re-
sponses to many national challenges, among them the reform of education, the
preservation of the environment, the promotion of economic competitiveness, and the
provision of health care.

These issues are largely domestic, and major aspects of all of them traditionally fall
within the purview of the states. In addition, the past 20 years have seen increasing
devolution of many of these responsibilities from the federal to the state level.

As this Committee knows better than most anyone, effective responses to these
challenges will place a premium on flexibility, efficient distribution of resources, and
organizational entrepreneurship in place of the centralized, coordinated response that
was appropriate to the challenges of the Cold War. New partnerships of federal and
state government, academic research, and private industry will be needed, and build-
ing these partnerships wil require changes in our systems and institutions of govern-
ment at both levels. Many of these changes are well under way. Some have yet to
begin.

In previous hearings, this Committee has received descriptions of how many
states, in their industrial technology programs, have demonstrated the ability to
achieve the necessary flexibility and responsiveness, working closely with industry and
academic institutions. While these efforts are still relatively small on a national scale,
their structures provide models of government-industry partnership that can be ex-
tended to the federal government, and that can hel ape responses to other great
national challenges.

Our report stresses that the central issue is how to determine the most effective
roles of federal and state government. The two should be assigned their roles not on
the basis of which level raises (and spends) revenues, but according to their relative
effectiveness in a given situation, including their effectiveness in catalyzing private-
sector action. Determining the appropriate balance in a particular case will require an
unprecedented degree of communication and cooperation, with consultation about
needs and priorities and timely sharing of information about programs of potential
joint interest.
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Ensuring effective communication and cooperation will require new advisory and
policy development mechanisms. Whether they are helping shape national science and
technology priorities or addressing closer-to-home problems of the environment,
health care, education, energy, and economic development, states must have ways of
gathering knowledge, of learning from one another, and of putting their ideas and pri-
orities forward in national science and technology forums. We believe, new scientific
and technological advisory organizations will be needed at three levels:

* Within states, today's formal and informal advisory bodies will become more
significant, and their charters will have to be reshaped to include the develop-
ment of broad policy positions, integrating knowledge from many fields and
from all available sources, including especially the private sector. States will
need well-defined mechanisms for mobilizing science and technology expertise
to meet strategic goals.

* Interstate organizations will be needed to support information exchange, inter-
state cooperation, regional collaboration, and the development of opportunities
for cooperation with the federal government and with industry.

* States will need to become more heavily involved in federal policy deliberations,
both for setting broad priorities and for designing programs that share state
and federal resources. The states will need to be represented on federal advi-
sory committees at all levels, from the highest national policymaking councils to
the individual laboratory. They will need to work toward a partnership whose
influence reflects their potential contributions and needs.

In creating this new partnership, the nation will draw on the vision of great prede-
cessors: the Founders, who defied the initial balance of state and federal powers; the
authors of the Morrill Act of 1862, who melded scientific and technological innovation
with education in the state Land Grant institutions; and Vannevar Bush, who forged a
strong and durable link between government and science after the Second World
War. Another opportunity for a new relationship between government and science
and technology is at hand: the Cold War is ending; old assumptions about the world
are being put aside, and new truths are emerging. In a changed and changing world,
science and technology are increasingly central to effective democracy and economic
prosperity. By grasping this opportunity for renewal, the nation can increase its indus-
trial competitiveness and meet the challenges of education, health care, environmental
protection, and other vital domestic concerns.

The Commissions report makes eight major recommendations, grouped into two
areas: shaping policy with states and shaping national policy.

Shaping Policy Within States
1. Each governor should have a designated science and technology advisor. Gov-
ernors are increasingly called upon to make decisions that have scientific and technological
dimensions. However, they generally lack staff sources of science and technology advice and
assessment.

Each governor's science and technology advisor should act as a focal point for ad-
vice on the full range of scientific and technological issues that a governor faces, in-
cluding health care, environmental quality, telecommunications, and science and
technology for economic development. The science and technology advisor should
serve on the governor's executive advisory team, as a trusted source of objective ad-
vice, integrating the views and knowledge of experts in academic institutions, industry,
and elsewhere throughout the state and the nation. This official would have several
important functions:

* Bringing knowledge of science and technology to bear at the highest level of
decision making in the state

* Helping the governor respond quickly to emergencies by assembling the appro-
priate experts
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* Serving as liaison with the science and technology community in industry, fed-
eral agencies, and universities

2. Each state should have an independent science and technology advisory body.
No state has the benefit of a sufficiently well organized process for developing broad, com-
prehensive positions on issues that involve science and technology, such as economic devel-
opment, health, and environmental protection. Sound decisionmaking about major public
issues requires such a process.

Such a group, with members representing all elements of the science and technol-
ogy community in the state, should be charged with providing broad views on key pol-
icy challenges. With its help, the governor, Legislature, and the public would be able to
engage science and technology leaders from throughout the state in their efforts to
respond to technological change and promote technological competence. The group
would also provide continuity and institutional memory, bridging political cycles.

The group should be independent and representative, and should have access to
the science and technology community. In some states, an existing organization, such
as a state academy of science, might serve this advisory function.
3. The proposed state advisory body should develop and periodically update a
vision of science and technology's role in meeting the state's strategic goas. Part-
nership between government, industry and academia requires consensus about broad Issues.
Few states have aformal process for developing such views.

A critical responsibility of the advisory group is to provide the framework in which
the major components of the states S&T community can convene, discuss, and forge
consensus. This consensus then forms the basis of direct and compelling communica-
tion to the executive and legislative branches of state government. The consensus sup-
ports S&T-related policy and programs and also enhances the state's ability to work in
partnership with industry, federal agencies, universities, and other states. The advisory
body would also provide the forum for consideration of the very complicated issues of
state S&T policy: performance evaluation, distribution of resources, and practical
goals.
4. Each state legislature should have access to a standing source of objective
analysis of science and technology Issues. Legislators have even less access to sound sci-
ence advice than governors.

The legislative advisory body might be legislative staff or a standing panel in a uni-
versity of a state academy of science. It should maintain links to national science and
technology resources, such as the U.S. Congress's Office of Technology Assessment
and the National Academy of Sciences. In some states, size or resource limitations
might mean that the same advisory body could serve both executive and legislative
branches; in other states, separate bodies may be practicable or desirable.
Shaping National Policy
5. The states should form a new organization to coordinate their science and
technology activities and to speak for the states indkational science and technol-
ogy councils. When necessary, states must be able to speak with a single voice to shape
national policy. The current interstate organizations for developing science and technology
positions are Inadequate to the task of developing, analyzing, and expressing unified policy
positions.

The recommended group must have the standing and the analytical capacity to
develop credible broad priorities and recommendations for the states as a body, and to
be heeded by federal agencies. A formal interstate compact, underpinned by state and
federal enabling legislation, would have these characteristics. The Education Commis-
sion of the States may be a suitable model.

The group would have several main functions. First, it would serve as the focus for
continuing exchanges of views with senior federal decision makers in both the legisla-
tive and executive branches. In the current administration, for example, it would
make regular contributions to the priority-setting proceedings of the White House's
Federal Coordinating Council on Science, Engineering, and Technology (FCCSET).
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Second, it would develop reliable sources of information to support policy devel-
opment. Precise statistics on state science and technology investments and their out-
comes would help the setting of broad natural or regional priorities and in the
management of individual state programs. It should also have the ability. to analyze
state and federal policy options. Finally, the organization should serve as a point of
access and information for federal officials, Congress, the news media, and the public.
6. States should become partners in defining the new missions and operations
of federal science and technology institutions (see page xx). Many federal technol-
ogy programs are undergoing radical change, as the nation adjusts to the reduced threat to its
security. Some of these programs and institutions offer resources that could be applied to
other important national needs. States can help give direction to search for a new mission,
through the networks of industry and universities that most have established in their technol-
ogy programs.

In seeking new industrial missions for federal programs in technology develop-
ment and diffusion, care should be taken that these successor activities serve the inter-
ests of state and federal government as well as industry. The new interstate compact
recommended earlier should be involved in these deliberations. In addition, represen-
tatives of the state should be appointed to the advisory committees of the federal ex-
ecutive and legislative branches, on which they are poorly represented now.
7. Any national strategy for diffusing federal technology to the private sector
should build on the foundations that states have already Laid. States, using their
knowledge of local conditions, have developed channels for using technology to companies,
especially the small- and medium sized ones that are most difficult to reach.

Policymakers at all levels should recognize the value of states as natural interfaces
between government and industry, and should take advantage of state programs of
technology transfer and diffusion. A national partnership, encompassing industry and
all levels of government, should be cultivated.
8. Through the recommended new coordinating and policy development organi-
zation (the interstate compact), states should work with federal agencies to plan
and hold a national summit on science and technology goals of common con-
cern. To make the most of defense conversion and other emerging opportunities, a new
federal-state partnership to apply science and technology to national goals is urgently needed.
A broadly chartered gathering of all key lades would promote wide discussion and action
on these issues.

The summit meeting, to be attended by the President, cabinet officials, governors
and members of Congress, would identify common interests and concerns of state and
federal governments, industry, and universities and develop a joint agenda. Prominent
among these interests would be the sharing of access to science and technology re-
sources, such as federal laboratories.

Mr. Chairman, thank you again for inviting me. I am open for questions.
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The Carnegie Commission on Science. Technology, and Government was created in

April 1988 by Carnegie Corporation of New York. It is committed to helping government

institutions respond to the unprecedented advances in science and technology that are trans-

forming the world. The Commission analyzes and assesses the factors that shape the relation-

ship between science, technology, and government and is seeking ways to make this rela-

tionship more effective.
The Commission sponsors studies. conducts seminars, and establishes task forces to

focus on specific issues. Through its reports, the Commission works to see that ideas for better

use of science and technology in government are presented in a timely and intelligible manner.

Additional copies of this report may be obtained from the Commission's headquarters.
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FOREWORD

State governments have long been users and generators of scientific and tech-
nological information. Since World War 11, however, the states' involvement
in science policy has been overshadowed by the rapid expansion of the fed-
eral role, first in defense and later in space and health research.

With the end of the Cold War, the economy, the environment, edu-
cation, and health care will rise to the top of the American agenda. These
are all areas in which states have traditini aly played a major role. As the
nation moves to address these issues, bot the federal government and the
states will have new roles to play, and timr relationship will be redefined
to meet the demands of a new era. In order to fulfill their responsibilities,
the states must continue to increase their competence in science and tech-
nology. New kinds of partnerships, both between states and among states,
the federal goven rme; , industry, and academia, will be necessary if the
nation is to corrce zhe problems and seize the opportunities that the future
will bring.
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This report examines the achievements of the states in managing
science and technology and recommends ways in which they can join with
industry and the federal government to address the domestic issues of the
i9gos and beyond. The report focuses in depth in one area of policy that
is well developed in many states: government-industry partnerships to sup-
port the development and diffusion of industrial technology. These programs
may be models for cooperation between government and the private sector
in other areas. They may also show the way for federal-state partnerships
that best exploit the complementary strengths of the two levels of government.

To ensure the effectiveness of the new partnership with the federal

government and industry, the report proposes the establishment of an inter-
state compact to help the states themselves decide what policies work best
in a decentralized and variegated nation. This compact will enable states
to work more easily with the federal government so that, together, they can
help reshape the relationship between science, technology, and government
in our rapidly changing world.

Science and technology are central to nearly every issue of govern-
ment policy today, and governors and legislators need sources of impartial,
expert, technical advice and analysis. The report recommends that states
increase their own technological competence by availing themselves of the
best possible S&T advice at the highest levels of government. In particular,
governors should have easy access to S&T information. Governors need a
designated science advisor who has access on a regular basis to the best sci-
entists, engineers, and physicians in the state.

We wish to thank the members of the Task Force on Science and
Technology and the States and particularly its chair, Governor Richard Celeste,
for their outstanding work.

William T Golden, Co-Chair
Joshua Lederberg, Co-Chair
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PREFACE

This report of the Carnegie Commission on Science, Technology, and Gov-
ernment was prepared by the Task Force on Science and Technology and
the States. The Commission was established in April 1988 to assess the
mechanisms by which the federal government and the states incorporate
scientific and technological knowledge into policymaking processes. The
Commission formed the task force in 1991 to study a key level of this nation's
government that, in earlier studies of the Commission, had been examined
only tangentially.

The task force held its first meeting September 9-10, 1991, in Middle-
burg, Virginia. Subsequent meetings were held March i -z6, i992, in Deerfield
Beach, Florida, and May 14, 1992, in Washington, DC.

The task force was chaired by former governor and Advisory Council
member Richard F. Celeste. The task force members were William 0. Baker,
Arden L. Bement, Erich Bloch, Lawton Chiles, DanielJ. Evans, B. R. Inman,
H. GrahamJones, Frank E. Mosier, Walter H. Plosila, Donna Shalala, Luther

Williams, Linda S. Wilson, and Charles E. Young. Christopher M. Coburn
was the staff director for the task force. Commission staff members who worked
with the task force and contributed to the development of the report were
David Z. Robinson, Maxine L. Rockoff, Jonathan Bender, and David M.
Kirsch. Thomas H. Moss also assisted the task force. The task force is grate-
ful to Harvey Brooks for his interest and invaluable insight. The final
report was drafted by Duncan M. Brown, and the manuscript was edited
by Jeannette L. Aspden.

The report is endorsed by the task force and was approved by the
Commission at its June 1992 meeting.
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SUMMARY AND RECOMMENDATIONS:
MEETING THE CHALLENGES OF
AMERICA'S THIRD CENTURY

Since the Second World War, the federal government has taken the domi-
nant role in applying science and technology to national needs. Over this
period, the Cold War made national security the prime consideration, and
it is the responsibility of the federal government to protect the nation against
military threat. More recently, three broad trends have combined to offer
new national challenges and to demand new ways of organizing the responses.
These trends are the growing national importance of science and technology;
the increasing strength of the states in managing these assets; and the end
of the Cold War, with the consequent release of resources, especially human
resources, once devoted to defense. The opportunity is to devise fresh new
responses to many national challenges, among them the reform of educa-
tion, the preservation of the environment, the promotion of economic com-
petitiveness, and the provision of health care.

These issues are largely domestic, and major aspects of all of them
traditionally fall within the purview of the states. In addition, the past 2o

F I
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years have seen increasing devolution of many of these responsibilities from
the federal to the state level.

Effective responses to these challenges will place a premium on flexi-
bility, efficient distribution of resources, and organizational entrepreneur-
ship in place of the centralized, coordinated response that was appropriate
to the challenges of the Cold War. New partnerships of federal and state
government, academic research, and private industry will be needed, and
building these partnerships will require changes in our systems and insti-
tutions of government at both levels. Many of these changes are well under
way. Some have jet to begin.

Many states, in their industrial technology programs, have demon-
*strated the ability to achieve the necessary flexibility and responsiveness,
working closely with industry and academic institutions. While these efforts
are still relatively small on a national scale, their structures provide models
of government-industry partnership that can be extended to the federal
government, and that can help shape responses to other great national
challenges.

The central issue is how to determine the most effective roles of
federal and state government. Their roles should be developed not on the
basis of which level raises (and spends) revenues, but according to their rel-
ative effectiveness in a given situation, including their effectiveness in cata-
lyzing private-sector action. Determining the appropriate balance in a par-
ticular case will require an unprecedented degree of communication and
cooperation, with consultation about needs and priorities and timely sharing
of information about programs of potential joint interest.

Ensuring effective communication and cooperation will require new
advisory and policy development mechanisms. Whether they are helping
shape national science and technology priorities or addressing closer-to-
home problems of the environment, health care, education, energy, and
economic development, states must have ways of gathering knowledge, of
learning from one another, and of putting their ideas and priorities forward
in national science and technology forums. New scientific and technological
advisory organizations will be needed at three levels:

* Within states, today's formal and informal advisory bodies will
become more significant, and their charters will have to be reshaped to in-
clude the development of broad policy positions, integrating knowledge
from many fields and from all available sources, including especially the
private sector. States will need well-defined mechanisms for mobilizing science
and technology expertise to meet strategic goals.

* Interstate organizations will be needed to support information
exchange, interstate cooperation, regional collaboration, and the develop-
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ment of opportunities for cooperation with the federal government and with
industry.

* States will need to become more heavily involved in federal policy

deliberations, both for setting broad priorities and for designing programs
that share state and federal resources. This should include representation
on federal advisory committees at all levels, from the highest national policy-
making councils to the individual laboratory. States and the federal gov-

ernment will need to work toward a partnership that reflects their potential
contributions and needs.

In creating this new partnership, the nation will draw on the vision

of great predecessors: the Founders, who defined the initial balance of state
and federal powers; the authors of the Morrill Act of i862, who melded
scientific and technological innovation with education in the state Land Grant
institutions; and Vannevar Bush, whose seminal report forged a strong and

durable link between government and science after the Second World War.

Another opportunity for a new relationship between government and science
and technology is at hand: the Cold War is ending; old assumptions about
the world are being put aside, and new truths are emerging. In a changed
and changing world, science and technology are increasingly central to effective
democracy and economic prosperity. By grasping this opportunity for re-

newal, the nation can increase its industrial competitiveness and meet the chal-
lenges of education, health care, environmental protection, and other vital
domestic coi is.

FINDINGS AND RECOMMENDATIONS

SHAPING POLICY WITHIN STATES

* Each governor should have a designated science and technology advisor

(see pages 2.4-2.7). Governors are increasingly called upon to make decisions
that have scientific and technological dimensions. However they generally
lack staff sources of science and technology advice and assessment.

Each governor's science and technology advisor should act as a focal

point for advice on the full range of scientific and technological issues that
a governor faces, including health care, environmental quality, telecom-
munications, and science and technology for economic development. The
science and technology advisor should serve on the governor's executive ad-
visory team, as a trusted source of objective advice, integrating the views

and knowledge of experts in academic institutions, industry, and elsewhere
throughout the state and the nation. This official would have several im-
portant functions:
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* Bringing knowledge of science and technology to bear at the
highest level of decision making in the state

* Helping the governor respond quickly to emergencies by as-
sembling the appropriate experts

* Serving as liaison with the science and technology community
in industry, federal agencies, and universities

* Each state should have an independent science and technology advisory
body (see pages 26-2-7). No state has the benefit of a sufficiently well-
organized process for developing broad, comprehensive positions on issues
that involve science and technology, such as economic development, health,
and environmentalprotection. Sound decision making about ma/orpublic
issues requires such a process.

