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ITHNOVATION AND BCIENTIFIC FUNDING

Richard A. Muller

University of California

Berkeley California

It is difficult to judge the performance of the scilentific funding agen-
eles, for (like physicians) they can often bury theilr failures. Rejected propo-
sals usuvally mean doomed projects. If the projects survive rejection aund
succeed, it is rare that they achieve recognition soon enocugh to alert the fund-
ing agencies that mistakes are being made. However, in 1978 just such a situa-
tion occurred. I was given both the Alan T. Waterman Award of the National Sci=-
ence Foundation and the Texas Instruments &Faundation Founders® Prize for
research that had been initially rejected for funding by the National Science
Foundation, the Department of FEnergy, the National A@r@nguﬁics and Space
AMdministration, and the Department of Defense. I felt an obligation to make my
experience known, not because I thought it unique, but because of my unique
position as the reciplent of the awards. A discussion with Dr. Frank Press of
the White House Office of Science and Technology Policy led to weetings with
agency heads and to testimony before the Committee on Science and Technology of

the U.S. House of Representatives. 7This article is an adaptation of that tes-

gimony.
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I had been able to proceed with the rejected projects by "clrcumventing the

gyvsten”. I had been advised by myv mentor Luis Alvarez to spend money desiznated
v ¥ my ¥y g

for other projects on the wnfunded work. He sald that 1f the projects were suc~
cessful, nobody would question the propriety of having done this. I was helped
by our NASA funding monitor who allowed us to designate a fraction of a gré@t we
had as “seed wmoney" for new projects, as long as the amount was small and
remained “low profile”. 1In addition, I was able to obtain some seed money from
the Lawrepoce Berkeley Labﬁzaisfys although those iovdlved felt that they were
taking a2 risk since the projects were not lmmedlately relevant to the Department

of Epnergy mission.

It 18 well-known in the research community that one cannot expect & propo-
gal to be funded until ome has done a considerable amount of work om the pro-
ject. When I began research in 1965, ocur research group often received wmore
than the wminimum support necessary for our projects, and the excess money was
used to seed new ldeas. Only a small fraction of these ideas led to a formal
proposal . If the proposal was funded, it could provide seed money for the next

ideas

The situvation gradually changed. By 1972 our proposals were scrutinized to
make sure we would receive no more than the minimum necessary. Rarely did we
receive the total requested. By 1976 few of our proposals received enough mouey
even to sustain a project, and we had to cbtaln support from more than one
agency. Much of the time we had once devoted to thinking about new projects was
now spent writing and polisghing proposals. Tight funding, increasing overhead,
and additional counstraints on spending has made 1t more and wmore difficult to
begin npew projects. Fortunately the Lawrence Berkeley Laboratory has continued

to make seed money avallable, making it possible for our research program to
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continue to evolve.
INNOVATION

1 have originated several projects termed "innovative” by the award commit~
tees and others, and I would 1like to make a few personal remarks about my
experience. As I look back on the pericds when I was begimning these projects,
I zecall them as some of the wost difficult and stressful of my life. In a very
well known quip, Thomas Fdison said that "lonovatlon is 17 inspiration, and 997
perspiration”™. Isabella Conte, who studied innovation in architecture, sug~
gested that there are two stages which must come first: "preparation” and "incu-

bation”.

The periods that I found the wmost uncomfortable were those of preparation
and imcubation. During these periods one asks many questions and obtains few
answers. 1 was wnsure of myself; my response to colleagues’ questions about
what 1 was "up to” was "nothing in particular”. At times I hoped I would get a
clear answer that an idea 1 had would not work, just to relieve the anxiety of
doubt . Fewer than one in ten ideas cutlived a week; of those that did, fewer
than one in ten turned iuto an experimente Preparation involves a considerable
amount of reading, particularly in new areas of science. Some colleagues felt I
was loafing, and I wasn’t sure they were wrong. A director of a national labora-
teryo accused me of arvogance for suggesting tﬁat I could contribute to a field

of research in which I had no experience.

