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My cwn interest in the characzter of research and develcpment in tre
ompetitive econcmy etems from xy major interest, during the past ten
vears, in mil{tary research ard levelsrment. For cone thirg, as vou wnow,
onost military R and D 1s conducted on centra-t bty ;rivate firms: ‘there L=
a ccntinuing problem, which has never been vary satisfsct r-ily sclved, of
naxirg the most effective use ¢f R and D in priva‘e, competitive fi-ms to
a‘varce mllitary te:hsology. Beycni that, it has seemed (0 me that the
z2ilitary services (and the zovernment generally) zight learr scmeting
from the way R and D 1s conducted and managed in the competitive esconomy

trat they could, to aivantage, emulste.  The ~cmretitive eccnomy, bensusns

it s competitive, has scme tendency to penaiize and Jdiscard i{nefficlient

4 ]

frocedures and managements, and to encourage and promcte efficient cnes.
A1l sorts of things interfere with the 1lesl funciioning of Adam Smith's
invi=ible hand, but it might work just well enough to justify some atten-
tion to the practices of firms and industries that have survived and
prosperecd in a competitive environment,

Judging from the press there is general agreement that all is not well
with military R and D, and rather surprising unanimity in diagnosing what
is wrong. Apart from a small but distinguished group of dissenters (mainly

from science and industry) practically everyone charges that military R and

D i1s uncoordinated and inadequately planned, and plagued by duplication,



‘oxpetition, secrecy, and waste. The remedies are alleged ¢o be obvious:
there must be strong central direction and coordination; mcre ari tetter
central rlanning; tough-minded decisicns to eliminate duplicaticon; suppres-
slon of inter-service and other competition; Frobably some "Czars™ to knook
reads together,

This liagrceis and prescription, pparently self-evident to officials,
commertators, editor{al writers, and most Congressmen, is really rather

uriovs. As a nation we are presumably committed to free competitive

D)

erterprise. Anyone who proposed that we eliminate competiticn an- duplics-
tion in research in, Zor e ample, the Americzar cremt-zl industry by centra
rlanning, coordination and knocking hezis tcgether would be lencirm-ed as
either a socialist or a promoter of zartels. Bu‘ whenever we thinrk we have
resson to be dissatisfied with military R an? D we criticlze {t, a3 I will
gllempt to demcrnstrate, for precisely thcee fogtures whiech it nas in comm -
with R and D in the competitive economy. Instead of taking the test
rra~tices in our more progressive industries as a guide for the eiliitary
zervizes, we plump for a highly centralized bureaucracy.

Let us take a hard look at the character of R and D ir the competitive
economy. It ie= not coordinated. There is no central rlanningz or direction.
No Mlzars." No "weeding out" of unpromising projects at any level highe-
tnan the individual competitive firm. There is intense competition
accompanied by secrecy and poaching, an enormous amount of duplication, and
much obvious apparent waste. In fact, in addition to the lack of coordina-
tion among firms, a good many :companies noted for their achievements in the
R and D area (e.g., Bell Labs, G.E., parts of R.C.A., and DuPont) Jeliter-

ately de-~entralize effective control of research to the laboratory or



rmsearch center level, each center receiving a block budget within which
it “as complete freedom and responsibility. Although the initiation of
new research projects involving relatively large sums 1a sublect to higher
evel review, thesas ususlly grow out of small spontanecus efforts in the
lahcratories, so that idea iritiation and initial exploraticn is sulje-t
tc 3 very responaive and decentralized decision-making arraratus.®

The antithesis could scarcely be more striking. In the competitive
a--nomy, there 1s -omplete decentraifration and no high level plannirg.
But the critice of military R and D want to centralize and plan at the
t>r. There are three possible extreme explanatiors, whi-r I would lixe te
e-axine, The first is that the organization of R and U in the competitive
econcmy ls wrong —- inefficlent and wasteful. The seccond is that the
itics of military R and D are wrong. The third {s that military R end D
{1z 30 different in character from the R and D conducted by coxpetitive
firms that utter iifferen chrniigques raglr t are approrriste. I
firms that utterly iifferent techniques of maraging it are approrriate I

will conclide that tre truth 1ies acmewhere betweern the gecond axplarsticn

(&

that the critice of military R and are wrang -- and tne third -- that
the zroblems are Zifferent -- tut perhaps nearer the second.