Such a group, with members representing all elements of the science
and technology community in the state, should be charged with providing
broad views on key policy challenges. With its help, the governor, legisla-
ture, and the public would be able to engage science and technology leaders
from throughout the state in their efforts to respond to technological change
and promote technological competence. The body would also provide con-
tinuity and institutional memory, bridging political cycles.

The group should be independent and representative and should
have access to the science and technology community. In some states, an
existing organization, such as a state academy of science, might serve this
advisory function.

* The proposed state advisory body should develop and periodically up-
date a vision of science and technology's role in meeting the state's strategic
goals (see pages z6-2-7). Partnership between government, industry and
academia requires consensus about broad issues. Few states have a formal
process for developing such views.

A critical responsibility of the advisory group is to provide the frame-
work within which the major components of the state S&T community can
convene, discuss, and forge consensus. This consensus then forms the basis
of direct and compelling communication to the executive and legislative
branches of state government. The consensus supports S&T-related policy
and programs and enhances the state's ability to work in partnership with
industry, federal agencies, universities, and other states. The advisory body
would also provide the forum for consideration of the very complicated is-
sues of state S&T policy: performance evaluation, distribution of resources,
and practical goals.
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* Each state legislature should have access to a standing source of objective
analysis of science and technology issues (see page 2.7). Legislators have even

less access to sound science advice than governors.
The legislative advisory body might be legislative staff or a standing

panel in a university, a state academy of science, or another institution with

broad scientific and technological capability. It should maintain links to
national science and technology resources, such as the U.S. Congress's Office

of Technology Assessment and the National Academy of Sciences. In some

states, size or resource limitations might mean that the same advisory body

could serve both executive and legislative branches; in other states, separate
bodies may be practicable or desirable.

SHAPING NATIONAL POLICY 4

* The states should form a new organization to coordinate their science and

technology activities and to speak for the states in national science and tech-
nology councils (see pages 2-7-2.8). When necessary, states must be able to

speak with a single voice to shape national policy. The current interstate

organizations for developing science and technology positions are inade-
quate to the task of developing, analyzing, and expressing unified policy
positions.

The proposed group must have the standing and the analytical

capacity to develop credible broad priorities and recommendations for the
states as a body, and to be heeded by federal agencies. A formal interstate
compact, underpinned by state and federal enabling legislation, would have
these characteristics. The Education Commission of the States may be a suit-
able model.

The group would have several main functions. First, it would serve

as the focus for continuing exchanges of views with senior federal decision
makers in both the legislative and executive branches. In the current ad-

ministration, for example, it would make regular contributions to the priority-

setting proceedings of the White House's Federal Coordinating Council for

Science, Engineering, and Technology (FCCSET).
Second, it would develop reliable sources of information to support

policy development. Reliable statistics on state science and technology in-
vestments and their outcomes would help both in the setting of broad

national or regional priorities and in the management of individual state
programs. It should also have the ability to analyze state and federal policy

options. Finally, the organization should serve as a point of access and in-
formation for federal officials, Congress, the news media, and the public.
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* States should become partners in defining the new missions and opera-
tions of federal science and technology institutions (see pages 47-50). Many
federal technology programs are undergoing radical change, as the nation
adjusts to the reduced threat to its security. Some of these programs and
institutions offer resources that could be appliedto other important national
needs. States can help give direction to the search fora new mission, through
the networks of industry and universities that most have established in their
technology programs.

In seeking new industrial missions for federal programs in technology
development and diffusion, care should be taken that these successor ac-
tivities serve the economic interests of state and federal government as well
as industry. The new interstate compact recommended earlier should be
involved in these deliberations. In addition, steps should be taken to in-
crease state representation on the advisory committees of the federal exec-
utive and legislative~ranches.

* Any national strategy for diffusing federal technology to the private sector
should build on the foundations that states have already laid (see pages 38-
46). States, using their knowledge of local conditions, have developed chan-
nelsfordiffusing technology to companies, especially the small and medium-
sized ones that are most difficult to reach.

Policymakers at all levels should recognize the value of states as nat-
ural interfaces between government and industry, and should take advantage
of state programs of technology transfer and diffusion. A national partner-
ship, encompassing industry and all levels of government, should be cultivated.

* Through the recommended new coordinating and policy development
organization (the interstate compact), states should work with federal agen-
cies to plan and hold a national summit on science and technology goals
of common concern (see page 46). To make the most of defense conversion
and other emerging opportunities, a new federal-state partnership to apply
science and technology to nationalgoals is urgently needed. A broadly char-
tered gathering of all key leaders wouldpromote wide discussion and action
on these issues.

The summit meeting, to be attended by the President, cabinet
officials, governors, and members of Congress, would identify common in-
terests and concerns of state and federal governments, industry, and uni-
versities and develop a joint agenda. Prominent among these interests would
be the sharing of access to science and technology resources, such as federal
laboratories.
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HISTORIC DECISIONS

History occasionally offers this nation an opportunity to renew its institu-
tions. In the past, there have been two such turning points in the relation-
ship of government with science and technology. The first, the enactment
of the Morrill Act of i862, created the land grant colleges, whose "leading
object" was to teach subjects related to agriculture and "the mechanic arts,'
or technology. The second watershed was Vannevar Bush's historic 1945 re-
port, Science-The Endless Frontier, which held that "Science is a proper
concern of government."' That report opened a chapter in the federal
government's relations with science that will never be closed. The National
Institutes of Health, the Office of Naval Research, and the National Science
Foundation were founded as a result of the proposals made in that report.
Thanks to the undoubted success of those agencies, and others that followed,
many Americans-and probably most scientists-today view the funding
of basic research as a natural role of government, nearly as fundamental
as any of the functions enumerated in the Constitution.
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In 1945, however, such a role was revolutionary. Bush's position was
opposed by many experts, and his proposals were debated heatedly by Con-
gress for years. The proposals matched the revolutionary times: one war,
in which applied science had played an heroic role, had ended. Hopes were
high that science could be equally heroic in peacetime, revealing the work-
ings of the universe, conquering disease, reducing poverty, and solving a
wide array of social problems. A darker side of that revolutionary period
was the world's gradual descent into what became known as the Cold War;
here the hope was that science and its applications would hold world war
at bay. In both cases, those hopes have been rewarded.

THE FEDERAL-STATE BALANCE, PAST AND FUTURE

The historic balance of federal and state government, devised by those who
founded the Republic, will respond to these revolutionary changes. For two
generations the balance in the realm of science and technology has been
heavily weighted toward the federal government. This balance was appro-
priate to the task that dominated the national agenda, namely responding
to the challenges of the Cold War. However, with the end of the Cold War,
the demands of national security have lost their primacy. Today's challenges-
better schools, more efficient and accessible health care, refurbished public
infrastructure, a cleaner environment, and firms that are more competitive
in world markets-require the striking of a new balance. All demand na-
tional responses, but these responses cannot be the nearly exclusive province
of one level of government, or, indeed, of the public sector. They require
partnerships between the public and private sectors and between federal
and state governments. While the balance will vary depending on the issue
at hand, it will generally involve the states more deeply and intensely than
at any point in the past half century. These adjustments will require changes
in our systems and institutions of government, both federal and state. Many
of these changes are well under way. Some have yet to begin.

The balance of federal and state roles is a great issue. But the founders
of our nation devised this balance with sufficient flexibility to offer scope
for self-renewal. Working together, we can evolve a vision of the future to
match our opportunities.

NEW ROLES FOR THE STATES

In the late 1940s, the debate revolved around the appropriateness of a new
federal role in research. This time it involves new roles for the states, too,
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in maintaining the national capability in science and technology and in

pursuing industrial excellence, environmental quality, health care, educa-

tion reform, and other domestic goals. The states are growing strong and

sophisticated enough, many believe, to take a greater, more independent

role in pursuing these peaceful but still fundamental national goals.

The states have developed these strengths through decades of con-

fronting issues with science and technology implications. The Morrill Land

Grant Act of i862 produced a strong federal-state partnership that built

great universities, universities that became a vital source of technology. In

particular, the agricultural extension system carried the benefits of research

to the end of every farm road in the nation. Over the years, problems of

agriculture, resource management, and transportation, as well as higher

education and graduate research, gave the states further experience in

managing and exploiting science and technology.
Higher education has been a major channel for states' contributions

to the nation's science and technology needs, through education, research,

and public service. It continues to offer important opportunities for invest-

ment and for cooperation with the federal government. However, the task

force saw a comprehensive review of this subject as beyond its scope.
The past two decades have added challenging issues of environ-

mental planning, health care, energy, and a new model of technology-based

economic development based on cooperation between industry and govern-

ment. As a result of this experience, the states are well prepared today to

take a more active role in meeting the nation's domestic needs. Their tra-

ditional domestic concerns have become the national concerns of the i9gos.
As a model for developing responses to these national concerns, the

task force focused on one of them: the application of science and technology

to economic competitiveness. Meeting this challenge will require a balanced
national response with significant roles for the states and the federal gov-

ernment, as well as the private sector. The nation cannot rely on the heavily

centralized structure used during the Cold War. That challenge, which de-

manded a single tightly coordinated response, was greatly different from

today's.
States, in their industrial technology programs (see Chapter 2), have

demonstrated decentralized structural approaches that can ensure the rapid

responses, efficient distribution of resources, and organizational entrepreneur-
ship that today's national challenges and those of the future will demand.
While these programs are still small on a national scale, their decentralized

structures and their close cooperation between government and industry
give them a natural role in any national effort to improve industrial com-

petitiveness. Experience gained by states in promoting their own industrial
competitiveness can be extended to enhancing the nation's industrial com-

petitiveness in a changing world.
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States compete with one another for some kinds of resources (no-
tably the siting of large employers). They are learning to cooperate as well
in developing the economic and educational infrastructure through which
regional and national growth can take place. While healthy competition
will continue, in itself it cannot guarantee future economic success.

Industrial competitiveness is only one of the great challenges facing
the nation. On such issues as transportation and health, several states have
undertaken bold initiatives-for example, fundamental changes in access
to health care and new mass transit programs designed to yield economic
and environmental benefits. A balanced federal-state response to the chal-
lenge of industrial competitiveness will set an example that will help shape
responses to other national challenges. The central issue is how to determine
the optimal roles of federal and state government. These new roles should
be based not on which level raises (and spends) revenues, but on which
level is most effective at specific tasks, including catalyzing private sector action.

STATES AND THE PRIVATE SECTOR

The private sector has a significant stake in the resolution of many of the
issues targeted by the federal-state partnership. This means that the private
sector will be involved in the partnership in a new way. The key understanding
on which the state programs have been built is that it is in the private sector
that the program outcomes accrue -it is here that new jobs and new wealth
will be created.

Access to industry is the state technology programs' greatest strength.
These programs are joint activities of government, industry, and academia
to promote technology development and technology transfer and to share
experience of markets and economic conditions. Through these activities
they provide channels to the market for the products of academic and public
sector research programs.

For these reasons, the federal-state technology partnerships will in-
volve the private sector in nearly every program decision, from the technology
emphases of joint research centers to the nature of training and education
programs.

SCIENCE AND TECHNOLOGY ADVICE FOR THE STATES

The states have recognized a growing need for scientific and technical advice
as they are increasingly forced to address issues that would, a few years ago,
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have presented almost unimaginable technological complexity. In addition
to the problems of industrial competitiveness, these issues include environ-
mental protection and health care, which have been shifted by federal ac-
tion to the states. Many complex policy problems lie at the intersections
of these issue areas.

Some states have arranged for high-quality advice, but often only
as an afterthought or in response to emergencies. In other states, decision
makers have no single reliable source of such information and must depend
on informal sources. Good sources of advice enable decision makers to inter-
pret scientific and technical information from agencies and advocacy groups,
to balance conflicting claims, and to weigh alternatives objectively. Without
such advice, governors and legislators must interpret scientific and technical
information using criteria such as familiarity or trust in the agency or group
advocating the position, the packaging of the information, or its perceived
relationship to other technical issues. It is critical that states develop their
own systems, especially at the gubernatorial and legislative levels, to ensure
the flow of advice from the broad science and technology community into
the state government at its highest decision-making levels.

A NEW FEDERAL ROLE

The framers of the Constitution of the United States defined the new nation
in the balance between the 13 states and the new federal republic. During
the Cold War, that balance was heavily weighted toward the federal gov-
ernment. Recent developments on both the international and domestic scenes,
however, require a balance closer to the original. That balance will no doubt
shift again as states and the federal government join in various ways to re-
spond to the challenges of the i99os and the next century.

A new federal-state partnership will require the federal government
to play a new role, very different from the one it has been forced to play
for the past so years. In the case of economic competitiveness, new federal
leadership roles have begun to take shape. The White House's Federal Co-
ordinating Council for Science, Engineering, and Technology (FCCSET) has
suggested a policy of federal funding for applied research in areas such as
high-performance computing, biotechnology, and advanced materials and
processing., The National Science Foundation (NSF) and the U.S. Depart-
ment of Commerce have established programs of research in "precompeti-
tive" or "generic" technologies.}

These initiatives may be viewed as the first expressions of a new
direction for federal policy, which could serve as the basis for the transfor-
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mation of the federal-state partnership. The nation must go much further
if it is to achieve its domestic goals, from reinvigorating the economy to
improving access to health care. A firm partnership must be based on shared
interests, shared information, and clearer ideas of the respective roles of state
and federal government.

Federal research and development programs command resources of
technology, personnel, and facilities that should be valuable assets for the
nation. Indeed, for many years federal agencies have sponsored an extra-
ordinarily large proportion of the nation's research and development, in-
cluding industrial R&D, but success in bringing the results of government-
sponsored R&D to the marketplace has been spotty. States can help increase
the return on this huge investment, especially through their partnership
programs with the private sector.

The defense conversion process now beginning represents a funda-
mental transition for the United States, industrially, technologically, and
culturally. While federal and state governments must join with industry to
effect this transition, the federal government will clearly be the leading gov-
ernment partner, because it established and funded the multitrillion-dollar
defense effort. But to conduct defense conversion as an exclusively federal
program, to treat it like national defense programs themselves, would be
a fundamental error. Converting the defense base into a civilian industrial
tool requires engaging industry in new and innovative ways throughout the
United States. The private sector cannot be effectively galvanized from a
single point in Washington, DC. Its involvement must reflect the diversity
of the U.S. industrial base and the rapid change it is now experiencing. States
bring indispensable assets to the partnership, in the form of industrial con-
tacts and local knowledge.

S&T AND THE STATES: GROWING CAPABILITIES,
GROWING NEEDS

The evolving federal-state partnership must have the flexibility and respon-
siveness to recognize and pursue new opportunities. Both parties must commit
themselves to sharing in the benefits of the partnership's initiatives. States
have already created varied programs to further this role. Many, for example,
have well-established programs in precisely the technology-related areas only
now being identified as national priorities, such as biotechnology, advanced
materials, computers, and communications. This capability complements
the technological competence that states have been forced to develop as
they assume program responsibilities from the federal government in areas
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such as the environment, energy, and health care.4 Many of these new state
responsibilities have strong science and technology implications.

States have been building the capacity for this partnership for many
years, beginning nearly a century before Vannevar Bush's 1945 call to na-
tional renewal through science, with the i86i Morrill Act. That act created
a historic federal-state partnership that helped states establish their Land
Grant institutions and defined their vital interests in research and technology.
Since then, states have built, staffed, and equipped universities. They have
funded research in agriculture, resource conservation, education, transpor-
tation, and other areas of state responsibility (some states have even funded
basic research). They have supported higher education in the sciences and
engineering, to improve their business environments and research capabil-
ities. Since the 1970s, they have assumed new obligations for science- and
technology-intensive missions such as environmental enforcement, health
care financing, and education reform-often as a consequence of new fed-
eral requirements.

In the early 1980s, several industrial states, suffering a deep and in-
tractable manufacturing recession, formed new partnerships with industry
and academic researchers, aimed at building economic strength through
the development and deployment of technology. These grassroots programs
were so successful that they have been widely replicated throughout the
nation. States share research costs with industry, award grants to technology-
oriented firms, and offer technical advice and business services to industry.
States rely on industry to make technological investment decisions. Most of
the programs are funded under economic development programs, but some,
such as Texas's $3o-million-a-year Applied Technology and Research Fund,
are supported through higher education systems They depend heavily on
universities for research, and this dependence has led to the strengthening
of academic research in fields relevant to industry. The great public univer-
sities - legacies of the Morrill Act -have been a mainstay of these programs.

As a rule, the programs give industry the deciding vote in invest-
ments: initiatives are supported only if industry signals its commitment by
providing significant cost-sharing. In this way, states avoid putting them-
selves in the position of trying to "pick winners." Success depends on main-
taining close ties with industry, to help reveal both broad economic oppor-
tunities and specific company needs. With their new technology programs,
National Academy of Sciences president Frank Press has said, the states "rec-
ognized the missing link that weakens our innovative strength," displaying
'a greater awareness of the way the world is going than you find in many
places in Washington."67 In the aggregate, writes another observer, the
state programs are "probably as close to an industrial policy as we will see
in the U.S."'
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Science and technology in state government goes far beyond indus-
trial competitiveness. It is a nearly pervasive element in the daily decisions
of state policymakers and program managers. In many policy areas, such
as radioactive waste management, utility regulation, and health care strate-
gies, the scientific and technical aspects are recognized in decision making.
In other fields, such as the empirical analysis and behavioral research under-
pinning social policy, they are not so clearly recognized. Only a few states
have get out deliberately to create systems of technical and scientific advice
to support decision making. Even in those states, the advisory systems are
specialized, generally with a focus on industrial technology activities, with
little scope to integrate and interpret information across wider ranges of
issues. Arrangements for advice should become more formal and better in-
tegrated, as the advantages of technology advisory bodies are more widely
recognized. (See Chapter L for a detailed discussion of this central issue.)

REDEFINING AMERICAN FEDERALISM

From this process of renewal and redefinition will emerge a new partnership
between the federal government and the states. States will play increasingly
important roles in the national science and technology system. As they interact
more and more with that national system, they will need to work both in-
dividually and collectively to develop and influence national policy. The
states themselves, with their industrial and academic partners, must take
the initiative in this effort to redefine American federalism, for only through
a true partnership of federal and state governments, with the full involve-
ment and support of the private sector, will this effort succeed.9
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TO USE SCIENCE AND TECHNOLOGY

To be effective in their new partnership roles, states will need new advisory

and policy development mechanisms. Whether they are helping to shape

the national debate or addressing closer-to-home problems of the environ-

ment, health care, education, energy, and economic development, states

must have ways of gathering knowledge, of learning from one another, and

of putting their ideas and priorities forward in federal science and technology

deliberations. New scientific and technological advisory organizations will

be needed at three levels:

* Within states, today's formal and informal advisory bodies will

become more important, and their charters will be reshaped to give states

well-defined mechanisms for mobilizing science and technology expertise

from government, industry, and academic institutions to meet strategic goals.