The perilods of preparation and incubation are the most fragile in the inno-
vation process, and more attention sh@éld be paid to them. Many of the pro-
cedures followed in the scientific funding process have the unintended effect of

suppressing these stages. To stop the growth of a tree it is not necessary to
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chop the tree down; 1t is sufficlent continuwously to clip off the top. The pro-
cedures and various restrictions which do the damage were created to achileve a
measurably good effect while causing unmeasurably small harma‘ I perceive that
part of the problem with scientific imnovation In this country may be the cumu-
lative effect of many small regulations each one of which does wni,mmaz«zs?@i,;za‘b;L}r”
small harwm. I will give examples to illustrate how features of the present

£unding system tend to suppress innovation.

Whea E.0. Lawrence was the dirvector of the Kadiation Laboratory at Berke-
ley, T am told that he encouraged his graduate students to practice machining in
the shops after hours. He knew that the students would become expert machinists
much more quickly 1f they took this opportunity to work on their ?ersoaai and
howe projects. Wear and tear on the machining tools would be negligible, and
the skill gained would improve research. Now govermment law prohibits this
efficient and effective learning method. As a result few sclentists are profi-
eient wmachinists, and few learn the capabilities and limitations of the machine
shop tools. Without this knowledge (acquired during the scientists’ spare time)

the scientist i3 unlikely to be able to design state~of-the~art hardware.

Restrictions placed on foreign travel also have a severe effect on inonova-
tion. Science is obviously international in scope, and participation in foreign
conferences is exceedingly important in the "preparation” stage. The number of
experts in a given area is small, and participation in topical conferences is an
efficlent way to meet and talk with them. Yet forelgn travel ies strictly ILim~
ited, and that which 1s allowed has special restrictions {(e.g. U.8. carriers
must be used) unless the Inconvenience 18 substantial. The dimportance of
several international conferences to my research is clear in my mind, and I

belleve I attend such meetings far more rarely than I shoulds I do not know
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whether the restrictlons on foreign travel were created to save money, benefit
U.§. airlines and the balance of trade, or to prevent the appearance of a hoon~
doggle. But Z'am sure that a cost/benefit analysis would sh@@ the foolishness
of these restrictions when applied to basic research, especially 1f the substan-

tial harm to "preparation” could somehow be gquantified.

Paperwork is another problem. BEvery time I £111 out a form I can see the
reason the form was created, but I doubt that the originator antlcipated the
substantial fraction of my time that I wnust now spend £illing out forms, or the
large fraction of my research budget which is allocated to "overhead" im part so
that the more complicated forms can be f£filled out for me by professionals. 1 am
told that experimental physicists of decades past spent most of thgiz time in
the laboratory:; I sometimes think that I spend the majority of wmy time at a

desk. I have become a far more expert typlst than machinist.

Teaching and consulting have played central roles 1in my preparation and
incubation periods, although to many people they appear to conflict with
research duties. Perhaps due to this apparent counflict, there are rules which
tend to suppress these activities. Teaching is one of the best ways to fami-
liarize oneself with new areas of science other than those currently being
researched. A course in optics that I tavght dn 1972 as a part-time lecturer
led directly to two research projects that were cited in the Waterman Award. A
colleague of mine wanted to volunteer to teach a course, believing it would help
his research, but was not allowed to do so under his research grant. He was
rvequired to do "full time" research, despite his judgment that a combination of

teaching and research would improve his research productivity.
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RISK TAKING

A funding agency must not be judged by its failures, or by its "waste” of
money, any more than we Judge Babe Ruth by his strikeout record. Those who
award research grants must not be discouraged from taking risks. Congress must
make 1t clear to the funding agencies that it 1s proper, and essential, to take

risks.