There is a good deal of strong prime facie eviderce agairst the first
exr.anation -- that R and D in the competitive economy is fust inefficien:

and wasteful. The lack of high level planning in the American competitive

economy does not result in anarchy: the forces of the market provide a

* Some firms follow very different organizational and managemeant prin-
2iples for that part of their R and D that is on contract with the military.
They are forced by the way the goverrment administers contracts to more or
less ape the government, and go over to a highly centralized, rigid, slow
noving structure witr all decisions funneled up and little discretion at
tnhe working level.
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hizh level screening that seems to be reasonably effective in premoting
effiziency. There are few American industries that are not technelogically
more sdvarced 23 well as noreiproductive than their equivalents in Rus=ia
-- or indeed in any other country, including Western Buropean economles
wrich place more stress on coordination and cooperation and less on compe-
t4tion. The exceptions are instructive. They include some military areas
(e.2., rockets and tanks) and some non-military ones highly dependent on
vga2t- research (e.g., metallurgy and, at least urtil recently, a good mary
sremizals and drugs). As we will see later, there are scme reascns for
heltaving that the competitive American econcmy is more proficient in
surrlying R and D at the engineering develcpment enc of the R and L spectrun
tan at the basic research end.

In my opinion the most important thing to understand about R end D is
+ne ‘ominant role played by uncertainty. Uncertainty in R and D 1s greater
Ar. ! more pervaiive than many researchers and resesrch administrators permit
<hemselves to imagine. Predictions by "sxperts®™ cf the resulte or useful-
~ess of particular R and D prolects are highly unrellatle. Research seexs
tc attract an optimistic breed. Despite the fact that developmentis alrcoet
always take longer and cost more than predicted (by factors cf 2 to 50),
an? ttat most fail in whole or in part, the predicted schedules of new
ievelopment projects are almost always taken seriously. Of course there
are so-called developments that are highly predictabdle (1ike some marginal
product improvements) but R and D resulting in significant scientific or
technological advances is universally uncertain, with occasional happy and
frequent unhappy surprises. In addition to technological uncertainty,

R and D shares with other kinds of time-consuming investment what is called



envirormental uncertainty -- uncertainty about the kind of new product
t+s* will be saleatle or useful in the unknown environment of the future
vears in which it will be aviilable.

what constitutes sensible behavior when we are confronted by gro=s
uncertainties? No one has succeeded in defining it with precision to
general satisfaction. But certain of its characteristics are well under-
stood. It makes sense to hedge, to preserve flexibility. Where there are
ceveral possitble paths to an cbjective —- say several competing R and D
tieas — each of which is uncertain, it frequently maxes serse to try
several. In fact it can be proved that under many circumatances the
multiple path approach produces results more Guickly and more cheaply than
attempting in advance to choose the optima’® path and concentrating all
one's efforts in pursuing it. In R and D, particularly R and D {nvolving
significant advances in technology, there is frequently no substitute for
s practice de?cribed ty that naughtiest of words -- duplication.

All this is well understood -- implicitly and in effect -- by the
competitive economy. In attempting to develop higher energy fuels or
tougher tire treads a dozen competitive firme will try at least a dozen
1t 2ferent ideas. Good industry labs will themselves fregquently try out
alternatives: firms competing with them zmay be trying out marny more
alternatives ~- indeed some may be trying the same ones. The competitive
economy has a good, perhars the best, way to promote parallel R and D
projects —— individual initiative, carrot and stick. Bach firm tries the
path or paths it likes best, receives a big prize from the market if it
turns out to be right, and suffers penalties if it turns out o be wrong,

or slow. The essence of this method 1s another naughty word in military
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or governmental research -- competitien.

Nobody has been able to determine just how much duplication in
ressarch is optimal. The competitive econcxy may well promote too much or
toc little in some circumstances. But some tendencies of the competitive
economy are demonstrably right and deserving of emulation. There shoull
re more duplicatior in R and D, the greater is the potertial payoff.

There should be mors, the greater the uncertainty. There should be acrse;
the creaper is duplication. These are precisely the regults achieved ty
the profit motive in a competitive economy.

I am far froz arguing that all is perfect with R and D in the comje-
titive ecornomy. On the contrary I suspect that it has two me ‘or weaknes=ses,
or biases, if we avaluate it from the point of view of the nation and its
iesirable rate of economic growth:

a. It probably spends too little, in tctsl, on R and D as
conp#red with, for evample, investment in physical facilities

b. Within R and D it probably, like the military, spends
relatively too little at the basic research and explioratory

development end of the R and D spectrum and toc much at the

short payoff, prototype producticn or design end.