* Interstate organizations will be needed to support information

exchange, interstate cooperation, regional collaboration, and the develop-

ment of opportunities for federal-state cooperation.

F___1_
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* States will become more heavily involved in federal policy delib-
erations, both in setting broad priorities and in designing programs that
share state and federal resources. The states will need to be represented on
federal advisory committees at all levels, from the highest national policy-
making councils to the individual laboratory. They will need to work toward
a balance of influence that reflects their potential contributions.

One challenge of the emerging partnership will be for state pro-
grams to retain their valued flexibility and creativity-and their ties to
industry-while at the same time maintaining stable relations with other
agencies at both federal and state levels. To achieve this balance, states will
need leadership and vision. The states' federal partners will need to make
due allowance for states' diversity and innovativeness, seeking joint objec-
tives rather than imposing rigid requirements. On the most fundamental
issues of federal-state relations in science and technology, states need to
work toward consensus, even while fostering diverse points of view in many
areas of policy. In this way, states can bring their full political strength to
national policy deliberations.

SCIENCE AND TECHNOLOGY ADVICE FOR GOVERNORS
AND LEGISLATURES

In the past decade, governors have increasingly required reliable science and
technology advice, on topics ranging from solid waste disposal to materials
science and manufacturing. Science and technology are now part of everyday
decision making in each state. The 1980s saw a shift to the states of respon-
sibilities previously considered federal, including many aspects of environ-
mental management and health care. These reallocations of responsibilities
coincided with the increasing complexity of traditional state issues and the
burgeoning movement to promote technology-based economic develop-
ment. As these responsibilities have mounted, the old informal state-level
channels of communication with the science and technology community
(university and business leaders, cabinet officers, and so on) have become
more organized and, in many states, have focused on strategic questions,
and new sources of advice are being developed.

ADVICE FOR GOVERNORS

Governors, in particular, often face competing claims, whose resolution re-
quires science and technology advice that is reasonably independent of the
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narrow interests of a given industry or of a set of state and federal agencies.
Every governor needs a trusted advisor in his or her inner political circle
who can help synthesize the scientific and technical aspects of policy issues
into concrete options. Several kinds of conflict that may involve science and
technology issues arise in every governor's work:

* Conflicts between agencies. The state department of transporta-
tion, planning a highway, assures the governor that wetland protection mea-
sures are adequate. The natural resources department disagrees. Both cite
scientific and technical analysis in support of their positions. What is the
best decision?

* Citizens' safety and health concerns. A citizens' group petitions
the governor on the safety of a nuclear reactor. The owner claims adherence
to federal standards to show that the reactor is safe. Are federal standards
actually being met? If federal standards are being met, are they adequate?

* Conflicts with other states. One member of a regional low-level
radioactive waste compact agrees to provide the region's waste site. The site,
near the border of another member state, raises citizen concerns in that
second stare. The first state argues that geological and other analysis was
sufficient. The second state's governor must decide how valid the safety con-
cerns are and what options are available under prevailing environmental
standards and existing contracts.

* Conflicts with federal agencies. State investigators find violations
of environmental law at a federal research or defense production facility.
What are the risks associated with those violations? What legal options are
available?

In most states, the first formal state advisory bodies were established
in the 196os, with funds from the U.S. Department of Commerce's State
Technical Services (STS) program. (New York formed its own advisory unit
in 1963.10) Many states used STS funds to create science and technology
commissions and advisory offices, to help policymakers address issues such
as pollution, solid waste disposal, and energy. The program was canceled
in 1969.'

In another initiative to help states address the growing number of
problems that involved science and technology, Congress in 1977 authorized
the National Science Foundation to establish the State Science, Engineering
and Technology (SSET) program. SSET was intended to support state legis-
latures and governors in their efforts to develop and implement S&T plans.
In all, 49 governors and 42. legislatures applied for and received SSET plan-
ning grants. The planning stage ended in 1979, but federal funds for im-
plementation grants never materialized. Of the state organizations charged
with overseeing the planning, only two, the New York State Science and
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Technology Foundation and the North Carolina Board of Science and Tech-
nology, still exist today.

The new wave of advisory organizations now being established, how-
ever, is not the result of federal perceptions of state needs; rather, the states
themselves have taken the lead. Each state has arranged for science and tech-
nology advice in its own way. In the areas of health and the environment,
governors generally rely on directors of the responsible departments for advice.
Sources of advice on technology for economic development are far more
varied; a recent National Governors' Association (NGA) study places them
in four categories":

* Science advisor. A few states have formally designated science ad-
visors, who generally report directly to the governor and are expected to
mediate between the governor, the legislature, the science and technology
community, and often the public and news media. State science advisors
often serve also as directors of technology development agencies.

* Program director. Many states have housed their technology pro-
grams in economic development or commerce departments. In that case,
the governor usually relies on the cabinet official responsible for that or-
ganization for science and technology advice.

* Independent organization. Many states have created independent
organizations to plan and carry out their technology strategies. These bodies
have boards made up of senior representatives from industry, academic in-
stitutions, and government, and are largely state-funded. The states main-
tain a degree of control, usually by appointing specified members to the
boards.

* Informal network. Almost all governors rely on networks of varied
contacts throughout their states for advice, whether or not they have a formal
advisory apparatus. In a few states such informal channels are the sole source
of advice, sometimes supplemented by special committees established to
consider specific issues.

The precise form of the advisory organization aside, few governors
have a single source of advice that can interpret and focus information from
across the range of relevant scientific and technical fields. This lack of a single
point of contact with the science and technology community raises concerns
about the management of individual programs and about the cooperation
among different state programs. For example, few governors are equipped
to consider health care reforms in light of their impact on state economic
development strategies. Rarely do environmental and health policy leaders
work together to address problems of joint concern.

To the extent that a state intends to formulate long-term policy,
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to work with other states, or to interact with federal agencies, it will need

increasingly formal and comprehensive advisory resources. Each governor

should be able to call on a single reliable and well-defined mechanism that

can transmit the knowledge and views of the broad science and technology

community, in academic institutions, industry, and government.

ADVICE FOR LEGISLATURES

Legislatures need advice, too. At the federal level, Congress established the

Office of Technology Assessment in 1971 as a source of technical advice in-

dependent of the Executive Branch. State legislators have small staffs and

generally serve part-time. As states assume a greater role in national science

and technology policy deliberations, legislatures will increasingly be called

upon to make important decisions in this realm, and they are likely to need

legislative science advice offices. Several of the larger states have already es-

tablished such organizations. The not-insubstantial costs of setting up and

maintaining an office or an advisory body might be borne better by sharing

these services with other states, either regionally or through a national network.

The very nature of legislative bodies imposes different requirements

on the provision of scientific advice. In the executive branch, there is ulti-

mately a single decision maker, but in legislatures there are many, and they

are divided by party affiliation, regional interests, committee assignment,

and personal idiosyncrasy. Given these factors, and others, ensuring that

state legislators have access to adequate scientific and technical information

and advice is a complex and challenging task. Some states may find a joint

executive-legislative advisory mechanism practical; in others, the two func-

tions can be separate.

INTERSTATE CHANNELS OF COMMUNICATION

States began to establish interstate channels of communication on technology

matters in the early 1980s, as the success of North Carolina's pioneering

program became obvious. They have maintained and strengthened these

channels since, generally using the National Governors' Association as the

forum for discussions.
In 1981, the NGA Task Force on Innovation was established under

the leadership of Edmund G. (Jerry) Brown of California and William Milliken

of Michigan. The first attempt at a network of governors' offices, it produced
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a seminal report that reviewed state activities aimed at encouraging tech-
nological innovation.,' The task force was later chaired by GovernorsJames
Hunt of North Carolina and Richard Thornburgh of Pennsylvania. In 1985,
it was succeeded by the NGA Working Group on State Initiatives in Applied
Research, initiated and chaired through 199o by Governor Richard Celeste
of Ohio. This group continues in operation as the Science and Technology
Council of the States, chaired by Governor Mario Cuomo of New York. As
of 1991, every state is represented on the Council.'4"s

The NGA remains vital for exchanges of information and develop-
ment of alternatives in the area of science and technology. Through the Science
and Technology Council of the States, governors have helped each other
refine their approaches to technology-based development and have begun
to make their voices heard nationally on these issues.

Yet the national effectiveness of this organization is limited by its
reliance on consensus and its part-time nature. A dedicated institution that
can set priorities and follow them through over a period of years is needed;
such an institution would also provide analytical support to state decision
makers. The goal is to create a national science and technology focal point
for states as they confront new challenges. Only in this way will states be
able to act as true partners in promoting national economic competitive-
ness. That goal argues for an effective and professional independent orga-
nization that can serve as a locus for discussions, collect and disseminate
information, provide interpretation and analysis, and maintain a strong cor-
porate memory. Such an organization should bring together all the impor-
tant parties to state programs, including representatives of industry, legis-
latures, universities, and nonprofit research organizations. An interstate
compact, with a statutory basis in both state and federal law, may offer the
appropriate combination of persistence, independence, and inclusiveness.
Such an organization should also lend itself to interacting with federal agen-
cies, programs, and policymakers, by providing a single source of informa-
tion and access to state technology leaders.

HARMONIZING FEDERAL AND STATE ACTIVITIES

Federal-state cooperation requires the two levels of government to share
information about goals, while leaving room for states' diversity and inno-
vation. It will require a growing volume of two-way communication. States
will have to communicate their needs and priorities directly to federal agencies
in many fields of science and technology, with regard to many different fed-
eral and state programs. Federal programs will need to consult states about
programs of potential joint interest. For this process to be successful, states
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will require an organization that can promote at the federal level the pri-

orities and policies developed by the states in their interstate science and

technology deliberations.
In an attempt to meet this need, the Intergovernmental Science,

Engineering, and Technology Advisory Panel (ISETAP) was established in

1976 (see Box i). ISETAP was intended to involve state and local govern-

ments more deeply in federal science and technology strategies and pro-

grams. It reported to the White House and was co-chaired by the President's

Science Advisor. The organization devoted its first few years to workshops

and other activities aimed at identifying high-priority problems. It was

abolished in early 1981, before it could embark on the next stage: addressing

those problems. 6

Several general criteria should be considered in creating the new

national partnership and establishing state-federal program cooperation:

The program's position on the research and development spec-

trum. Research near the "basic" end of the spectrum is likely to be the re-

76-206 0 - 94 - 3

Box 1. Early Attempts at Cooperation

Before the 1980s, moves to harmonize federal and state science and tech-
nology activities were few and ineffective. Federal programs were expanding,
as federal agencies assumed wider roles in the economy. States had little
to tell federal agencies, and the agencies had little incentive to listen.

The short-lived Intergovernmental Science, Engineering, and Technology
Advisory Panel (ISETAP), established by federal law in 1976, was charged
with identifying technical problems important to states and localities, and

directing federal aid to their solution. Frank Press, President Carters Science
and Technology Advisor, commented in 1977:

If science and technology are to benefit our people more effectively, a better R&D
partnership must be established between the Federal Government and the States,
counties, and cities. Properly designed and directed toward State and local needs,
federally supported R&D could help to protect regional and local environments,
reduce demands on energy and various natural resources, and improve delivery
of State and local services....

Governors, mayors, state legislators, and country and local officials have far better
ideas of the problems and the needs of their communities than do Washington
officials. They should have more of an input into the decision making that results
in Federal R&D budgets in the civilian sector.

The panel, with an impressive roster of federal, state, and local officials,
was co-chaired by the President's Science Advisor and a governor. It was
abolished in 1981, with the change in administration, before it could become
a force for cooperation.
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sponsibility of the federal government, and work at the more "applied" end,
that of the states and industry. There is considerable overlap, however.

* The program's national or local scope. Benefits of national scope
may deserve federal support. More localized benefits are likely to be of in-
terest to states.

* The potential benefits of the program to the state and federal
partners. Once a decision has been made to cooperate, the extent of involve-
ment in a program should reflect the benefits that each partner expects to
realize from it.7

For these criteria to be met in practice, states and federal agencies
will need to discuss their relations frankly and freely. The appropriate forum
for these discussions remains to be created. The National Governors'
Association-through the Science and Technology Council of the States-is
today the most prominent forum for governors wishing to affect national
science and technology policy. While vitally important, the group is effec-
tively a committee, and its organization is too informal to allow it to exert
consistent influence on policy.

Another valuable but limited channel of communication is the Na-
tional Research Council's Government-University-Industry Research Round-
table (GUIRR), composed of senior federal research officials and represen-
tatives of industry and universities. In 1988 GUIRR established a subcommittee
on federal-state dialogue, which has tried to promote increased federal-
state understanding in science and technology initiatives.' The group, how-
ever, is barred by its charter from actively advising government.

SHARED GOALS, SHARED INVESTMENTS:
FEDERAL-STATE COOPERATION IN EDUCATION

One promising example of state-federal cooperation in pursuit of compre-
hensive change in a field with science and technology implications is the
National Science Foundation's Statewide Systemic Initiative (SSI) program
of education grants (see Box 2.). SSI awards federal funds to states over periods
of several years, in return for the states' agreement to pursue education goals
that they set themselves (so long as the goals meet certain minimum stan-
dards). SSI is significant for three reasons: it recognizes the diversity of the
states, it entails a long-term joint commitment of federal and state agencies
in pursuit of shared goals, and it allows substantial flexibility in the design
of each specific state-federal relationship. These features suggest the hall-
marks of successful federal-state relationships in other areas involving science
and technology.
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Nevertheless, SSI is at its core a federal program. States are free to

compete for grants or not, but the program's educational standards are im-

posed by NSF, and states had no influence on the fundamental program

design. It should be considered, not as a model for future cooperative activity,

but as a step in the right direction.

NEED FOR INFORMATION

A productive partnership will depend on a full understanding by each party

of the other's activities. Federal agencies have sometimes failed to consult

states about projected activities, as noted earlier. The lack of information

on state science and technology initiatives is also an obstacle to harmonizing

state and federal policies. Federal and state policymakers and program man-

agers, for example, do not have accurate, current data on the goals or out-

Box 2. NSF's Statewide Systemic Initiative: Honoring-the
Diversity of the States

The National Science Foundation's Statewide Systemic Initiative (SSI) is a
program of competitive grants to states, intended to give all students a better
chance to acquire the skills and mental habits of mathematics and science.
Described by NSF as an experiment in intergovernmental cooperation, SSI
brings federal and state government together in pursuit of joint goals. It
capitalizes on states diversity by building on existing state programs and
meeting state-defined needs.

Each participating state develops its own 'coordinated action plan" for
improving elementary and secondary math and science education. Before
NSF will review the plan, it must be endorsed by the governor as well as
the chief state school officer and the commissioner for higher education.

NSF offers states great latitude in selecting their own approaches. A state
may designate a university, a private organization, or a state agency to apply
on its behalf. The action plans are tailored to the specific resources and needs
of thn states.

NSF grants (of up to $2 million a year) are awarded for periods of five
years. The first year's awards, in 1991, were made to 10 states (Connecticut,
Delaware, Florida, Louisiana, Montana, Nebraska, North Carolina, Ohio,
Rhode Island, and South Dakota). A second round of grants was announced
in the spring of 1992.

NSF hopes that these relatively small grants will encourage the par-
ticipating states to focus more clearly on math and science education and
make fundamental improvements in teaching.

In addition to the five-year grants, the SSI program will offer technical
assistance to all states interested in improving their science and mathematics
education.
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comes of the state industrial technology programs (these programs are dis-
cussed in Chapter 3). They may find it hard to identify whom to contact,
or even where to obtain basic information. Under these conditions, coop-
eration is obviously difficult.

Good information is scarce largely because the state programs are
so diverse and adaptable. The programs pride themselves, after all, on their
flexibility and entrepreneurial nimbleness. They were founded, and are sup-
ported, with varied goals, and their design varies accordingly. The powers
and degrees of centralization of the agencies that operate the programs also
vary. While flexibility and variety are generally considered signs of vitality,
they can also be barriers to mutual understanding. An illustration of this
effect is the fact that neither states nor analysts of the programs have arrived
at consistent definitions of such basic terms as "research,' "technology transfer:'
and "seed capital," which are often used to designate state programs intended
to improve industrial technology.29. (This problem of taxonomy is also seen
in federal technology programs, where it raises similar problems in program
evaluation.)

Some observers believe that most of the available studies of state
programs overemphasize aggregate state-level data. These studies attempt
to total the sums states spend on various categories of activities, such as re-
search centers or technical extension services, without investigating the different
activities associated with such spending. For true cooperation, state and fed-
eral policymakers need much more precise information on the activities and
outcomes of state programs. NSF researcher Lawrence Burton has called for
detailed, state-by-state data on "technology resources and relationships:'
rather than simple spending totals.,, To mount the kind of comprehensive
study that would produce such data, however, would require leadership,
and sufficient funds.

STAYING POWER

Each participant needs to assess the other's capability to maintain a long-
term commitment. For instance, many federal programs have been charac-
terized by short-term considerations; more recently, however, emphasis has
been placed on longer-term commitment. Federal policymakers also must
make judgments about the state programs' political stability (and thus their
reliability as partners). Among the difficult questions that need answering
is whether political support in a given state is solid enough to warrant long-
term commitments by the federal government or private industry. State
officials, it should be emphasized, need similar assurances from the federal
side. In both cases, these commitments are subject to political cycles.
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The stability that a strong state commitment can bring to a federal

program is illustrated by the experience of the NSF Science and Technology

Center in Advanced Liquid Crystalline Optical Materials (ALCOM), estab-

lished at Kent State University in Ohio in 199o under an agreement calling

for cost-sharing by the state. Adjustments in the NSF budget reduced the

federal share for the first year and the shortfall called into question the center's

viability. The state of Ohio, however, came forward with its full share, so

that the ALCOM center could begin operating immediately at nearly full

capacity. Hi
Similarly, a steady federal commitment can stabilize state programs.