As I mentioned eavlier, my own best work was begun during periods when it
might have looked to an outsider that I was wasting my time. A person’s career
in physics is judged by his peers on his accomplishments, not by his efficiency.
We should apply the same principle to the funding of science. A funding agency
should not be critileized for fallures 1f that agency has a good record of taking
risks which succeeded. In fact one should look with susplcion at a funding
agency whose projects always succeed, for constant success may be an indication
of an overly cautious approach. It is easy to fund the established scientist
who contioues to work im his established field. It is risky to fund the scien-
tist working in an area that is noi yet established, or a young sclentist work-
ing in a fleld that has many experienced researchers. I am told that when Warren
Weaver retired as head of the Rockefeller Foundation, he said that his proudest
achievement was that he had given substantial research support to all the Nobel

Prize winners in Medicine and Physiology. before they had won the awards.

In the U.S. funding agencies there appears to be little éew&rd for dnitia-
tive; on the contrary, the contract monitors can get into trouble for making a
decision which might be counter to some official policys Thé’dr@aded result for
funding a project far from the mainstream of sclentific work is a "Golden Fleece
bdward". ‘There are a plethora of rules and regulations which must be followed,

and it 1s safer to turn down requests {(or to delay them by submitting them to
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superiors for approval) than to take a chance. Taking a risk by funding an
innovative project can lead to trouble, and there are many projects which are
risk~free and whose support can easily be defended. As the scilentist’s career
18 judged on a long time ecale, so must the fundipg agency and its contract mon-
itors be judged. They must be encouraged to use personal discretion iﬁ addition
to peer review. They must be expected to resclve disagreements between

referees, and not simply to fund those projects for which a consensus exists.

COMPARTMENTALIZATION

To encourage basic research, one must support ambiguous research. (As
Werner von Braun said, "Basic research is what I'm doing when I don’t know what
I am doing.") Nonetheless, the funding agencies are divided into compartments,
specializgiog in areas of research. This specialization was undoubtedly designed
to avoid waste and duplication, and to maeke certain that the wonitors ian charge
of an area of research are those most expert in that area. However compartmen-
talization has particularly bad side effects for innovation, as the following

example will illustrate.

Last year Luis Alvarez and three colleagues made a remarkable discovery
which gave direct evidence of the cause of the world-wide catastrophe which
killed the dinosaurs and many other speciles 65 wmillion vyears ago. Alvarez
wanted to attend a conference In Demmark to discuss their results with other
experts, and I offered to ask for travel funds from cur contract monitor, who
had partially supported Alvarez’ salary during this research. When I called,
the monitor said that although he had been able to justify the salary (as seed
money), he could not pay for the trip, since his office was not supposed to sup~

port geology. The discovery fell in the wrong category!
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Comparimentalization also inhibits research in areas that have not vet

appeared as “

categories” 1n the funding agencies. I have changed my area of
rvesearch several times, from elementary particles to a@tfﬁphysicg to radioiso-
tope dating to applied eunergy research. Staying within an area of research
means submitting a renewal for an existing proposal; changing an area of
research 1is much more complex. Not only must "seed" research be accomplished,
but ope must become known to the research community who will to veview the pro-
poesal. With the present fierce competition for grants, one often must develop a
personal relationship with the monitor who has the final responsibility for the
funding decision. The monltor will have to explain to the scientists he has
supported in the past why he is turning them down for a newcomer; pressure from

a scientist rejected for a new proposal is rarely as great as that from a scien~-

tist rejected in hils proposal for renewal.

I experienced such difficulties in two of the projects cited in the awards.
Both times a "specialist” in the funding agency was uninterested in funding a
project that seemed so far afield from the work he usually supported, and which
would have to draw money from it. In the most recent example, research I was
doing 1in elementary-particle physics led to the invention of 2 new and very sen-—
sitive method for the detection of trace amounts of rédioaetivitye The method
has apylicagions in archeology, climatology, geology, and energy problems.  But
the most obvious applications are the archeology ones, and because of this I
wasn't able to find anybody in the Department of Fnergy willing to support the
project. "Seed" support from the Lawrence Berkeley Laboratory enabled our group
to proceed at a slow pace. The NSF rejected the project, three months after the

early work I had done had specifically been cited in the Waterman Award.