These probable biases within the competitive economy are fairly widely
recognized, although there is some disagreement about the causes. It is
sometimes argued, for example, that firms spend too little on R and D, and
especially too little on basic research, because it is such a risky,
uncertain business. This i{s not very convincing. Many businessmen like
risks when possible rewards are high. There {s no shortage of prospectors

in risky mining ventures if the etrikes are rewarding. Far more important,
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ir my opinion, i= the great difficulty, in a cozpetitive economy, in
latching onto property rights in new ideas resulting fromz R and D. The
firm that pays for the R and D is frequently unable to reap many {ir some
cases, any) of the benefits. It may not be in a position to exploit the
particular discovery that it makes. Even if 1t is, patent law and secrecy
provile very incomplete ﬁfotection from ite appropriation by competitors.
This inevitatly discourages expenditure on R and D ty competitive firms,
particularly expenditure near the basic research end of the spectrum, whers
resuylts are lese predictatbtle, less likely to "fit"™ the clrcurstances of the
sporsoring firm, and where patent protection is weskest, or non-exlstent.

I am not suggesting that the appropriate remedy for these shortcominge
{s exhortation or a tighter patent law or any other form of inducement to
rromote more basic research in the individual competitive firm. We can't
ecpect the competitive firm tc act against its own interests, and there
are costs as véll as gains in tightening the patent laws, More hasic
research is nesded in the economy, but not necessarily within the competi-
tive firm. Basic research is the speczial province and opportunity cof the
university, the government laboratory, and perhaps of the specialisad
research firm.

There is room for some experimenting with new institutional arrange-
ments for doing research and development in the competitive economy, and
there has fortunately beesn some experimenting (although not enough) during
the past 15 years. In some industries (e.g., chemicals) patent law appears
to provide a good deal of protection to inventions and therefore a fairly
adequate inducement to the firm to undertake research. In others (e.g.)

the metal fabricating industries) patent law appears to be almost completely
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fneffectual, and the most a firm can expect from & successful development
{s a short jump on his competitors. Research in industries in this group
is obviously unattractive, and there is little of it thet isn't financed
in some manner by the government. Promising institutiona) developments
include:

a. The specialized research firm (Arthur D. Little, Battelle, S.R.I.,
et:.)® that can drastically reduce the cost to the small or new competitlve
firm of exploring a new idea. The overheads of laboratories and their
equipment and permanent staffs are a formidsble obstacle tc research and
ievelcpment by any except the largest and best estatlished firms. When
the costs of these ovarheads can, in effect, be shared with other firms, &
zreat many more new ideaz can be tested. This is one way in which the
{mportant economies of scale in research can be reslised;, in part, by
smaller firms; and the ability of the established firm to take & long vies
-an be matched, to some extent, by the new firm.

b. Various forms of industry-wide sponscrship or other pooled
~esearch. A furndamental otstacle to firm-sponscred research is, as we have
seen, the difficulty the firm has in latching onto property rights in nex
{ieas resulting from the research. In general, the broader the base of the
sponsoring organisation the more likely it 1s to be adble to profit from the
results. Thus, unless the idea is patentable, the small competitive firm
{s certain to lose any advantage quickly to competitors within the industry.
Or the idea may be one which the particular sponsoring firm, for some

reason, can't exploit at all (e.g., I have a coal company and develop an

* Most but not all are organized on a non-profit basis.
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economic method of gasifying coal, except that it won't work for the grade
of coal coming out of my own mines). If the research {s sponsored by an
industry the chances are much greater that the new ideas can be exploited
within the industry, and in a good many cases that they will be exploit-
atle only within the industry. Although they will not improve the positicr
of one firm in the industry in relation to others except bty accident and at
random, they will tend to improve the competitive position of firms in the
industry in relation to firms in other industries. The example of indusiry-
wide research with which I am most fagiliar is the N.A.C.A., which Zeserves
a large share of the credit for the technological progress of the Americar
aircraft industry. I am sure it would pay many industries tc support sub-
stantial progr;ms of industry-wide research. It is almost as unreascnatle
to expect much support for basic research from the smll competitive firme
in such industries as coal, machine tools, and textiles, as to expect it
from farmers. In the case of agriculture we found ancther solution through
government-supported research, which has strikingly (almcst embarrassingly)
the productivity of American agriculture in the past few decades. Govern-
ment supported research is also helping the coal industry to find new
products and processes to strengthen its position in relation to its newser
and more glamrous competitors. The same economic theory that warns us
against letting firms combine to restrict output or raise prices, suggests
why it may be in the national interest to encourage them to collaborate in
supporting R and D.

Military R and D may share both these weaknesses or biases with R and D

in the competitive eccnomy -- spending too little on R and D in genersl, and

relatively too 1little on basic research and exploratory development.
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Certainly it shares the second. In the government the riskiness of a
research project is more of a deterrent than in the economy: the government
official has to be cautious — the penalty for a striking failure is almost
always greater than the reward for a striking success. So is the fact that
the payoff from research may occur only in the distant future: military
research administrators normally rotate at three year intervals, and the
political officials and Congressmen above them rotate fairly frequently toc.
In fact, everyone above the level of the laboratory seems to have some good
personal reason for demanding quick results —- a circumstance unfavcrabiﬁ

te basic inquiry.