The Statewide Systemic Initiative education reform program of NSF, with

its five-year funding cycle, is a promising attempt at promoting sustained

state efforts in the field of education.a'

NEW FUNDING ARRANGEMENTS

Better federal-state cooperation in health, environment, economic competi-

tiveness, education, and other science- and technology-intensive areas de-

mands better-organized funding. The expected reordering of priorities and

reallocation of responsibilities will probably not require additional appro-

priations; rather, efficient reallocation of current resources and optimal dis-

tribution of roles are called for. In order to achieve this level of efficiency,

state and federal governments must plan and budget for national needs

together, seeking opportunities for joint investments.

The most pressing need, perhaps, is for secure streams of revenue

to fund state-federal partnerships. Some programs to convert federal defense-

oriented laboratories to civilian purposes could be largely self-funding. For

example, state centers or extension programs might assume the technology

transfer functions now performed by federal laboratory personnel, so that

no net increase in federal spending would be required.

In other cases, where additional funds are needed, it may be de-

sitable to engage the public directly in providing long-term support for some

state science and technology programs, for instance through bond referen-

dums. State governments often use such mechanisms to finance capital ex-

penditures. Some states, such as NewJersey, have gone further, with special

bond issues dedicated to science and technology investments. The advantage

to the state, in addition to stable long-term funding, is a clear signal of

taxpayer support.
New principles are also needed to govern federal-state cost-sharing

in joint projects. Cost-sharing requirements at present are unilaterally de-
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termined by federal program directors, to meet short-term program bud-
geting needs. This practice can be wasteful, and it does not promote real
cooperation. A cost-sharing system that deploys resources optimally and divides
tasks according to established federal and state roles would be better than
one that auctions off federal programs to the highest-bidding states. The
current system's short-term advantages to federal agencies are so great, how-
ever, that change will not come without a high-level policy decision, perhaps
arrived through a formal state-federal agreement, or perhaps in Congress.

GROWING NEED FOR PROGRAM EVALUATION

The development of new forms of partnership, new institutions, and new
funding sources requires new accountability. This need will grow as invest-
ments increase and as costs are more frequently shared with other levels
of government and with industry. States and federal agencies will need better
management information about the goals and progress of their programs,
both individually and in the aggregate. Industrial and academic participants
will also require information.

To satisfy these demands, the art of program evaluation must im-
prove and evaluation will need to be carried out more widely and more con-
sistently (see Box 3). All parties will need to collect more precise data on
their investments and the outcomes of those investments. To ensure that
such data are meaningful, a more accurate and consistent classification of
activities will be needed.

Meeting these requirements will be challenging, and sophisticated
and expensive research programs will be called for. Even if such research
is successfully completed, program participants have little or no incentive
to perform the necessary data gathering, which they may see as a time-
consuming and expensive distraction with little impact on operations, unless
evaluation methods so improve that they have perceptible benefits to in-
dividual organizations.

Until then, less sophisticated measures can be useful. Most of the
state programs have made progress in their evaluation methods. In the i98os,
for example, legislators often demanded that the new state industrial tech-
nology programs demonstrate quantitative "results,' sometimes in the form
of estimates of numbers of new jobs or companies created, in the relatively
short term. Such criteria have long been applied to traditional economic
development programs. Technology-based economic development, however,
cannot be measured in such terms in the short run. It is a process that may
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Box 3. The Art of Program Evaluation

Program evaluation has been a challenge for state technology initiatives and
the many new similar federal initiatives. Some early programs tried to justify
themselves by claims of jobs or businesses created. It soon became apparent,
however, that, as in any research program, benefits are difficult to measure,
especially in the short term. The full cycle of innovation takes place over
periods of years or decades.

Accordingly, more informative evaluation measures have been developed.
Evaluations have used such measures as leverage' of industry and federal
dollars and enhanced high-tech industrial development, as well as process"
measures such as numbers of firms involved or numbers of grants made.
States have used diverse means of program evaluation, ranging from straight-
forward self-evaluation to sophisticated reviews by outside experts.

According to David Mowery of the University of California, program evalu-
ation has several general limitations. First, it is virtually impossible to mea-
sure a program's impacts on economic development, because many other
factors (such as macroeconomic changes, tax policies, and investments in
education) are also at work during the program's course. Second, one cannot
construct a "counterfactual case:' to test what would have happened without
the program. Finally, some states place too much weight on the attraction
of high-technology facilities as measures of success, when these facilities
may or may not be contributing to state economic development.

Evaluations are growing more sophisticated. Today, they are likely to be
carried out on a regular cycle, to include measurements of progress in terms
of explicit goals, and in general to use longitudinal data. Outside experts are
more frequently called on, to avoid conflicts of interest and ensure meaningful
results.

One of the most ambitious evaluations has been that of Ohio's Thomas
Edison Program, which arranged for a review of its technology centers by
a committee of the National Research Council. The review committee pointed
out that the program's diversity makes it impossible to use a uniform set of
evaluation procedures even within the state. Additional difficulties include
the long time horizons of the state investments and the impossibility of con-
trolled experiments to test contrary cases. 'The only realistic evaluations are
qualitative:' the NRC said in its report, and the Edison centers must be judged
by 'evidence of networking, a broad base of industrial and academic sup-
port, the willingness of larger companies to invest money and of smaller com-
panies to invest time, and clearly defined missions and programs aimed at
regional economic development"

show lasting results only over periods of a decade or more, and whose prog-
ress must be measured by more subtle and sophisticated means.2L-4

Evaluation requires measures based on both near-term and ultimate
goals. A few initial payoffs from state research and development investments
may appear in the first 5 years, but only after 5 to io years can the first mean-
ingful returns from those investments be discerned, and then only in the
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case of the most successful investments. After lo to i5 years, sponsors can
expect to have measurable results in the form of clear economic impacts.
In programs emphasizing immediate diffusion of technology, such as in-
dustrial extension programs, results may be observable much more quickly.

To date, most state technology programs and similar federal initia-
tives have been assessed according to measures of "process variables," such
as rates of participation by industry. Industry's willingness to continue paying
membership fees in state-sponsored technology programs may be a better
market test of effectiveness than any artificially constructed assessment measure.

One academic observer, Irwin Feller of Pennsylvania State Univer-
sity, writes that the state programs "would appear to offer a 'natural' testbed
for comparative analysis, for they offer a distinctive array of the organiza-
tional forms, mechanisms of support, technologies, and industrial sectors
needed to transform emerging theoretical perspectives into effective and
efficient operational programs." t6 From the standpoint of technology policy,
he adds, the programs should be seen as "a set of working hypotheses," whose
outcomes should be carefully evaluated. Feller argues elsewhere that, "al-
though state advanced technology programs . . . are cast as 'experiments,'
most current or prospective evaluation activities lack even a modicum of
experimental design."17 Most federal technology programs share the same
defect, he adds. The remedy is to include evaluation in the program design,
so that performance data will be adequately collected and analyzed.

AMERICA'S THIRD CENTURY PARTNERSHIP AND RENEWAL

The genius of the American federal system, displayed again and again in
its first two centuries, is a capacity for self-renewal. The institutions of our
government have survived war, panic, and depression. They have been elastic
enough to encompass the enormous territories added as the frontier pushed
West. They have welcomed wave after wave of immigrants, and offered all
of them access to power. Today is no different. The system is responding
to the revolutionary times not by retrenching, but by offers of partnership
to meet human needs.

The federal-state technology partnership is not new. It dates at least
from the Lincoln administration, when the Morrill Act granted federally
held resources to the states on a grand scale, for each to deploy in its own
way to achieve agricultural abundance and the general advance of technology.
The Land Grant institutions that resulted were major sources of new tech-
nology for much of America for many decades. The federal assumption of
responsibility for basic and defense research after the Second World War
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was another fruitful phase of that partnership, which helped carry society
forward.

Today we are offered the opportunity to renew the partnership, enter-
ing into a new compact that will lead to a more dynamic economy and better
lives for the nation's citizens. The states have shown the way, by forming
their own partnerships, engaging citizens and companies and academics in
support of technology development and diffusion. With their growing tech-
nical skills and their creativity, the states are testing diverse responses to
the nation's domestic challenges. They have strong and direct incentives
to find effective, low-cost solutions to an array of human needs: health care,
education, environment, energy, and economic competitiveness.

To achieve these goals, the nation will need better ways to manage
science and technology at all levels. It will be necessary for state leaders to
keep developing their methods for assessing technology-dependent issues
and their institutions for coordinating and evaluating programs. The states
will also need new means of working with other states, regionally and
nationally. Federal and state governments must form cooperative relation-
ships with each other and with industry, bringing to bear the complemen-
tary strengths of each party.

The 1990s can mark the opening of a new chapter of renewal in
the history of America. States can devise new mechanisms for taking ad-
vantage of technological change and for collaborating with other states. They
can also create and nurture a new partnership with the federal government
that will guarantee to all Americans the benefits of science and technology.
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A NEW MODEL: STATE INDUSTRIAL
TECHNOLOGY PROGRAMS

The best-developed examples of public-private partnership in the nation
are the varied state programs that have been established to promote the
development and application of industrial technology. These programs involve
the states with industry and academic researchers in long-term programs
with shared goals and shared decision making. Such cooperation will pro-
vide an important model for structuring national responses in other science-
and technology-intensive areas, such as health care, environmental protec-
tion, and education. In these areas, and others, the complementary strengths
of the two levels of government, joined in productive partnership, will en-
able the nation to address the pressing issues that confront it now and in
the future.

ROOTS OF THE STATE TECHNOLOGY PROGRAMS

The state technology programs have their roots in a desire to reproduce the
concentration of high-technology development in Silicon Valley and Boston's
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Route 1X28 (though in neither case was this development the result of con-
scious government policy). Led by its innovative governor, Luther Hodges,
North Carolina pioneered the state role in technology-based economic de-
velopment, beginning in the 1960s; Governors Terry Sanford andJames Hunt
continued this emphasis through the 19705. Their investments in education
and in the Research Triangle Park complex, encompassing the state's major
universities, were aimed at raising living standards in what was then one
of the poorest states in the Union. The initiatives were striking successes.
By 1985 North Carolina had attracted billions of dollars in new investment,
created hundreds of thousands of new jobs, and brought its unemployment
rate to two percentage points below the national average."

Meanwhile, other states had followed North Carolina's lead, driven
by the widespread industrial recession of the early 198os and a continuing
withdrawal of the federal government from the civilian economy. Pennsyl-
vania Governor Richard Thornburgh founded the Ben Franklin Partnership.
Ohio Governor Richard Celeste proposed a public-private system of R&D
grants and research centers, later christened Ohio's Thomas Edison Program.
Other economically depressed states followed suit, with their own industrial
R&D and technology diffusion programs. By 1988, 45 states reported more
than 2.5o technology-based development initiatives, with annual expendi-
tures of $55o million. 9

Private-public partnerships are pervasive in state government. The
state technology programs in particular are distinctive for their partnerships
of industry and academic research. These programs tend to give industry
a prominent role in decision making, through industry advisory boards,
cost-sharing, and other devices, so that programs live or die with industrial
participation.

HELPFUL FEDERAL INITIATIVES

The federal executive branch opposed direct federal aid to industrial R&D
in the 1980s. Nevertheless, when the new state technology programs were
taking shape and providing hundreds of millions of dollars of aid to support
industrial R&D, several federal initiatives were helpful. Among the more
important are the following:

* The University and Small Business Patent Procedure Act of 1980
(PL 96-517) granted universities greater control over licensing of patents re-
sulting from federally funded research on their campuses.
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* The Stevenson-Wydler Technology Innovation Act (PL 96-480),
enacted in 1980, required all federal laboratories to mount industry-oriented
technology transfer activities, and established a central source of informa-
tion on federal laboratories' technology. °

* The Small Business Innovation Development Act of 1982. (PL
97-2.19) established the Small Business Innovation Research (SBIR) program,
which sets aside a small proportion of federal research funds for small
business. e'

* The Federal Technology Transfer Act of 1986 (PL 99-5o2.) author-
ized cooperative R&D agreements between federal laboratories and other
entities, including state agencies.

* Presidential Executive Order 12.591, signed April lo, 1987, di-
rected agency heads to help transfer technology to the marketplace, and
granted title to innovations growing out of federally funded research to the
institutions that performed the research. e

* Clarification by the Federal Trade Commission of certain antitrust
provisions, beginning in the early 19805, made industrial research consortia
(including state-sponsored ones) feasible. The National Cooperative Research
Act of 1984 (PL 98-462X) confirmed the antitrust protection.

These measures gave states access to new resources, including fed-
eral research funds, R&D results, and expanded intellectual property
rights. I' Many states have used these resources as incentives to encourage
industry to participate in state-sponsored academic research centers and other
technology initiatives.

CHANGING THE LANDSCAPE OF DECISION MAKING

While not accounting for a very large share of total U.S. research investment
in dollars, state technology programs are in many ways the thin edge of
a large wedge. States, with their industrial and academic partners, have a
flexibility, diversity, and knowledge of local and regional conditions that
federal agencies cannot match. Their small investments can therefore be
focused accurately to promote technological advances that yield important
returns in industrial strength. Successful state programs bring about struc-
tural change in the relations between government and industry, between
industry and universities, and even between state and federal agencies. In
this way, they make possible new research and development alliances and
broader research opportunities.

Over the past four years, state spending on applied science and
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technology programs appears to have been on the order of $i. billion (see
Appendix A). This figure is restricted to state funds and does not include
the matching funds that are typically required. With matching funds con-
sidered, total spending has probably exceeded S2 billion. Eleven states have
spent more than $So million each on the programs from FY9o to FY93 .

Additional science and technology spending by states, on colleges
and universities, on basic research, and on science and technology for regu-
latory and mission agencies may total in the hundreds of millions, but it
is difficult to determine an exact figure.

These sums may not seem significant in the context of a national
research and development enterprise, public and private, that spends more
than $iSo billion per year. State science and technology investments, how-
ever, have several features that amplify their effectiveness:

* The state programs are tightly focused on the specific goal of
technology-based economic developments

* The investments are highly "leveraged." That is, states use them
as incentives to enlist industry and universities in the programs, which are
supported by significant industry cost-sharing in both cash and kind.I

* State programs often build on research that has received substan-
tial federal funding.

* The state programs have a flexibility that would be difficult, if
not impossible, to obtain in a federal program. They can shift their objec-
tives swiftly and smoothly to meet changing conditions. For example, many
seem to have met recessionary pressures on their budgets by shifting toward
nearer term goals more certain of economic payoff, such as industrial exten-
sion services, and away from longer term research programs (see Appendix A).
The director of New York's technology program, which is oriented strongly
to long-term research, said in early sg99 that, while not abandoning longer
term work, "like a Wall Street fund manager, we will move our investments
away from risk toward more likely payoffs."16

The state programs have reshaped competitions for national facil-
ities, such as Sematech and the Superconducting Super Collider. They have
made it easier for states to make strong, timely proposals by giving them
the capacity to manage science and technology programs, as well as enabling
them to form supportive constituent groups. (By the same token, state pro-
grams can be vulnerable to bidding wars in federal competitions, when awards
hinge excessively on bidders' cost-sharing offers, rather than on strategies,
policies, priorities, or substantive capabilities.)

The states are significant, then, not because they have assumed re-
sponsibility for an appreciable fraction of the nation's R&D. Their claim
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to national significance is instead that they are changing the landscape
of decision making for science and technology initiative, and reshaping
federal-state relationships. Not the least of their significance is the potential
they hold as partners for the federal government. I

There is a remarkable solidarity of interest among the academic,
corporate, and government institutions that participate in the state programs.
Universities have revised their patent policies, and in some cases their mis-
sion statements, to emphasize economic development goals. V (As men-
tioned above, patent reforms have given universities substantially more con-
trol over licensing and other forms of commercialization of federally funded
research on their campuses.) University faculty are becoming accustomed
to moving easily between "theoretical" and "applied" issues, and industry
leaders are acquiring a greater appreciation of the value of long-range re-
search. H Industrial research is increasingly a matter of long- and short-term
projects, carried out through strategic partnerships with academic research.
Governors and legislators have discovered that the alliances made in the
technology programs have political advantages in other areas, such as edu-
cation reform. 19

One student of the state technology programs. writes, "if state ad-
vanced technology programs are successful in fostering new alliances, they
can have important impacts beyond those associated with the specific proj-
ects supported by state dollars or job-creation outcomes."4' By lowering "the
future cost of collaborative relationships,' he says, the programs may pro-
mote "increased rates of technological innovation and human-resource cap-
ital formation that do foster increased rates of state economic growth." In
doing so, he adds, they may improve the competitiveness of U.S. business
in the fields of technology selected for emphasis.

To ensure that the nation reaps the benefits of these programs, fed-
eral and state agencies will find it necessary to work together to plan and
implement technology investments. To do so, they will need better infor-
mation about each other's activities, and better means of cooperation.

RECENT FEDERAL COOPERATIVE TECHNOLOGY PROGRAMS

In the past there have been some attempts at promoting federal-state co-
operation, but their success has been limited, at best. Today, truly cooper-
ative technology investment programs are extremely rare. The only federal
science and technology program designed with cooperation in mind is the
National Science Foundation's new State/Industry-University Cooperative
Research Centers program, a small experiment with joint decision making
in research funding. States are responsible for initial selection of proposals,
and the National Science Foundation makes the final awards, through a
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standard review process. Costs are shared equally by NSF, state, and industry.