The radioisotope detection project "fell into the cracks” between divisions
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of the National Science Foundation. It had been sent to the division responsi-
ble for archeology, and the monitor in charge was faced wlth the choice of
rejecting my proposal, or of supporting it in lieu of archeologists who had
received funding from him for vears, and who %ere obviously doilng good work.
Since 1t wasn’t even clear that my proposal belonged in his division, it wasn’t
too painful to reject. There was nobody in the NSF who had specific vresponsgi-
bility £for the area of work cutlined in the proposal, and so there was nobody
who would have to take the blame for rejecting it. The proposal was £inally
funded after an appeal to the director of the National Science Foundation, who

sent it to the Nuclear Science division for reconsideration and re~review.

In retrospect I can see that the initial rejection of the proposal was due,
in part, to a misuse of the peer review system. 1 suspect that an ionovative
proposal is unlikely to get uniformly good reviews, for such uniformity is pos-
gible only dn a well-established aveas of research in which a consensus has
developed. My proposal was returned to the agency with a wmixture of reviews,
including several high rankings (A°s) and at least one very low ranking (D). It
should have been clear that both high and low rankings cannot be correct simul-
taneously. The low-risk approach for the agency is to rveject such proposals,
and fund only those that received straight A’s. But it is the innovative pro-
jects that are likely to get the mized grades, and ouvtright rejection isn’t
satisfactory. The agency must give such proposals special attention, and
perhaps have them reviewed again by specilal referees who have experience with

innovative projects.

The Alan T. Waterman Award consists of $§150,000 in wvirtually unrestricted
research funds. I feel that I have been able to use this woney very effectively

to start several new projects; yet I have spent only a fraction of it. I use
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the money as a guarantee; 1t enables me to begin research projects and hire peo-
ple to work on them even though I have no promise of other fumding. For several
of these projects I have been able to obtain other funds, so i have been able to
use the same Waterman funds over and overs. The f£lexibility of the Waterman
lward allows me to use the funds with a great deal of leverage, and I feel I am
going to be sble to return more science per dollar than with the other Funding I

have received.
SUGGESTIONS

The public, through the govermment funding agencies, has an absolute right
to direct research 1in the directions 4t considers wmost appropriate. But
although they have the vight to do so, it is counter to their best interests to
exercise this right. The government can best serve the interests of the publie

by facilitating basic research, while minimizing attempts to direct it.

The Waterman Award gave me the opportunity to discuss the problems 1 had
encountered, with the directors of the major funding agencies. It is clear that
they arvre well aware of the nature of the problems, but it is difficult to £ind
solutions which are acceptable to the wide variety of interests that might be
affected. The very existence of the Alan T. Waterman Award convinces me that
Congress knows that the best way to fund research by a good sclentist is to give
him a free hand in spending his research funds.

On the average 1 believe that most of the rules and regulations accomplish
good, and I would not necessarily advise vepealing them. But I believe that
basic science is more fragile than the rest of our system. If one wishes ¢to
encourage innovation and discovery in science, the most effective way to accom-

plish this goal would be to remove some of the buresuvcratic burden which bears
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down on basic research. I would recommend specifically that federal funds
designated for basic research be exempted from as many of these rules and regu-

lations as possible.

We cannot obtain all of the benefits of the “fr%ewentegprise” system 1n
science while maintaining public funding. But I think we can obtain some of
these beneflts by institutionalizing a few procedures which reward those who
take risks successfully, and reduce the "punishment"” of those who take risk and
fail. The most obvious solution 1Is to mandate visk-taking, by Congress writing
into the guidelines that persomnal initiative on the part of those who distribute

funds is to be encouraged, while recognizing that some mistakes are inevitable.

The most fundamental mistake made by the funding agencies is the dmplicit
assumption that the ability to write good proposals is equivalent to the ability
£o accomplish good research. In response to a query I made to the National Sci-
ence Foundation, I was told that a proposal should be as "polished" as a paper
published in a major journal. Referees frequently expect all potential problems
to be identified, and their solutions cutlined. It is (unfortunately) not an

exaggeration to say that the agencies expect a proposal to outline the antici-

pated discoveries!