The organizations responsible for military research alsc have difficulty
latching onto property in their discoveries. Especially if these are fairly
basic, potential enemies or the other services may be in as good or a better
position to appropriate them. Patents are uofse than useless in this case;
secrecy provides only imperfect protection -- even from the enemy. But
keeping the technclogical jump on the enemy -—- evern if measured in months -
may be even more important than keeping the jump on competitors in an
economy. It may indeed be essential to our survival in the nuclear age.

And this requires a broad program of basic research and exploratory
development in the relevant scientific and technological fields.

It is apparent that we cannot simply transfer the desirable charac-
teristics of private, competitive R and D — its uncoordinated, competitive,
duplicative characteristics —— to the military and goverrmental arena. Por
one thing, military objectives, although dimly and imperfectly perceived by
the authorities, are more definite than the diffuse desires of millions of

consumers which, directly or indirectly, the firms of a competitive economy
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wo~k to satisfy, This in itself imposes a requirement for planning and
~o:r~tnation +hat the compatitive economy doesn't have. We have to provide

+
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tgent, informei Mconsumers™ or buyers of military research.

More impcrtant, no ingenious e:pert in the field of management has
ever devised a half-way effective substitute within government for the
incentives of a conpotitive economy -- the carrot and stick incentives
associated with competitive firms risking their own money and subjected to
the test of impersonal markets. In the military arens we find instead, in
the case of R and D, government laboratories subject to civil service rules
and cost-plus contracts with indua}ry. Thers are better and worse ways of
managing government laboratories and cest-plus contractcrs, some of which
provide moderately effective incentives; but with so imperfect a scluticn
to the incentive problem, with public rather than private funds belng
risked, some discretionary contrel to prevent waste and malfessance has to
be exercised at responsible levels of governmernt.

Having said all this, it is my conviction that scme of the competitive
economy's strengths 4n R and D can be emulated by the military; that the
basic trouble with military R and D is that it already leans too far in the
direction of centralised bureaucrstic solutions to its problems.

a. It is too highly centralized. Decisions get made at too

high a level. Detailed budget control 1s exercised at too high a

level.

b. Precise paths (with far too little flexibility) are
dictated by administrstors to researchers.
c. There is too little duplication, especially at the level

of exploratory development, where it is cheap.
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d. There isn't enocugh competition among laboratories and
corntractors, or even among the services. There aren't enc gn
corpetitive purchasers éf new iieas, or encugh competiticn in
evplolting them. Where there is competition amcng services or
agencies, we tend to make rapid progress. Where we suppress

it, we don't do well.

But almost sll the proposals for improving military R and D are aimed at
strengthening central planning and cooniination, adding new layere of
authority, and getting rid of what little desirable duplication and com-
petition we have left. They would create neat, dead, buresucrsti: ¢
monopolies.

That some of the strengths of the competitive econcmy can be emulated
by governmental research organizations has been demonstrated time and
again. Two of the best examples, ironically, are the Manhattan District
Project and tﬁe wvartime OSED -—- both hailed as ideals by ou} contemporsary
centralizers. The MDP typically solved its problems by letting each of
half a dogen different firms or university labs try a different path to
the objective, competing vigorously and in secrecy from each other. The
wartime OSRD was perhaps the most loosely knit, decentralized, uncoordinsted
specles of research organiration that ever existed — and spectacularly
successful.

If we would let it, our competitive economy could teach us that in all
R and D, ineluding that sponsored by the military services:

a. The quickest (and frequently the cheapest) way to achieve
many research objectives is to try multiple paths (some of which,

in retrospect, are inevitably cul-de-sacs and appearently vasteful).
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b. The greater the payoff and the greater the uncertainty,
the more duplication lnq apparent waste make sense.

¢. The cheaper the -ult;ple paths, the more it makes sense

“to try. More should be tried in research than in develomment;
more in exploratory development than in weapon system development;
more in weapon syst;g development than will eventually be procured
and made operational.

d. The most expert predictions of the results of R and D are
highly unreliable. Prequently the only way to learn whethér an
idea will work is to test it.

e. The person best qualified to choose a path (as opposed to
an objective) is the person doing the research — or somqone vor&
close to him. A

f. There is no incentive quite as effective as the
competitive spur. The problem in managing governmental R and D
is not how to suppress competition, but how to divert it into

more productive channels.
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