In 1991, the first year of the program, six centers were funded, with four-year

NSF grants of between S$oo,ooo and $3oo,ooo per year; several more grants

are expected in i99A.'"
The Commerce Department's Clearinghouse for State and Local Ini-

tiatives, established under the Omnibus Trade and Competitiveness Act of

1988, is intended to be a force for coordination, but has not pursued that

goal vigorously. The act gives the clearinghouse broad responsibilities for

gathering and disseminating information about state initiatives, establishing

liaison relationships, and finding and recommending ways for federal agencies

to support state initiatives. However, according to its former director, the

clearinghouse, in the Department's Technology Administration, has accom-

plished little of its mandate beyond developing and operating a computer

database of state and iocal programs. 4 1

The new partnership needs to draw on the lessons of the past. One

such lesson may be learned by recalling the first round of awards in the

NSF's Engineering Research Center (ERC) program, which is an illustration

of the federal failure to discuss its plans with the states. The program, which

involves industry and universities in joint research, was one of the federal

government's main economic competitiveness initiatives in the 198os. Al-

though valuable as a means of promoting development and diffusion of

technology, it was formulated almost entirely in the White House Science

Council during the early years of the Reagan administration, with little or

no advice from the states.4"
The lack of consultation resulted in some apparent duplication of

effort. For example, in the mid-ig8os, without even notifying the state of

New York, much less consulting with it, NSF sited an Engineering Research

Center in telecommunications in New York City, where the state had already

established a center with substantially the same mission.44

Some have argued, in support of NSF procedures, that federal and

state roles must be distinct, and that too close a coordination of programs

can harm both. The federal ERCs were awarded in an open competition

without geographic or institutional limitations, they say, while state centers

are often sited with such considerations strongly in mind, to help a partic-

ular region's industry or improve the geographic balance of science and tech-

nology resources. In the case of the duplicate telecommunications centers,

they add, New York City, as the nation's telecommunications hub, has the

necessary infrastructure to accommodate this kind of activity, so there is

no undue redundancy. Nonetheless, better means of sharing information

would have helped the state make the most of its investment, and would

probably have helped the NSF, too. (The NSF has since significantly modified

its approach and is a leader among federal agencies in emphasizing coop-

eration with the states.)
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INFORMAL COOPERATION

Some informal cooperation does take place. The Manufacturing Technology
Centers of the National Institute of Standards and Technology (NIST), for
example, although they are awarded in open competitions, tend to be sited
near existing technology centers. (This practice makes good sense, because
the NIST centers have grown out of the technical extension programs pioneered
by states, and because the states provide significant matching funds for these
centers.) It should be noted, however, that the rules of these competitions
are rigidly dictated by NIST and are not the result of consultation between
NIST and the states.

Informal cooperation is also beginning to occur at the higher levels
of policymaking. The National Science Foundation, for example, has estab-
lished a state liaison position in the NSF Office of Legislative and Public
Affairs and has publicly encouraged efforts by states to cooperate with fed-
eral science and technology programs. NSF recognized the state efforts as
a new element in the national science policy establishment through the public
statements of senior agency staff and through technical advice on such issues
as peer review and technology center criteria. It also commissioned a recent
major study of the states' R&D investments (see Appendix A).

MECHANISMS OF COOPERATION

A new partnership to spur U.S. economic competitiveness and to improve
the health and welfare of citizens and their communities is emerging. At
its roots is the concept of cooperation between the federal and state gov-
ernments, with the involvement of the private sector. In the short term,
a combination of need and opportunity motivates action. The most obvious
short-term benefit is efficiency, through better sharing of resources. Less ob-
vious, but arguably as real, are the benefits of synergy: innovation can be
enhanced by the effort to find common purpose with another party (see Box 4).

Successful cooperation stems from clear understanding by each par-
ticipant of the others' capabilities and of the roles that each can best play.
In support of industrial technology, for example, the federal role is to pro-
vide the nation's research base in the sciences and generic technologies and
to invest in national infrastructure such as research institutions, equipment,
and instrumentation. States are responsible for building university research
facilities, equipping them, and maintaining the necessary faculty, as well
as for regulating and funding precollege education and vocational training;
an important emerging state function is supporting technology activities
that are close to the product development phase. Industry is responsible
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for designing, manufacturing, and marketing products, conducting sector-
or company-specific research in the sciences and technologies, and keeping
its work force well trained.

A partnership to spur U.S. economic competitiveness might thus
be based on a division of roles in which the federal government supported
research near the basic end of the spectrum, while the states and industry
supported applied research and development of more direct interest to in-
dustry. It should be recognized, though, that the research and development
process does not conform to such neat distinctions. In some cases, such as
defense and biomedicine, the federal government has traditionally supported
R&D along most or all of the continuum from basic research to applications,
because it was the customer for the ultimate product, or because it viewed
that product as of special national importance. (It is worth noting that com-
mercial applications of the resulting technologies-aircraft, computers, and
drugs-are among the most competitive of U.S. industries in world markets.)

State technology programs, too, blur traditional distinctions between

Box 4. State-Federal-Industry Synergy: A Case Study

State and federal research programs can combine with industrial resources
to produce a healthy synergy. In the Edison Polymer Innovation Corporation
(EPIC), Ohio joined with industry to make its wealth of academic polymer
research more easily accessible to industry.

EPIC is one of Ohids largest state technology centers. Established
in 1984, it takes advantage of the internationally known polymer research
programs at Case Western Reserve and the University of Akron, and of the
Cleveland-Akron corridor's industrial strength in polymer technology. With
a pool of researchers numbering more than 400, EPIC represents one of
North America~s greatest concentrations of scientific and technical capability
in polymers.

Later, the two universities joined with Kent State University (with its fine
liquid crystal chemistry program) to seek an NSF Science and Technology
Center. EPIC provided seed money for the proposal. Its industrial associates
participated in the NSF site visit, to show the strength of its industrial ties.
Thanks to this joint effort, the Center for Advanced Liquid Crystalline Optical
Materials was established in 1990, with initial federal funding of $1 million
per year. Industry, state, and federal funds will total $18 million over 5 years.

Industry and state and federal agencies have continued building on these
gains. In 1991 Case and Akron proposed a polymer composite center to the
NSF State-Industry-University Cooperative Research program. The state en-
dorsed the proposal, committing itself and, through EPIC, its industry each
to match the NSF funds, dollar for dollar. The Center for Molecular and Micro-
structure of Composites began operation in 1991. Over the first 4 years, funding
from federal, state, and industry sources will total $5 million.
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R&D stages. Through them, according to a leading practitioner, university
faculty are becoming accustomed to moving easily between "theoretical"
and "applied" issues, and industrial research is seen increasingly as a "port-
folio" of long- and short-term projects conducted in both university and
industry labs.4i

At a minimum, true cooperation in such an environment requires
state and federal officials to be well enough informed about each others'
activities and goals to share resources, such as laboratory facilities. An effective
partnership will depend on the involvement of all partners at the earliest
project definition stage, and not after plans are completed. Partnership does
not mean one partner presenting a final plan, or even a project that has
already begun, to the others, leaving them with only two options: acquies-
cence or nonparticipation. States should be involved in defining individual
projects that are expected to have industrial impact at some stage, as well
as in designing new programs to create centers intended to aid industry.

Closer, more comprehensive cooperation is possible. States and fed-
eral agencies, for example, might engage in continuing consultations on
their plans, with shared strategic goals.46 For such consultations, states
would need a seat at the federal table around which these priorities are set
and broad funding decisions made. In the current administration, priorities
in a number of important areas of research are set by the Federal Coordi-
nating Council for Science, Engineering, and Technology (FCCSET), a White
House advisory committee.

More generally, federal executive and legislative agencies could make
greater efforts to appoint members from the states to their science and tech-
nology advisory committees. There are hundreds of these bodies, and many
are highly influential. States are poorly represented on them, even in areas-
such as industrial technology-where the state perspective is vital.

The institutions to foster federal-state exchanges and to create the
desired partnership in policy development do not exist today. Among the
steps that might be taken to foster such cooperation are to create a system
of joint advisory and consultative bodies and gather accurate data to help
determine how state, federal, and industry investments can be matched most
effectively. Building on these shared institutions, states should sponsor a
national summit meeting on science and technology, at which governors
would join the President, members of Congress, business, academic, and
labor leaders, and others to discuss common problems and begin developing
a state-federal-industry science and technology agenda. States must also
build mechanisms to communicate among themselves and with the federal
government. Without such efforts, federal and state agencies will continue
to operate independently, with little cooperation, and sometimes at
cross-purposes.



79

4
TOWARD A FULL PARTNERSHIP

A NEW BALANCE OF COOPERATION

Carrying out the nation's post-Cold War agenda will require a new balance

of cooperation between federal and state governments. Both parties will need

to make efforts to share resources and decision-making authority. The ulti-

mate prize is nothing less than a renewal of our republican institutions,
with new national goals and a new balance of federal and state roles.

Tightly coordinated joint planning is not advisable. Rather, a co-

operative effort to exploit the two parties' complementary strengths will be
needed, bolstered by a variety of new institutions to make consultation eas-

ier and more productive. These new institutions might include new sources

of science advice for governors and legislators, joint policy development chan-

nels for the states, and federal-state forums for discussing priorities.
The appropriate division of roles in science and technology between

federal and state governments is a vital issue that demands attention at every

F___L
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level. A broad new division of roles may be evolving, as states assume im-
portant responsibilities in areas that have heretofore been considered fed-
eral responsibilities.47 The only certainty is that federal-state partnerships
will continue to increase both in number and in significance.

The states have taken important first steps, steps that exemplify in
many ways the kinds of partnerships that will be necessary. They have de-
veloped their own entrepreneurial industrial technology initiatives with in-
dustry and universities; these initiatives in the aggregate are a strong force
for national economic competitiveness. To widen the circle of renewal, these
partnerships must be extended to the federal government, and to other fields
of endeavor, beyond industry.

Federal and state governments must assume their fundamental new
roles deliberately. A good example of the forces demanding a bigger state
role in decision making can be found in the question of the future of the
federal defense laboratories. Managers and policymakers envision civilian
missions for these institutions, often in commercial research and develop-
ment. These billion-dollar federal labs will not easily adapt to the pursuit
of fast-moving commercial technologies, because playing such a role suc-
cessfully requires detailed appreciation of industrial activities and needs;
this must be reflected throughout the laboratories' operations. States, with
their networks of industrial contacts and established programs of technology
diffusion, can help the laboratories and businesses communicate about their
mutual needs and resources. The state of New Mexico, in a move in this
direction, has entered into a three-year agreement with the Air Force Space
Systems Command's Phillips Laboratory, in which state personnel will manage
the lab's technology transfer activities. New Mexico's industries will gain
improved access to aerospace, laser, propulsion, and other technologies.41
Such initiatives are likely to be increasingly common in the future.

In such state-federal cooperative ventures, state agencies should be
involved early in the planning process, while new mission statements are
being developed for the labs, and not as an afterthought. Otherwise, their
contributions may be limited to supplying incremental funds (for example,
through federal cost-sharing program requirements), and both the states
and the nation will be poorer. Opportunities for synergy of the kind de-
scribed in Chapter 3 will be lost. States, as a matter of self-protection, must-
and will -insist on participating in the setting of the federal R&D agenda,
as it moves away from its strong emphasis on defense.

More generally, if the nation is to turn federal technology resources
to civilian purposes, states should participate in setting goals and invest-
ment strategies (see Box 5). The states have a long tradition of local market
and business development, as well as long experience of engaging multi-
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sectoral support for S&T programs in industry, agriculture, health and welfare,

environmental protection, and other areas that are coming to dominate the

national agenda. Their growing technical sophistication and their unique

relationships with industry and universities suit them for full partnership.

A GREAT AND HISTORIC OPPORTUNITY

The nation has a great and historic opportunity to mount fresh new responses

to many national challenges, while renewing and reinvigorating its repub-

lican institutions. But taking advantage of this opportunity will require hard

work and planning, shaped by a broad vision of the future. Science and

technology have become central concerns in the federal-state relationship.

The two parties have much to discuss, as they reorder their roles to face

the nation's domestic challenges. These discussions must be based on good

Box 5. Cooperation in National Competitions

Many recent federal competitions have required that part of the costs be borne
by the recipient institutions. In principle, cost-sharing is a healthy and neces-
sary expression of commitment and cooperation. But states sometimes find
themselves bidding against one another until only one is left with the costly
prize. The desire for cooperation with the federal government thus leads to
competition between states. Overemphasis on cost-sharing has short-term
gains for federal agencies but often decreases actual opportunities for
cooperation.

The Superconducting Super Collider and the National Magnet Labora-
tory are well-known federal competitions that hinged on cost-sharing. The
practice has become increasingly pervasive, with similar requirements
imposed in many smaller programs. New York's success in winning the com-
petition for a National Earthquake Engineering Research Center was inter-
preted as a consequence of the states agility in quickly committing $5 mil-
lion in annual matching funds. Federal agencies have even demanded state
cost-sharing in individual research proposals.

Joint planning and shared participation in projects of common interest
make for more solid support and a more profitable partnership. For example,
the Manufacturing Technology Centers of the National Institute of Standards
and Technology have been sited to take advantage of existing state technology
centers. NSFs experimental State-Industry-University Cooperative Research
(SIUCR) centers are sited according to joint decisions with states. But such
cooperation is the exception, rather than the rule.
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information and expert analysis, and both sides must prepare their positions
well. Channels of communication must be improved within states and among
states, between states and the federal government, and between both levels
of government and industry. This new partnership based on national needs
is well worth seeking. The recommendations offered in this report outline
a path toward that partnership.

Such an opportunity for national renewal is rare. If we fail to grasp
it now, it will not come again.
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HOW MUCH DO STATES SPEND
ON SCIENCE AND TECHNOLOGY?

The most comprehensive study thus far of state science and technology
spending was carried out for the National Science Foundation and published
in 1990.49 The study surveyed state agencies' spending for research and de-
velopment and R&D plant, and found expenditures of $i.2 billion in fiscal
year i988.5') This sum represented an increase of 62. percent, in real terms,
over the 1977.total. Although the available data are not exact, it is reason-
able to assume that industrial cost-sharing for the programs and additional
state science and technology funding would bring the total to about $2. billion.

CHANGING CHARACTER OF STATE FUNDING

Between 1977 and 1988, the character of state-funded work changed sub-
stantially, reflecting the industrial emphasis of the new state programs. Basic

F___L
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research, 2. percent of the total in 1977, shrank to 9 percent by 1988, and
applied research and development together grew from 77 to 91 percent.

These figures tell far less than the full story, however:

* They exclude expenditures that did not come directly through
the state agencies' budgets, such as industry matching funds (a substantial
part of many state programs).

* They exclude state support of higher education. Higher educa-
tion, of course, is the foundation of the research base for the United States.
More to the point, some states (such as California) use their universities
as their major research arms, and most use higher education funds as matching
funds in federal competitions for research centers and the like.

* States submitted data only on their main science and technology
agencies, and the study thus ignored some R&D spending in health, the
environment, and other important areas.

* The study treats only research and development per se. Most of
the state technology programs are intended to operate as integrated pack-

Table A-1. Surveys of State S&T-Related Expenditures

Estimates
of State
Expenditures Fiscal

Unit of Analysis ($1,000) Year Survey

State expenditures for R&D 764,677 1988 Lambright et al., 1989;
National Science
Foundation, 1990

Academic R&D funded by 1,003,000 1987 Lambright et al., 1989;
state and local National Science
governments Foundation, 1990
State S&T initiatives; "total 550,000 1988 Minnesota Office of
state technology budget" Science and

Technology, 1989
State technology develop- 400,000 1987 Atkinson, 1988
ment programs; 'annual
state government
expenditures"
State S&T agency program 203,000 1987 National Governors'
expenditures Association, 1988
State research grant and 143,000 1988 Forrer, 1989
contract programs

Source: Adapted from Lawrence Burton. 20
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Table A-2. Budget Trends of State Technology Programs:
Appropriations for Fiscal Years 1990-1993e

Stale FY90 FY91 FY92 FY93 Total

Alabama $ 2,245,200 $ 3,721,257 $ 3,418,472 $ 1,619,552 $ 11,004,481
Alaska 3.500,000 3,500.000 3,500,000 1,000.000 11,500,000
Californiab 6,600,000 3,000,000 3,000,000 - 12,600,000
Colorado 2,515,772 2,828,606 2,366,756 3,116,089 10.827,223
Connecticut 10,100,000 10.300,000 19,200,000 19,900,000 59,500,000
Georgia 10,896,000 10,949,000 9,053,000 22,768,000 53,666.000
Illinois 24,231,000 18,625,000 8,202,000 2,100,000 53,158,000
Indiana 7,500,000 7,500,000 5.900.000 5,900,000 26,800.000
Iowa 10,000.000 4,600.000 3,965.000 7,400,000 25,965.000
Kansas 5,570,486 8.084,976 7,829,896 8,449,079 29,934,437
Louisiana 1,213,870 1,403,089 843,834 1,221.646 4.682,439
Maine 629.000 1.029,680 737.000 636,000 3.031,680
Maryland 1,700.000 1,900,000 2,300,000 2,500,000 8,400,000
Massachusetts 9,195,029 6,222,484 13.828,879 16,954,205 46,200,597
Michigan 20,000,000 20,000,000 20,000,000 20,000,000 80.000,000
Minnesota 23.106,350 25,592.350 23,343,000 23,334.640 95,376.340
Missouri 3,150,000 3,087,500 2,308,000 2,337,000 10,882.500
Montana' 7,950,000 450,000 5,550.000 450.000 14,400,000
New Jersey 21,212,000 17,216,000 16,804,000 15,528,000 70,760,000
New York 21,451,300 21,850.195 18,845.300 18,733.500 80,880,295
North CarolinaD 25,000,000 25,000,000 25,000,000 - 75.000.000
North Dakotad 0 1,500,000 1,500,000 0 3,000,000
Ohio 18,159,967 18,727,917 21,289,718 12,890.745 71.068,347
Oklahoma 3,100.000 3,100,000 3,100,000 3,100.000 12.400,000
Pennsylvania 31,777,948 32,100,000 27,800,000 28,562.000 120.239,948
Rhode Island 0 0 0 0 0
Tennessee 200,000 180.000 180,000 134,000 694.000
Texas 30,063.000 30,239,000 30,657,000 30.192,000 121,151,000
Vermont 100,000 200,000 348,115 25.000 673.115
Virginia 13,013,910 10,998.113 9,979,031 8,666,936 42,657,990
Washington' 5,750,000 5,750,000 4,500,000 4,500,000 20,500,000
Wyoming 500.000 2,450,000 500,000 500,000 3,950,000

TOTAL $320,430.832 $302.105,167 $295,849,001 $262.518,392 $1,180,903,392

* Slates unable to report a specific amount spent on applied science and technology programs:
Hawaii, Idaho, Nebraska. Nevada, South Dakota, and West Virginia. States that failed to respond
to the survey: Arizona, Arkansas, Delaware, Florida, Kentucky. Mississippi, New Hampshire, New
Mexico. Oregon, South Carolina, Utah, and Wisconsin.
D FY93 appropriation had not been made at time of survey.
C FY90 and FY92 appropriations reflect the year in which authority to use funds from the Coal
Trust Fund was given.
d $3M was appropriated for the FY91-92 biennium.
* A one-time 53.4M grant to the Rhode Island Partnership for Science and Technology was made
in 1968.
' Figures reflect biennial appropriations divided in halt.
Source: Survey conducted for the Task Force on Science and Technology and the States, Car-
negie Commission on Science, Technology, and Government, August 1992.
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ages, which may include -in addition to R&D -seed or venture capital funds,
technical assistance programs, and other assistance.