We should not expect research proposals to read like engineering proposalss
To require that the solutions to all problems be obvious before the research is
begun discriminates strongly against innovative work. The process of solving
such problems 1is often the substance of research. In beginning seve%al of my
projects I did not know how I would solve all the anticipated problemsy bdut I

had confidence that I would be able to solve them.

Agencies which request ‘*polished"” proposals demonstrate a fundamental



- 12 -

miswmderstanding of the reseavch process, andlcf the amount of time that can be
wasted in polishing a text which will never be widely circulated and which prob-
ably will not be funded. I was once tempted to write an "unpolished” proposal
requesting nothing more than the considerable funds required to produce a pol-
ished one. We scilentists ocurselves are much to blame; I know that I too have

fallen into the trap of being overly impressed by polish.

The only solution I offer is well-known: give more emphasis to the past
accomplishments of the scientist, and less to the proposal. An objection might
be ralsed, that giving less emphasis to the proposal and more to the sccomplish-
ments of the sclentist would discriminate against the younger sclentists. I
don’t think that this is a valid objection. Even the younger scientists usually
have a vecord of achievement from their Ph.D. thesis and subsequent collabora-
tions with senior scientists. And I would still allow the gption of writing a
polished proposal if no @ihéf way is available. But the requirement of a pol-

ished proposal is biased against innovative work.

Certain features of the present funding system designed to increase the
"efficiency” with which money is spent, should be altered. The most important
of these is the strict compartmentalization of the funding organizations, which
makes it wery difficult for a scientist to follow the direction that research
leads. Ve must ease the transition in funding that a scilentiet wmakes when he

changes fields. One way to accomplish this is with seed money.

Specifically I suggest that each monitor be allowed (perhaps encouraged!)
to spend a certain fractionm, say 10%Z, of his money in areas ocutside his special-
ity which are an outgrowth of work he has supported. The monitor could make his
pwn decision how #o subdivide that 10% among the sclentists he monitors; some

might get none, and others might be allowed to spend 50% or more of their wmoney
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on some new development. The mission of the agency should not be considered in
distributing this 10%, and I would expect in many cases that the research would
fall outside of that mission. Then the monitor £inds that enocugh of his
research has moved into new areas that the 107 stricture Is oppressive, then he
should have the ability to move that research to a new section of the funding
agency, without the complete loss of funds to his own area (so that he 1sn’t

"punished"” for having supported innovative work).

Obviously such a system could be abused. It is important that Congress make
clear that the goal is not to minimize abuse, but to support innovation. Abuse
should be dealt with on a case-by-case basis, not by writing new resérietiens@
10%4 can represent a large amount of money for some areas of science, but it is
the percentage and not the amount that is importaﬁt@ I believe that even this

small percentage would have an enormously beneficial effect.

Not only should we eliminate the "punishment" of those who support innova=-
tive research, but we should encourage and reward them. I suspect that the
least expensive and most effective way to do this would be to give special
recognition to those monitors who have done a particularly good job in support-
ing ionovative research, perhaps in the form of a small monetary award. This
would not only reward the mounitor, but increase his prestige and alert others to
the importance of recognizing and supporting immovation. Anybody could nominate
a monitor, including superiors in the funding agency or scientists, but I think
that the award committee should be composed of scientists familiar with the
problems of dimmovation, as well as those people in the funding agencies most
familiar with the problems of funding science. Persomally I ean think of
several people I would like to nominate for such an award, people who took risks

to support my work. There migh: be a similar award for those who distribute
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money locally at the national laboratories, from the director on down to the

heads of divisions.
OVERVIEW

Innovative science is much like a small child; 41t éan be gulded and
encouraged, but well-meaning attempts to force 1t in preconceived directions can
be counterproductive. The goal of the funding agencies should be to facilitate
E@searghg‘ not to direct it. We are now in a golden age of science, and most of
us take for granted 1t will last forever. But golden ages in the past have come
to abrupt ends, conceivably fer reasons so minute that they were never recog-
nized by historians. If not abused, our present golden age could continue for a

long time. And 1ike a child, it could yield a return that will overwhelm the

small dnvesiment required.

Prepared for the U.S., Department of Energy under Contract W-7405-ENG~48.