On the other hand, the NSF data include much spending outside
the technology development agencies themselves. Those agencies were re-

ported by a Minnesota state study to have spent $sso million in fiscal 1988.i

QUANTIFYING STATE PROGRAMS

Although they have attracted much attention among students of science

and technology policy in the past decade, the state programs remain poorly

quantified. The fundamental reasons for this lack of precise data are the

relative newness of the state programs and their emphasis on flexibility and

responsiveness to local needs. They have grown up quickly, and the language

of policy analysis has yet to classify their spending in useful program cate-

gories. In addition, there is little agreement on basic terminology; terms

such as "technology transfer:' "manufacturing extension,' or "seed capital"
may be used rather freely, leading to some confusion.s,

Table A-l, with estimates of state S&T expenditure from a variety

of recent studies, shows how conclusions about total spending can vary. The

variety of approaches used, and consequently of spending estimates, is

kaleidoscopic. Simple funding data will never capture the significance of

these programs; what is needed is social science studies that outline the re-

lationships of participants and the flows of resources, including funds, among
those participants.

RECENT TRENDS

State science and technology programis seem generally to have weathered

the recession-driven budget cuts rather well. A survey conducted for this
report (see Table A-2) indicates that state programs have experienced funding

reductions, hardly surprising given the fiscal difficulties that states have ex-
perienced in recent years. Illinois has suffered the most significant reduc-

tions. Virginia and New Jersey have seen a steady reduction in spending,

and Ohio has recently undergone severe cuts. Pennsylvania and New York
programs have been trimmed, while Texas, Michigan, and Minnesota have

remained relatively stable. On the other hand, Connecticut and Georgia
have experienced significant growth.
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TASK FORCE MEMBERS AND
PARTICIPANTS IN TASK FORCE MEETINGS

TASK FORCE MEMBERS

William 0. Baker retired in 1980 as Chairman of AT&T Bell Laboratories, Inc. He joined
Bell Labs in 1939, becoming Head of Polymer Research and Development in 1948, and from
1951 to 1954 he was Assistant Director of Chemical and Metallurgical Research. After a year
as Director of Physical Sciences Research, he became Vice President of Research in 19Ss; for
the next twenty-fivc years, he had overall responsibility for Bell Laboratories research pro-
grams, and in i971 he became president. Dr. Baker received a PhD from Princeton Uni-
vcrsity, where he held Harvard and Proctor Fellowships, following a BS in physical chemistry
from Washington College. He has served on the President's Science Advisory Committee,
the National Science Board, the Regcnts of the National Library of Medicine, the National Can-
ccr Advisory Board, the President's Forcign Intelligence Advisory Board, the National Com-
mission on Libraries and Information Science, and the President's Intelligence Advisory Board.

Arden L. Bcment,Jr., is the Vice President for Science & Technology at TRW, Inc. He joined
TRW in 1980 as vice president, technical resources. Dr. Bement began his professional career
in 1954 as a research metallurgist and reactor project engineer with the General Electric Com-
pany.. In 1965 he joined Bartelle Memorial Institute as manager of the metallurgy research
department; three years later, he became manager of the fuels and materials department.
In 1970, Dr. Bemcnt.joined the faculty of the Massachusetts Institute of Technology as Pro-

F____1
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lessor of Nuclear Materials, and in 1976 he became Director of the Materials Science Office

of the Defense Advanced Research Projects Agency. In 1979, he was appointed Deputy Under

Secretary of Defense for Research and Engineering. In 1990 the U.S. Senate confirmed Dr.

Bement's appointment to the National Science Board for a term expiring in 1994.

Erich Bloch is the Distinguished Fellow at the Council on Competitiveness. An electrical

engineer, Mr. Bloch joined IBM in 1952.; he served in a variety of capacities, including vice

president of the company's Data Systems Division and general manager of the East Fishkill

facility. He became IBM Vice President in 1981. From 198g to 1984, Mr. Bloch served as chairman

of the Semiconductor Research Cooperative and was the IBM representative on the board

of the Semiconductor Industry Association. In 1984, Mr. Bloch was confirmed by the Senate

as Director of the National Science Foundation. Mr. Bloch was the recipient of the 1985 Na-

tional Medal of Technology for his part in pioneering developments related to the IBM/ 36o

computer that revolutionized the computer industry.

Richard F. Celeste was a two-term Governor of Ohio, from 1983 to 1991. During his tenure

he led an aggressive program to proimote international trade and investment with trade offices

wofldwide. At present, Celeste operates Celeste & Sabety Ltd., a company that specializes

in providing linkages to w orld markets. Celeste attended Yale University, graduating magna

cum laude in 1959. and taught at Yale for one year as a Carnegie Teaching Fellow. Selected

as a Rhodes Scholar, he also studied at Oxford University. Celeste has been actively involved

in the fields of international technology and the role of government in science, research,

and development. As Governor, he chaired the National Governors' Association Committee

on Science and Technology. He is a member of the Advisory Board at Oak Ridge National

Laboratories. From 1979 to 1981, Celeste directed the U.S. Peace Corps, which had programs

in 5 3 countries. He served in the Foreign Service under Ambassador Chester Bowles in India

from 1963 to 1967.

Lawton Chiles was elected Governor of Florida in his fourth successful statewide political

race in November i9go. Chiles began his professional career practicing law in Lakeland from

1955 to 1971 and served as an instructor at Florida Southern College from i95 to 1958. He

was elected to the Florida House of Representatives in 1959. He served his Lakeland district

in that capacity until his 1967 election to the Florida Senate, where he served three years

until his election to the U.S. Senate. Chiles became the first U.S. Senator from Florida ever

to chair a major committee, the Senatc Budget Committee, and he helped to found the

NMational Commission to Prevent Infant Mortality, which he still chairs today.

Danielj. Evans has been Chairman of DanielJ. Evans Associates since 1989. Trained in civil

engineering at the University of Washington, Evans practiced structural engineering from

1949 to 1965. In 1956 he was elected to the Washington State House ofRepresentatives, where

he was Republican Floor Leader from i961 to i965. Evans was elected Governor of Washington

in 1965; a University of Michijin study later named him "One of Ten Outstanding Governors

in the 2oth Century." After retiring as Govemor in 1977, Evans became the President of Evrgreen

State College, a position he held until 198 3, when he became a one-term United States Senator

for the State of Washington. Currently, Evans is Chairman of the National Academy of Sci-

ences Commission on Policy Options for Global Warming; he is also a political commentator

for a Seattle television station.
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Admiral Bobby R. Inman, USN (Retired), entered the Naval Reserve in 19si and was com-
missioned as an ensign in March i952.. Over the next nineteen years he served on an aircraft
carrier, two cruisers, and a destroyer as well as in numerous assignments ashore in Naval
Intelligence. He graduated from the National War College in 1971 and was selected for pro-
motion to Vice Admiral injuly 1976. In February 1981, he was promoted to the rank of Ad-
miral, the first Naval Intelligence Specialist to attain four-star rank. He retired with the per-
manent rank of Admiral in 1981.. Between 1974 and 1981 Admiral Inman served as Director
of Naval Intelligence, Vice Director of the Defense Intelligence Agency, Director of the Na-
tional Security Agency, and Deputy Director of the Central Intelligence Agency. From 1983

to 1986 he was Chairman and Chief Executive Officer of the Microelectronics and Computer
Technology Corporation (MCC). Following this, he was Chairman, President, and Chief
Executive Officer of Westmark Systems. Inc., a privately owned electronics industry holding
company. Admiral Inman served as Chairman of the Federal Reserve Bank of Dallas from
1987 10 1990.

H. GrahamJones is Executive Director of the New York State Science and Technology Foun-
dation, a government agency that sponsors the development and application of new tech-
nology and encourages entrepreneurship in New York State. Mr. Jones earned his bachelor's
and master's degrees in the natural sciences from Cambridge University and pursued further
graduate work in physics at Cornell. Coming to government from a career of over thirty years
in the computer industry, Mr. Jones played a lead role in the development and marketing
of IBM's early scientific computers, the System/ 36o, and special-purpose computers for mili-
tary and space applications. In his present position, he administers programs that sponsor
research and development in government and industry and that provide financing and con-
sultation to small technology-based companies in New York.

Frank E. Mosier is vice chairman of BP America's advisory board. He was formerly president
of the Standard Oil Company, which he joined as an engineer in the refining department
in 195 3. InJuly 1987, after the merger between Standard Oil and the British Petroleum Com-
pany, he became president of BP America. He relinquished that position upon being ap-
pointed vice chairman of the advisory board in April 1988. Frank Mosier is a graduate of
the University of Pittsburgh with a degree in chemical engineering. In t987 he received the
honorary degree of Doctor of Science from Marietta College. The University of Pittsburgh
Engineering Alumni Association honored him with the Distinguished Alumnus Award in
March 1988.

Walter H. Plosila is President of the Montgomery County (Maryland) High Technology Council,
Inc., and the Suburban Maryland Technology Council, both educational nonprofit mem-
bership organizations of high tech firms, support industry, federal laboratories, and higher
education institutions. Dr. Plosila has a PhD from the University of Pittsburgh and an MA
from Pennsylvania State University. Before holding his current position, Dr. Plosila was Deputy
Secretary for Technology and Policy Development of the Pennsylvania Department of Com-
merce, where he was responsible for formulating overall economic development strategies
and policies, and developing and implementing such technology programs as the Ben Franklin
Partnership Programs. Dr. Plosila has served as President of the National Council on State
Planning Agencies and was the Director of the Pennsylvania Governor's Office of Policy and
Planning.
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Donna E. Shalala is professor of Political Science and Chancellor of the University of
Wisconsin-Madison. Dr. Shalala was recently named one of the top five managers in higher
education by Business Week magazine. Dr. Shalala spent her academic career on the faculty
of Columbia University. During the Carter Administration she served as Assistant Secretary
for Policy Development and Research at the U.S. Department of Housing and Urban De-
velopment. Before coming to the University of Wisconsin-Madison, Dr. Shalala was Pres-
ident of Hunter College of the City University of New York for seven years. Dr. Shalala has
been the recipient of a Guggenheim Fellowship and aJapan Society Leadership Fellowship.
She has published extensively in the areas of politics and finance.

Luther S. Williams was appointed Assistant Director of Education and Human Resources
for the National Science Foundation onJune i, i9go. Dr. Williams earned a BA degree in
biology with distinction from Miles College, an MS from Atlanta University, and a PhD
in microbial physiology from Purdue University. Dr. Williams's academic career in biology
included appointments at Purdue University, the Massachusetts Institute of Technology, and
Washington University. Williams joined the National Institutes of Health in 1987 as Special
Assistant to the Director, National Institute of General Medical Sciences. He chaired the
White House Biotechnology Science Coordinating Committee and is Vice Chair of the Com-
mittee on Education and Human Resources of the Federal Coordinating Council for Science,
Engineering, and Technology (FCCSET). Before his appointment as Assistant Director at
the NSF, Dr. Williams served as Senior Science Advisor to the Director of the Foundation.

Linda S. Wilson became the seventh president of Radcliffe College on July l, 1989. A grad-
uate of Sophie Newcomb College, Tulane University, Dr. Wilson earned a PhD in inorganic
chemistry at the University of Wisconsin. She went on to teach and conduct research, and
then pursued a second career devoted to the fostering and oversight of research. Dr. Wilson
served on the National Commission on Research and was chair of its subcommittee on ac-
countability. She was a member of the Director's Advisory Council of the National Science
Foundation for nine years. Dr. Wilson currently serves as chair of the National Research Council's
Office of Science and Engineering Personnel and is a member of the National Science
Foundation's Advisory Committee of the Directorate for Education and Human Resources.
She is also a member of the National Research Council's Coordinating Council for Education.

Charles E. Young is Chancellor of the University of California, Los Angeles. Chancellor Young
received a BA with honors in political science from the University of California, Riverside,
and an MA and a PhD in political science from UCLA. He serves as a member of the Ad-
ministrative Board of the International Association of Universities, is Chairman of the Foun-
dation for the International Exchange of Scientific and Cultural Information by Telecom-
munications, is a former Chairman of the Association of American Universities, and was
a member of the Los Angeles Olympic Organizing Committee. He also is a member of the
Government-University-Industry Research Roundtable of the National Academy of Sciences
and the Business-Higher Education Forum. Chancellor Young serves as a trustee of the UCLA
Foundation. He is Chairman of the Theater Group, Inc., and a director of Intel Corporation.
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STAFF AND MEETING PARTICIPANTS

Duncan M. Brown is a McLean, Virginia, science writer and editor who specializes in science
and technology policy, energy technology, and the environment. Since 1983, he has been
president of Duncan Brown Associates, an editorial services firm whose clients include na-

tional and international research organizations. Mr. Brown holds a BA degree in philosophy
and mathematics from St.Johns College in Annapolis. Mr. Brown spent six years, beginning
in 1977, at the National Research Council. While there, he served as Senior Editor and prin-
cipal staff writer for the Committee on Nuclear and Alternative Energy Systems, which carried
out a major study of the nation's long-term energy options, published in 1980. Following
completion of that study, he worked as a staff officer of the Council's Energy Engineering
Board. Before joining the National Research Council, Mr. Brown was a freelance writer. From
I972 to 1975 he supervised a team of editors at Macmillan Educational Corporation in
Washington, DC.

Christopher M. Coburn is Director of Public Technology Programs at Battelle Memorial In-
stitute. At Battelle he directs a unit working with federal, state, university, and private sector
organizations in cooperative technology development, commercialization, and transfer ini-
tiatives. Mr. Coburn received his Master's degree in Public Administration from George Wash-
ington University, with a concentration in science policy. He holds a BA from John Carroll
University in Cleveland, Ohio. Before joining Battelle, Mr. Coburn served as Executive Di-
rector of Ohio's Thomas Edison Program and was Science and Technology Advisor to former
Ohio Governor Richard F. Celeste from 1984 through 1990. He also served as Assistant Di-
rector of the Ohio Department of Development.

Marvin E. Ebel is the Acting Director, Office of Research Services at the University of
Wisconsin-Madison. He earned his PhD in physics from Iowa State College and continued
his academic career at Yale University and later at the University of Wisconsin. Before assum-
ing his current responsibilities at the University of Wisconsin-Madison, Dr. Ebel was Chairman
of the Physics Department, Associate Dean of the Graduate School, and Acting Director
of the Office of Research Services. Dr. Ebel is a member of Phi Kappa Phi, Sigma Xi, the
American Physical Society, and the American Association of University Professors.

Richard Florida is Associate Professor of Management and Public Policy in the School of
Urban and Public Affairs and the Department of Engineering and Public Policy at Carnegie
Mellon University. Professor Florida received his BA in political science from Rutgers College
in 1979, studied political science and urban planning at the Massachusetts Institute of Tech-
nology during the early i9805, and received his PhD in urban planning from Columbia Uni-
versity in 1986. Before coming to Carnegie Mellon University, he was on the faculty of Ohio
State University. Professor Florida has served as principal investigator on grants from the Na-
tional Science Foundation, Ford FoundationJoyce Foundation, U.S. Economic Development
Administration, and U.S. Department of Agriculture. He has been a consultant to state eco-
nomic development and technology agencies, and is currently North American editor of
the journal, Regional Studies, published by Cambridge University Press.

Stephen J. Gage has been president of the Cleveland Advanced Manufacturing Program
(CAMP) since November i990. Trained as a mechanical and nuclear engineer, Gage began
his professional career in teaching and research with the University of Texas at Austin in
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the mid-ig6os. During the 19705, Dr. Gage was with several federal agencies in Washington,
DC, including serving as EPA's Assistant Administrator for Research & Development under
President Carter. He was also a White House Fellow in the President's Office of Science and
Technology in 1971-1972 and spent the next two years with the President's Council on En-
vironmental Quality. During the late i18os, Dr. Gage headed Indiana's Corporation for Science
and Technology and the Midwest Technology Development Institute. Dr. Gage is currently
Vice President of Operations of the Technology Transfer Society; he has served on the Society's
Board of Directors since 1987. Dr. Gage also serves on committees of the Government-
University-industry Research Roundtable.

Thomas H. Moss is Dean of Gtaduate Studies and Research at Case Western Reserve Uni-
versity, a position he has held since 1984. Dr. Moss obtained his BA from Harvard College
and his PhD in physics from Cornell University. From 1968 to 1976 he was a Research Staff
Member at IBM Research and adjunct assistant professor of Physics at Columbia University.
In 1976 he became Staff Director and Science Advisor to Congressman George E. Brown,
Jr. He became Staff Director of the Subcommittee on Science, Research, and Technology,
House Committee on Science and Technology, in 1979. In 198i Dr. Moss left Congress to
join Case Western University. Dr. Moss serves as Chair of the Regents Advisory Council on
Graduate Studies and is Chairman of the AAAS Committee on Science, Engineering, and
Public Policy.
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PREPAR STATEMENT OF WALTER PLOSILA

Introduction.
My name is Walter H. Plosila. I currently head an educational, non-profit mem-

bership organization of technology firms, federal laboratories, and higher education
institutions. Previously I was Director of Policy and Planning and Deputy Secretary of
Commerce in Pennsylvania, where I helped develop and implement one of the larger
State technology development programs -- the Ben Franklin Partnership Programs. I
have also advised 33 states in various facets of their technology development efforts
and served on a number of committees and groups looking at the issues of federal-
state cooperation in technology development. I served as a member of the Task Force.

I would strongly urge your consideration of the Carnegie Commission's Report. As
a member of the Task Force chaired by Governor Celeste, I had the privilege of par-
ticipating in its deliberations. The Task Force's findings and recommendations should
be of considerable interest to elected officials at state and federal levels of govern-
ment, whether they be in the legislative or executive branches.
An Interstate Compact for State-Federal Partnerships in Science and Technol-
2gy.

The Task Force calls for greater communication and cooperation among states,
federal government and industry. It also calls for an interstate compact of the states to
undertake a number of efforts including helping ensure greater state government par-
ticipation in national science and technology policy development and implementation.
It also calls on the national government to recognize that if federal agencies are going
to diffuse technology to the private sector, increased attention should focus on what
foundations states have already established in their industrial technology programs.

I would like to discuss State efforts in technology development as a way to demon-
strate why increased state-federal communication and coordination is necessary.

Witnesses before this Committee and other Committees of Congress have pointed
out the problems American industry are facing in better utilizing Federal laboratory
and Federally-funded university R & D for commercial applications. If our industry is
to be competitive internationally we must do a better Job to utilize R & D for technol-
ogy applications in both process and product arenas.

The American States in the 1980's, as documented in David Osborne's book,
Laboratories of Democracy, abided by Justice Brandeis's dictum and engaged in "novel
social and economic experiments," in the field of technology development. Programs
such as Ohio's Thomas Edison Program initiated by Governor Celeste; the Ben
Franklin Partnership Programs in Pennsylvania initiated by former Governor Thorn-
burgh; and other efforts in 42 additional states are testimonials to efforts to experi-
ment; to develop new relationships among States, industry, higher education, and, in a
few cases, the federal government.

Today there are over 400 small business incubators in the U.S. There are more
than 130 research parks. Seventeen states have industrial or technology extension pro-
grams. Approximately half the states have matching grant programs. Almost every
State has at least one or more centers of excellence. As we enter the 1990's, States are
continuing to experiment. My own state of Maryland has pioneered in investing in
enabling infrastructure centers with test beds for information technologies and bio-
technology firms. The States have been much more willing to intervene at more
"downstream" aspects of the innovation process and there is a wealth of knowledge
gained as to appropriate interventions and how to build sustained partnerships and
relationships.

One problem has been that the national government suffers somewhat from the
same problem some of our large corporations have suffered in commercializing their
in- house R & D. Both have a mind set that if it was "not invented here," it is neither
appropriate nor useful. Both suffer from a unique problem -- a security bureaucracy
that is adverse to collaboration and sharing. Consequently, with some exceptions, the
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Federal government has felt there is little to learn from these State efforts in technol-
ogy diffusion as they define, modify, and develop national efforts to improve competi-
tiveness.

The State programs in the 1980's provide an Information and knowledge base in
technology diffusion that should serve as the basis for a two-way communication path
for both the nation and the states. The State experience should be driving the design
of national efforts and vice-versa. A recent report of the Government-University-
Industry Rnundtable on "Federal-State Cooperation in Science and Technology Pro-
grams" provides guidelines and criteria for this state-federal interaction. But in the
absenice of a sustained mechanism between the national government and the States it
is even difficult to maintain the momentum in moving the implementation of this re-
port forward.

Task Force recommendation for states to consider forming of an interstate com-
pact may provide the kind of vehicle that will build a more sustained Federal-State
partnership. The states have already demonstrated the effectiveness of such an ap-
Droach when they created the Education Commission of the States. A compact would
help to build a strong state partner and player to ensure sustained national govern-
ment commitment in state/federal science and technology policy development, imple-
mentation and coordination. The record of national consideration of the State efforts
in the 1980's in technology development alone shows how far these communications
channels must be further developed. To fully address our national problem" in tech-
nology diffusion requires that the federal and state governments complement their
programs anti Investments in partnership with education, industry, and each other.

Defense Conversion and Federal Laboratories.
Another area mentioned in the Task Force report is the need for dose consulta-

tion and coordination between our "macro" and "micro" economic policies as the na-
tional government considers the future of its national laboratories. Governor Celeste
has already acknowledged the changing circumstances in which we as a nation find
ourselves with the end of the Cold War. This Congress, the executive branch, and
others, are attempting to determine how we can best handle the defense conversion
process as well as the future of many the defense mission-oriented national laborato-
ries.

Re-use of land and facilities; education and training of displaced workers; new
uses of workers and facilities -- all of these issues are as likely to find themselves ex-
pressed in a community and State context for local solution -- not just as a Federal
"solution." Most of the attention and focus on policy development at tile national level
is appropriately at the "macro" level. But we need to consider complementary State
and local actions from a "micro" level as well.

States have today an "economic development tool kit" much different than the
"smokestack chasing" tools of the 1960's and 1970's. They have customized training
programs -- a source of human capital technology investment. They have served as
catalysts in partnership with higher education and industry to build, equip, and diffuse
the results of their science and technology infrastructure.

I would like to cite two examples in which I was involved that show the need for
private sector, higher education, State and Federal collaboration. They illustrate why
the future of federal labs and how we undertake defense conversion necessitate inter-
action with State technology efforts if design and implementation is to be successful.
These examples come from the time when I was Deputy Secretary of Commerce in
Pennsylvania:

* Gulf Oil merged into Chevron and their 55 acre Harmarville R & D park out-
side of Pittsburgh, Pennsylvania became obsolete. In partnership with Chevron,
the University of Pittsburgh, and others, the Commonwealth of Pennsylvania
matched Chevron's funding to provide operational support over several years for
the facility to be transferred to university operation as an incubator for new
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companies; a research park for the region; and a research center In hazardous
waste supported by EPA.
Bethlehem Steel made plans to dispose of its Home Research Lab and park ad-
jacent to the Lehigh University campus in Bethlehem, Pennsylvania. Rather
than the land being broken up into small parcels, the Commonwealth partnered
with Lehigh University to provide a matching $10 million grant for Lehigh to
acquire several buildings and acreage--an entire established research park. This
facility is now home to one of NSFs Engineering Research Centers; an incuba-
tor; and firms participating in the matching grant program of the Ben Franklin
Partnership.

In both these instances, you find a creative facilitator or broker role by a state gov-
ernment. This is a role that would be difficult if not Impossible for the federal govern-
ment to directly play. Because of state efforts, our science and technology
infrastructure was further preserved and enhanced. But there was no Federal role or
responsibility even though the two cases owed much to Federal macro policy in regard
to acquisitions/mergers and policies in regard to the steel industry.

We face serious and difficult times as we deal with defense conversion and the
downsizing of American's larger industries. Solutions are likely to require partnerships
between states and their Industry; with higher education; and, between state and fed-
eral governments. "Micro" answers will require a Federal role and responsibility; just as
"macro" answers at the Federal level require a State role and responsibility. The issues
of defense conversion and the future of national laboratories are not simply national
problems with national solutions. They are Federal and State problems with, hope-
fully, Federal and State solutions, complementary In nature.

The Carnegie Commission's Task Force on Science, Technology and the States
makes a number of recommendations that might assist in forging these kinds of sus-
tained relationships in the future through Improved Federal and State government
communication and ongoing relationships..
Building Sustained State Capacities in Science and TechnoloyV.

The Task Force report, as noted by Governor Celeste, also makes a number of
suggestions about what states should be doing to improve their capacities in science
and technology -- not just in economic development -- but across the board.

While State governments have modernized and come a long way during the past
20 years, there still remains room for improvement. A source of science and technol-
ogy advice in handling crises and major issues; an overall advisory group that would
develop a vision of the role of science and technology in a state's strategies; and access
by state legislatures to objective analyses have all been suggested in the Task Force
report.

With the increasing complexity of decisions; the Increased volume of information;
aid the rapidity with which public sector decisions need to be considered and made In
a context of major long term consequences -- suggests the need for States to further
improve their science and technology capacity. The State experiences in technology
development can then be replicated in other fields from environment to education.

Having been a Research Staff Director in a State Legislature and both an Assis-
tant State Policy and Planning Director and Director in two different states, I can per-
sonally speak to the importance of access to expertise and knowledge. But I would
also point out that the structure, design, and operating philosophy of the science and
technology apparatus will vary state by state. There is not a national uniform model
that every State must adopt nor Is their a Federal model that States should adopt.
The Task Force's reports recognizes the need for this flexibility In adaptation to eachState's environment.

Summarv.

Science and technology is becoming a critical component of the governance of our
state governments just as it Is for the Federal government. The Task Force on Science
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and Technology and the States represents an important element in bringing the Fed-
eral and State governments into a closer partnership to learn from and contribute to
each other's problems and Issues. It also suggests a set of both Federal and State ac-
tions that not only will improve the use of science and technology expertise in public
decisionmaking but will also improve the coordination of mutually reinforcing science
and technology efforts of the national government and the 50 States.
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T ECHNOLOGY- INNOVATION AND DEVIELOP.
f ment emerged as a major component of state
f and local economic development strategies dur-
A. ing the 1980s. Bv the end of the decade, forrv-

four states had some re of technology program
These state programs could he classified in several

wass. The predominant program component a.s
technologs' and research centers-accounting for -1
percent of state technologs development funds-fol-
lowed bv research and development grants, technol-
ogy transfer mechanisms, seedvsenture capital funds.
and technical and managerial assistance. In addition,
mans states and localities initiated major capital pro-
grams for research center facilities and equipment.
set up incubators. and launched research parks.

By and large. most state and local efforts were de-
signed to intervene later in the innovation process
than had traditionally characterized the federal sci-
ence and technologs polics: focused largely on basic
research, that preceded them. A few states-Michi-
gao and Pfenns! ivnia for example-began t) pro-
side sersices throughout the innovation process

THE 1980S BOON: NEW EMPHASES

As ssould be expected in a pernix of ferment and ex-
penmentation. many of these relatively ness state
and local efforts ssere fragmented. haphazardly orga-
nized. :ind not wsell-linked to-or reinforcing of-
each other: On the oiher hand. the progtamis offered
the paradigm of state and local econonic dceselop-
ment practice several newv emphases. namely.

* Risk: a new interest in nsk-oriented programs.
including equiat. seed, seoture and working
capital investments.

* Credibilit.: a recognition th:it technology is an
important component tif assistance t( tradi-
tional indusaires, particularly manufacturing;

* /ii,'ierl edhcatioon an iicre:sel awareness that
higher educat ionail ItoSiLtttitis pl:nV a crucial
role in state and Itcal ccotnomic develtopment

* HJttreprenrei a: an increased interest in working
with and invoilvig ciirc-rcinrdri-uven busi-

nesses, as contrasted to public agencY focus tin
Fortune 500 firms during the 1960s and 19-0s.

As to the effectiveness of individual components
of these 1980s-style technology innovation effortsr
the juny is still out. It may stay out for a consider-
able while, due to the failure to establish account-
abilitv and assessment measures into these pro-
grams from the outset.

Al the same time. esidence is emerging from pro.
grams like Pennsylvania's Ben Franklin Partnership.
Ohio's Thomas Edison Technology Centers and In-
diana's Corporation for Science and Technology that
new relationships hase been forged and new capaci-
ties established that hnk technology to economic de-
velopment Moreover. at least a fe. jurisdictions are
establishing ness public sector roles and functions.

MODELS FOR IMPACT

State and local technology development programs.
like other components of economic development
strategs. need new organizational structures. ness
types of delivers systemns and modes of operation.
and improved management and development incin-
tiues. In short. they need to adopt Third Wave pmn-
ciples.

Third Wave thinking has already arrived in some
aspects of state and lucal technologs development
efforo. But more is called for. Five aspects of the de-
sign of state and local technologs development ef-
forts should be addressed.

Leverage. Seseral technologs- development pr)-
grams adhere to one Third WXave principle they re-
quire that pivate sector funding be committed to
the efftirt before public restource commitments ar
made. But more need to follow this leveraging
principle.

One example Ls Pennsylvania's Ben Franklin Pan-
nership Program, which links private sector firms
%svih the specific research capabilities of educational
istitutitions o help spin-in" advanced technoltpg
applications to cxisting industnes and spin-off' nesv
products and firntst on the leading edge of innova-
tion. The Partnership's Grant program requires that
one dollar of invaic- suppi in match caci dollar t if
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puhlic suppon. The university and the firm involved
in a project with the Center must reach agreement-
and put their commitment in writing-before public
funds are released. Ukeswise, before an Ohio Thomas
Edison Technology Center can expend public funds.
the private sector match must be in hand. Such le-
verage provisions and private sector commitments

allow the market to drive the program, helping to as-
sure that the private sector is setting the agenda.

Another example of leveraging is found in several
states efforts to increase the seed and venture capi-
tal available to start-up firms. Replacing the tradi-

tional loan finance programs directly operated hb
government. seedventure efforts in Pennsylvania.

'R-E EDISON WELDING INSTITUTE: AN INTERMEDIARY ORGANIZATION

The Edison Welding Institute is a functioning example

of a Third 'ave intermediary organization for tech-

nologv development. located in Columbus. Ohio. the

Edison Welding Institute (EWI) is one of Ohio's nine

Edison Technology Centers. The Institute represents

the type of intermediary organizauon that brokers

and utilizes the resources of govemment. industry

and higher education through shared ownership. To

date, it has received over f30 million in state, indus-

trial and university support.

EWXI was formed out of the merger of a National

Scence Foundation-funded universitv-based center.

the welding activities of a contract research center-

Battelle .Memorial Institute-and the U.S. members of

[he United Kingdom-based Welding Institute.

Today, E1 wsorks closely with Ohio State Univer-

siry's Welding Engineering Department, particuLarly in

basic research areas that take best advantage of f2culrt

interests and expertise. Ohio State. as pan owner of

EMi. has provided five -ears of rent-frec use of one of

its buildings, and holds two seats on the Board of

Trustees.

E5Z1 is operated by its 228 industrial members who

lekt both its Board of Trustees as well an IndustriAl

Advi-ory Board. The Boardselects research projects

and establishes service priorities.

The Institute is ortanized into three units-re-

search, education and applications.

kswdi Research may be cooperative. invoving

Ohio State University and one or more members is

well as EWI staff. it mav be a single firm project or a

group project. Confidential proprietary esearch ac-

tivities are permitted and members have a say over

how their dues are dinded berween core efforts. spe-

cific services, and research projects they wish to

sponsor

Eboatlba. The education and training agenda of EMI

builds on the results of its research efforts. integrating

the results of research into education and raining ser-

,ices. Educational activities include opportunities for

member firms to interac wvith M'Is 50 person staff.

and to participate in workshops, seminars and confer-

ences. EWI provides a considerable amount of infor-

mation to its members through videotapes. inspec-

lion and training aids. and training and development

consulting services. The education and training role

includes 'hands-on- work-even designing operator

and maintenance manuals and providing customized

training progranms for large and small firm members.

Appilaiaos, The third major focus of EWf-applica-

tionmaLso builds on the Institutes research exper-

tise actively assisting firms to use research in their op-

erations. EWIs applications work can include

providing problem-solving services to one or more

members at a firm's site or at EWMs facilities. Applica-

tions engineering services assure that ire Institute not

only -thinks but -acs- to improve the manufacturing

competitiveness of its members.
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To uniurtvirv and thefirm' inolvtd in a project uvith a

&nse /i -anklin Iarinersiip Cener must reach agrevnent about their
resnierce commitments-andput their commitment in wytting-

hiforespublirfunds are released

Michigan and Marvland have attempted to leverage
public funds and, in the process, permanently
change pnvate sector behasior. These states have re-
quired between a 2- and 3-o- I povate-to-public ratio
for the dollars a client firm raises.

Moreover, some states invest public funds to cre-
ate larger, pnvately-managed funds. The public role,
besides being lead investor. is limited to selection of
the general manager and certification of the match.
along r ith after-the-fact monitonng of results. Public
funds are treated in these deals much like pnvate
funds-as investments that carm- both the nsk of fail-
ure and the possibility for good return. The public
policy objective? Stimulate greater amounts of pri-
vate funds for firms at the crtical start-up and expan-
sion stages. but do so in a war that will encourage a
long-term change in pnvate sector behasior and
practice-that is. more ongoing investment in seed
and expansion capital.

Operating Intermediaries. Effective state technol-
ogs development programs, rather than take on
day-to-day program management and functional
responsibilities themsel-es, hase operated through
locally-owned intermediaries, usually non-profit or-
ganizations. In contrast to most public bureaucra-
cies, these intermediaries are able to respond
quicklv to indusirts demands. Thev are flexible in
attitude, responsive to the customer, and see their
role as investors-all aspects of Third Wave organi-
zations. They function as what Richard Hatch else-
where in this Rev-ietw calls brokers. or facilitators.
rather than as direct senrice providers.

Although theN seem to ha e some characteristics
of intermedianes, university technologs- centers,
whether based on campus or in an affiliate arrange-
ment, are by and large still making Second Wise ad-
justmencs. Miany states, including New York. NewJer-
ses. Minnesota, Kansas. Iowa. Marsland, Virginia,
Washington and Utah. have used such centers. But
the firms the- serne has-e generally been Fortune
500, not the nevwly important small- and medium-
sized firms. Their ficus has been the development of
basic or fundamental knowledge. with only minimal
attention devoted to cntical services like technolos
transfer, testheds, demonstrations, market informa-
tion and applied R&D.

But there are now many examples of movement
toward using effective intermedianes. High Technol-
igs Councils hav. hcct- estahlihs-il throighoUt the

U.S.-in Pittsburgh. Kansas City Chicago. suburban
Maryland-to be network brokers. Effective technol-
ogy oriened incubators in some communities have
gone beyond simply serving their tenants, plasing a
broader broker role in their communities. Some
state technology development programs locate pn-
mary decisionmaking responsibility in regional bro-
ker organizations. Intermedianes don't alway s do it
all themsel-es; they often contract out for R&D and
other entrepreneunal development functions, the
Ben Franklin Centers being a good example. State
and local govemment roles in these entities range
from parial owner or investor to promoter.

Other new organization models are emerging that
provide an additional altermative to the traditional re-
search centers. These mechanisms, generally called
consoria or nenworks are more often found in

Europe than the U.S.. and are designed to service
small and medium firms. In my parlance, both con-
sortia and networks are groups of firms that come
together to define, organize and/or provide some
needed information or technical assistance sernice.
Consortia are more formally established, with staff
and facilities, whereas networks may involve less for-
mal associations among firms, without dedicated
staff. In either case, the- are market driven in de-
sign and implementation, with a particular focus on
product prototype design, technology transfer and
international markeung services. (For more on for-
mal and informal networks, see Richard Hatch's ar-
ticle in this Review:)

Three standout U S. examples of consonia include
Ohio's Edison Tecinolog!- Centers, the Michigao
Strategic Fund-supported Technologs Centers, and
Pennsylvania's Ben Franklin Partnership Programs,
supplemented by its new initiative to form networks
through trade associations. These new structures in-
clude some of the key components of a Third Wave
organizational design for technologys development

* Centers are non-profit membership organiza-
lions, pnvate and independent, with shared in-
volvement by industry, university and govern-
ment partners.

* Higher education is an important but not domi-
nant partner.

* The public sector role is pnmanRl lintited to ihat
of catalhst or faH litatori
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* Public support is given for both core (research)
and proprietary (product development) projects
using a competitive process.

* Public funds leverage private funds with private
sector commitments made up-front.

* Centers provide a comprehensive range of ser-
vices. with particular emphasis on design. mar-
keting and information services. R&D is not the
exclusive focus.

Competitive and Incentive-Driven Framework. Ohio
and Pennsvivania have built another Third Waxve
pnnciple-competition-into their technology de-
velopment efforts. In each case. state-supported
centers compete for a share of state hunds avail-
able. They must demonstrate. both on a quantita-
tive and qualitative basis, that they meet ox erall
program objectives.

Another example of incentive-driven effort is tech-
nology incubators, usually located near universities.
In return for access to university resources and be-
low-market-rate rents, incubator tenants at the Uni-
versirv of Maryland and Lehigh Universir- must give
up a small equirt in their firm. Public funds help un-
det rwte the incubator's operations. In tum. locating
in an incubator helps improve a firm's survival rate.
secunog the public's long-term investment in the
firm.

Integrating Efforts. Technology development ef-
forts embrace many state or local government
agencies and departments. But technology- pro-
grams have generally failed to establish synergy
among these agencies. In part, this has been due
to a lack of an overall set of policies and strategies
to provide a common framework under which re-
inforcement and linkages might occur.

Intermediary organizations can play a critical role
linking action, policy and strategy, serving as .srt of a
riilroad roundhouse.- directing traffic, resources.

and activities. Pennsvivania's Ben Franklin Partner-
ship Centers do this, with over $25 million in annual
project grants to use as an incentive, along with a
mandate to do much more than R&D. New York and
Maryland have set up regional councils that play a
similar role, but without benefit of grant funds to ad-
minister.

Assigning delivery of programs to the regional and

local levels, rewarding performance and linkages
through a competitive allocation process. and send-
ing the same message of reinforcement to each ele-
ment of the deliverv system will more reasonably as-
sure that efforts will be integrated than Mill any
coordination by goveemment fiat.

Accountability. Because public technology devel-
opment programs have generally lacked a com-
petitive nature, they have also discouraged the de-
velopment of accountability mechanisms. In the
new efforts, one surrogate accountability mecha-
nism is the leveraging of pnvate sector funds. Pr-
-ate sector funds and support are not likely to con-

tinue over multiple years if progress-and
profits-are not being achieved. In short, leverag-
ing is a good design measure for accountability as
well as impact.

Unfortunateh: nearit half the state and local tech-
nology investment in this countr- stIl goes to re-
search centers, many of which do not require match-
ing funds or industral involvement in their efforts.
Consortia and networks, on the other hand, are bv
design required to establish accountabiirs Their
members will not renew or pay their dues if their are
not satisfied. Consortia,. while having to expend con-
siderable Lime in maintining membership satisfac-
tion, provide a market-driven alternative to research
centers. Consortia services-like transfemng tech-
nology and providing market and design services-
generate direct member feedback, assurng more ef-
fective utilization of resources.

EIGHT DESIGN RULES FOR IMPACT

State and local technology development efforts rep-
resent "novel experiments- and are imponant com-
ponents in building state and local entrepreneurial
economies. Small firms account for much of the in-
novation in this country and a disproportionate
share of the job growth. Large firms rely on techno-
logical innovations from small firms to maintain their
competitive edge. If sate and local technology devel-
opment efforts are to contnbute to tiese efforts at a
sufficient scale and with sigrtificant impact, they must
give more attention to Third Wave organization and
design characteristics. Utilizing Third Wave pnn-
ciples. I can suggest eight rules for improving the de-
sign and operation of state and local technology in-
novation programs in the 1990s.
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Przi late sectorfunds and support are not likely to continue

over itnulliple years if progress-andprofits-

are not being achieved

* Build Nelworks and Consortia. Give as much, if
not more, support to building network and con-
sortia arrangements as is now given to university-
based research and industrial affiliate centers.

* Establisb Local Intermediaries. Develop local
intermediary organizations with sufficient flexibil-
itv and resources to offer incentives for linked pro-
grams and efforts.

* Wholesale Services and Programs. Provide
funds and services on a "wholesale" basis to such
intermediaries, allowing them to leverage those re-
sources and become the sem ice delivery agent for
their natural constituencies. instead of having state
government itself directly pros ide-or retail its
programs. This helps build local ownership and
private sector leadership.

* Require Leverage and Commitment. Assure a
more market-driven approach by building such
principles as leverage and private sector commit-
ment into public policies and decisions.

* Fill Gaps and Change Behavior Design and
provide public programs that fill actual gaps in
needed activirv and encourage changes in pnvate
sector behavior-so that the gaps don't reappear
in the future.

* Invest. Don't Grant. Use public funds as invest-
ments rather than as grants or loans to firms. This
compels both the public and pnvate sectors to
share nsk and reward.

State and local technology development efforts
should remain pluralistic. There are roles for higher
education institutions and research centers, match-
ing grants, incubators, and seed and venture capital.
Third Wave principles can help guide and improve
these programs, further demonstrating the effecuve-
ness of these experiments in our states, regions and
communities.

was Plosita is President. iotgomrn- Hiigh Tech,,olog,
council. tMro 5t .onroe Street Suie 1701. Rockiille .110
20850

* Make Policies and Programs Contprehensive.
Address technological innovation through compre-
hensive rather than narrowly-defined programs.
For example. don't separate the needs of manufac-
turers from the rest of industrv. or limit a program
to simply funding R&D while not including an en-
trepreneurial support role.

* Generate Competition. Provide ongoing funding
through a competitive process. It designs account-
ability in and furnishes a basis for future invest-
ment.
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PREPARED STATEMNT OF 1DWARD HUDGINS

I want to thank the Committee for the opportunity to comment today on the
Carnegie Commission's Report on Science, Technology, and the States In America's Third
Century.

I will begin by complimenting the Camegie Commission and this Committee for
focusing on two topics that will be of increasing importance to America through the
end of this century. First, advances in science and technology in the past have kept
America a leading world economic power. These advances have improved immeasura-
bly the quality of life for Americans and made possible a prosperity for all. Rapid ad-
vances in the future, and the need for rapid applications of discoveries and
innovations by industry, will make science and technology even more crucial. Second,
as society grows more complex, the limitations of centralized federal government pol-
icy become clear to all. The need to decentralize science and technology policy means
giving more attention to policy at the state level and returning to the states greater
power to control, to make and implement their own policies.

Since the end of World War Two, science and technology policy has been domi-
nated by the federal government As the Caregie Report notes, this was due in large
part to defense and Cold War needs. In addition, national laboratories have had a sig-
nificant influence on scientific research and agendas. Further, the National Aeronau-
tics and Space Administration (NASA) also has controlled agendas and resources. The
end of the Cold War now requires policy makers to question the purpose of science
and technology policy, and the proper role of federal and state governments respec-
tively in its devefopment and implementation.

The Carnegie Report offers a number of recommendations for establishing new
government structures to coordinate and facilitate government science and technology
policy. One set of recommendations would create advisors and institutions within the
states to provide the governors and legislators with information necessary for sound
polic decisions. I am generally in agreement with these recommendations.

The second set of recommendations focus on coordination of efforts between the
states. With these recommendations I have some concerns. The call for information
sharing between the states is appropriate. I am concerned, however, with attempts to
harmonize policies among the states. There certainly is a common interest in seeking
to regain control over policy and resources from the federal government. But innova-
tions in state policies often come through competition. Education reform, especially
school choice, and welfare reform come through pioneering efforts of policy entrepre-
neurs, not from the National Governors Conference. Thus, the benefits of coopera-
tion between the states in science and technology policy should not be oversold.

The final set of recommendations suggest cooperation between the federal and
state governments and partnerships with the private sector. With these I have con-
cems as well. They raise the specter of national planning that could discourage tech-
nological entrepreneurs, as politically powerful elites, whether from business, private
foundations or universities, gain undue influence in science and technology decision
making. I also fear the creation of yet another layer of stifling bureaucracy, this one
overlapping the layers of the states and the federal government.

What I will do in my analysis of the Camegie Commission Report is offer observa-
tions concerning the role of government in science and technology policy. I will then
raise issues and topics of concern and opportunity that I hope the Committee will take
into account in its deliberations.

THE GOALS OF SCIENCE AND TECHNOLOGY POLICY
Science and technology serve a number of valuable functions in a modem society.

The philosopher Aristotle said that "All men by nature desire to know." The pursuit of
scientific knowledge for intellectual enlightenment and fulfillment is a defining charac-
teristic of the human race. Universities and private foundations should be the princi-
pal facilitators and funding sources for this purpose.
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Of course, governments, especially state governments, now provide major funding
to universities. But I call attention to the lead played by non-government entities even
in huge, costly science projects. The largest working telescopes in this century, for ex-
ample, were privately funded. These are on Mount Wilson, California, funded early in
this century by the Carnegie Foundation, on Mount Palomar, California, built and
opened in the 1940s with a Rockefeller grant, and the recently opened one on Mauna
Kea, Hawaii, paid for principally by the W.S. Keck Foundation.

Government non-defense concerns with science and technology are more appro-
priately focused on two principle issues. First is America's economic competitiveness.
Science and technology has made possible the development of new products, more
cost-effective production techniques and medical breakthroughs that have made
American firms world leaders. Second is so-called public goods. For example, ad-
vances in science and technology allow for a cleaner environment and improved trans-
portation.
FROM DISCOVERY TO END PRODUCTS

I assume that the proper place for the development of new commercial technology
is in the industrial laboratories of America's businesses. To place the Carnegie Report's
recommendations in perspective, it is important to note that the ability of American
firms, universities or other institutions to keep at the cutting edge of basic research in
science and technology is unsurpassed in the world. From a point of view of competi-
tiveness, the problem often is their inability to translate such advances into marketable
end products. The Carnegie Report correctly observes that federal laboratories have a
spotty record of making their work accessible to the commercial sector. For an inter-
esting discussion on state efforts to promote competitiveness, I call your attention to
Innovations In Industrial Competitiveness At the State Level prepared by Edward V.
Regan and Bruno J. Mauer, co-chairs of the Task Force on State and Local Govern-
ment Initiatives in Industrial Competitiveness, and released in December, 1984 as a
Report to the President's Commission on Industrial Competitiveness.

It should also be added that in many cases businesses themselves have made poor
economic judgments and after the fact claimed to need government help to keep on
the cutting edge of technology. For example, in response to declining market demand,
in the late 1970s and early 1980s many American manufactures of small "dynamic ran-
dom access memory" (DRAM) semiconductors decided to drop production of these
then-unprofitable products. Many turned instead to manufacturing larger chips. This
generally was a wise move. But demand for DRAMs again rose. When the Japanese
began to dominate the market in small chips, some American firms complained that
they could not compete and sought, among other things, a government-business part-
nership. The resulting fourteen member consortium, Sematech, was created in 1988
with half of its $200 million annual budget paid for by the federal government. As
with other such partnerships, Sematech has given rise to calls for increased funding
and increased scope. The federal government is placed in the position of picking win-
ners and losers, which it can do no more adequately than private enterprise.

More important to translating discoveries into end products are government regu-
latory and tax policy. Companies often cannot afford the costs of development due to
high taxes or restrictions on banking. Others find that the uncertainty created by
changing federal regulations discourage investments. This happened to the American
automobile manufactures in the 1970s. Because they were not certain of what sort of
fuel efficiency standards of other regulations would be placed on them from one ses-
sion of Congress to the next, they often hesitated to invest in the sort of new technol-
ogy that would have keep them competitive with their foreign counterparts.

Antitrust laws have prevented the sort of cooperation that has allowed the Japa-
nese to translate new discoveries quickly to marketable products. The recent increase
in joint ventures among American firms and between American enterprises and for-
eign companies is an appropriate means by which the high costs of developing new
technologies and translating them into marketable products can be covered, and the
time required for this development shortened.
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An instructive discussion of this topic is found in the January 1985 Report of the
President's Commission on Industrial Competitiveness, Global Competiton: The New
Reality. This Report examines some of these problems of translating discoveries into
marketable products.

The point I make here is that it is often unwise to spend taxpayer funds on new
basic research in the name of competitiveness if the mechanism for bringing end prod-
ucts to the market is defective.

In the context of the central role played by the private sector in science and tech-
nology, we can now turn to a consideration of the proper role of governments, both
federal and state, in this area. One way to do this is to examine some of the problems
in this area that we face and ask how governments help or hinder.

POLITICIZED SCIENCE
America's economic strength is tied closely to its preeminence in science and tech-

nology. The pursuit of knowledge in these areas is characterized by the honest, ra-
tional quest for an objective truth. Ideology has no influence on the laws of nature.
Wishful thinking will not discover a cure for polio or invent a computer chip.

In recent years, as science and technology has become more a matter of public
policy, the integrity of the pursuit of knowledge has been threatened. For example,
the federal government's ten-year, multi-agency study, the National Acid *Precipita-
tion Assessment Program (NAPAP), was conducted by scientists seeking the truth
about acid lakes and streams. Their conclusion, however, that acid rain had little to do
with this problem, did not fit the ideological disposition of Congress and the Admini-
stration. The Administration, knowing the contents of the report, rushed ahead with
clean air policies that the study could not support ahead of the report's release date in
order to avoid facing uncomfortable facts.

In March of this year, NASA announced that a hole in the ozone layer over North
America could open up in the summer, threatening increased levels of cancer and
other direct threats to the public health. The concern was over the presence of a
CFCs, an element in the atmosphere associated with ozone depletion. What NASA
failed to mention was that this association occurs only in the presence of an arctic win-
ter. It seems that NASA was interested in making political points over their concern
for the environment and building a sound basis for further federal funding of its pro-
jects.

Other recent debates have been characterized by distortions of evidence and ig-
noring of the most recent research and facts. The global warming controversy espe-
cially has stretched the integrity of science.

Politicized science threatens to undermine the public trust in one of the few insti-
tutions that enjoy a reputation for integrity. The Carnegie Commission recommenda-
tion that states create their own scientific advisors thus could be a positive step, a way
creating balancing sources of information and knowledge. State officials could thus
question some of the assumptions, based on ideological beliefs masquerading as scien-
tific fact, on which Washington bases many of the unwise policies that it imposes on
states. I would suggest that state science advisors or boards of experts, while keeping
abreast of what federal agencies and experts claim, also keep their independence.

SPECIAL INTEREST DOMINATION
The need for advanced technology is especially susceptible to manipulation by spe-

cial interest groups seeking to profit from taxpayers funds in the name of the public
need. Military spending, absolutely essential to the country's defense, has been one of
the principle sources of pork barrel spending and special favors for the districts and
states of influential politicians. Increased attention has been paid in recent years to
academic pork, such as research centers, opened in the name of science but more
serving political interests and not representing the rational allocation of resources.

The Space Station is perhaps the most outstanding current example of special in-
terest pork in the name of science and technology. Many analysts point out that.

l
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neither the Station nor the Shuttle is needed as a platform for a return to the Moon or
journey to Mars. Many scientific experiments that proponents say can be done on the
NASA Station also could be done on smaller, cheaper mini-stations. And most scien-
tists, if asked which projects on which to spend public funds, would put the Station at
the bottom of a list of priorities. But a handful of large contractors who benefit from
the station are politically more powerful than other groups and thus will be able to
commandeer $40 billion from the taxpayers.

The danger of a politicized distribution of resources argues against too close a
partnership between governments and industry in the pursuit of science. The Carnegie
Commission recommendations along these lines, while well intentioned, pay too little
attention to the unintended consequences of mixing political and economic power.
TRANSPORTATION

To understand the benefits and limits of government involvement in science and
technology, it is useful to consider the example of transportation, cited by the
Carnegie Report as an area that could benefit from new technological advances. First,
many of the solutions to problems that state officials might seek in technology can be
found in public policy. The high costs of mass transit, for example, might conjure up
dreams of cheap monorails or other exotic technologies.

In fact, close inspection of the Section 13(c) of the 1965 Urban Mass Transporta-
tion Act would be a better route to inexpensive transport. This Section mandates that,
when receiving federal grants, local transit officials must show that the funds will not
be used to the detriment of the transit workers. In practice this has meant that transit
official must hold special negotiations with transit unions and grant extra pay hikes or
concessions that keep the cost of mass transit high.

In the area of transportation, often the most important question is not "What new
things can we invent?" but "What is the most appropriate, cost-effective technology
for dealing with a problem?" A Denver-based, private, not-for-profit group,
Transportation-2000, has sponsored conferences in the past two year and plans future
ones to explore the use of new technologies and a whole range of transportation is-
sues. The most interesting thing about these conferences are concern the costs of
technologies and systems. Here an analogy with foreign aid is useful. In the past it was
believed by some that the best way to help less developed countries would be to help
them purchase state-of-the-art technology. But now the concept of "appropriate tech-
nologies" tells us that a small plough to be pulled by abundant local animals might be
better than expensive tractors.

For an American city, a high occupancy vehicle or bus lanes might be far cheaper
and more effective than a costfy, modem subway.
THE ENVIRONMENT

A recent environmental example illustrates the problem with a concentration of
science and technological decision making at the federal level and the benefits of com-
petition with state science policy. Donald Stedman, a chemistry professor at the Uni-
versity of Denver found in his research that fewer than 10 percent of the cars,
primarily older cars or those not tuned up, cause over half of the total auto pollution.
Not satisfied with mere information, Stedman invented a device that works similar to
a radar gun. It can measure the real pollution output of moving cars, which is more
accurate than measuring emissions annually at inspection stations. This invention
would allow local officials to target the polluters.

The federal EPA knows of the Stedman device but is doing little to promote it's
use. Why should it? After all, it takes away from the importance of the EPA? Now,
however, some state government official have been made aware of the device and are
considering its use. Here is a case in which a state government science advisor or
board of experts could evaluate and make use of such a device. This is also a case in
which information exchange between the states, as suggested by the Camegie Report
would benefit. And it is also a case in which the states might work together to oppose
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federal policies that severely limit local flexibility to deal with their own environmental
problems.

CONCLUSION
The states are correct to focus more attention on science and technology, on the

need to acquire the information necessary to make sound policy decisions in an ad-
vanced industrial society, the need to counter federal government control and un-
sound policies in this. area, and to cooperate on a very limited basis to maintain a
certain degree of autonomy in this area. But they should avoid establishing new bu-
reaucratic structures that, like the present ones, will only serve to hinder basic scien-
tific research and the development of new technology.

0


