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man Research; and Professor Albert Shapero frorn Ohio State

University. .
- Gentlemen, we are delighted to welcome you here ‘today. Without
-objection;” the’ entire fext of your prepared statements will be in- -
cluded in the récord. We invite you-to. proceed with the presenta-
tion of any-or-all of your stateme; ' you sée’ ﬁt We would llke to
begm “with: you;»»]r Mansfield ;
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STATEMENTS OF DR. EDWIN MANSFIELD, PROFESSOR OF ECO-
NOMICS, UNIVERSITY OF PENNSYLVANIA; DR. AARON GELL-
MAN, PRESIDENT, GELLMAN RESEARCH; AND ALBERT SHA-
PERO, PROFESSOR OF MANAGEMENT SCIENCES, OHIQ STATE
UNIVERSITY )

Dr. MansriELD. Thank you very much, Congressman Gore
. I have been-asked*to describe: very br1eﬂy ‘the role-and -impor-::
“tance of technological innovation in the American economy; which.---
-is obviously a considerable task, particularly in 10 minutes.
Technological change consists of advances in knowledge concern-
.ing the industrial, agricultural and medical arts. Such advances
~result in new and 1mproved processes and products as well as new
-techniques of organization and management. The fact that techno-
-logical change plays an important role in permitting and stimulat-
1ing the growth of per capita output seems self-evident, but when
one wants to go beyond such bland generalizations to a gquantita-
tive summary of the contributions of technological change to:the
_ratedof economic growth,"a number of basic difficulties are encoun-
‘tere
- For one thing, it is hard to separate the effects on economic
‘growth. of technolog1cal change from those of investment in physi-
.cal cap1ta1 since, to be Used, new technology frequently must be
“émbodied in physical capital, that is, new machines and plant. Nor
can the effects of technological change easily be separated from
those of education since the social returns from increased educa-
“tion are enhanced by technological change and the rate of techno-
logical change is influenced by the extent and nature of soc1ety 8
Finvestment in education.
* Despite these snd other problems, economists have tried’ to
“obtain quantitative measures of the importance of technological
change to American economic growth. For example, Edward Deni-
son, formerly of Brookings, and now with the Department of Com-
-merce, concluded that the advance of knowledge is responsible for
‘about 40 percent of the total increase in national income per-
-person employed in the United States during 1929 to 1957. '
" To quantify the effects of technological innovations on the econo-
my, economists have devoted considerable attention to the estizha-
:tion of the social rates of return from technological innovations,
the social rate of return being analogous to the rate of return
earned on a private investment. Specifically, the social rate -of
return is the interest rate received:by society as a whole from the
investment in a new technology. Of course, there are many prob-
.lems in measuring the social rate of return from an investment in

new technology. Nonetheless, assuming that the innovation is basi-~ " "~

- cally resource saving in nature a technique hag been devised ‘to

provide at least rough estimates of an innovation’s social rate of .. .

return. This technique has been used to obtain published estlmates
-of the social rate of return for about 100 innovations. -

The results of these studies, although obviously tentatwe seem
to be interesting from the pomt of view of public policy. Flrst, the
.gocial rates of return tend.to be very high 1nd1cat1ng that_if these
-innovations are at all typical, investments in new technology have
paid off handsomely to society at large. For example, one study of
17 industrial innovations, most of which were minor, not major
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In conclusion, the early eighties have been a period of reexamin-
ation of the American economy. Beset. by extremely high rates of
inflation, high rates of unemployment, deficits in our balance of
trade, basic structural problems in major mdustnes like steel and
autos, and very low rates of .productivity increase; the American
economy, long the engine on which our people, and to some extent

wSeemed..to..be..in.. troub

other.. peoples..as..well,..could, cotint’ for material_progress, has

this trouble will prove Only“

temporary depends upon policies adopted by our Government,
the actions taken by our firms and the attitudes of our people

The policies, actions and attitudes required to revitalize the
American economy are of many types. Proper monetary and fiscal
policies are essential. So is proper attention by firms to long-range
ob_]ectwes and to such apparently mundane matters ‘as quality
control. "In rescting to:our current problems, it is very important
too that policymakers both in the public and private sectors ‘recog-
nize the central role played by technology.

As pointed out above, it has been estimated that 40 percent or
more of the long-term increase in cutput per person employed in
the United States has been due. to fechnological change. While
estimates of this sort are subject to many, many limitations, it
-certainly is true that technological change has been responsible for
a substantial share of our past” productivity growth. Moreover, as
indicated above, the rate’of innovation in the United States has an
important_ influence on the competitiveness of U.S. goods in the
world markets and on our rate of inflation. Thus, there can be
little question concerning the 31gn1ficance -of technologlcal innova-
tion to the American economy. _ _

. Thank you.

[The prepared statement of Dr. Mansfield follows]



working ¢onditions, prow.ded a w1de variety of extraurdinary new products,

increased the flow of old products, and adde.d a great many dimensions to the

life of 6ui citizens. At the same time, techinologidal change also has fts. darker

" advances in militéﬁi 'techn&iogy"hé.i:e enabled modern nation-statés: to

contriburéd to varidus kinds of ai¥ and water pellution,-and adveices Ini

indﬁét{ilai-'téchnolog‘j have sometimes tesulted ia widesprend unemployment im & - .
particula.r 6}:2@#16;13 “and commimities. ﬁesf‘it‘e’t'he'many benefits that soclety
has reapé-citfro;x: téﬁinologi&él’ ‘chan'ge,':'ﬁ:;:' one %ould regard it as an‘tnalloyed --
blessmg. e )
A tachnologica]. ;nnovat].on is def:.ned 45 ‘the First ‘commercial 1ntroduct10n

of new technology. Research and de’vel’upme'.nt_ i3 only & pazt of 'the pr‘qcess et . i
lead:i..hg to a suceessful technological inngvaticn. Ths-firdt part of this ptocess
- takes :l:i.l.ace‘ ‘in-the ‘interval betwean the eé?:ablish‘ment‘o_f rechical -‘feasib.il'ity'
and the beginning of commercial development “6f the ew product or process. This
time interv;l' may be ‘substantial (although it is shorter now than'S0 ‘years age).
For e:ésinﬁié, it dften was about & decade For imporfant postwar iancvations) like ) '
numer'r)ic.ﬂ 'é‘cx-ntioi, freeze-.d.ri‘.ed fo‘dd and integz:‘ated c';i.féuits." The second part
of:. this érocé's:s .takes place in -fh'e tige interval between the’ beginning' of
commercial development and the £irst commercial applicatics of the nei process
o:I: .Pr;)duct '-'I.'l'_lis' time inferval contains a number of distinet stagas--applied
researéh: .p:or:'e.{')afation'éf 'pr'c;ducf: ééecificatidn, prétéi:ype or pilot plant - =

construction, teoling and constriction of manufacturing facilities, aod manufac-

turing and mérké’f:iﬁé startup. In ell, this time intervel has of.‘ten heen ahout

five years for important postwar Lnnovations.
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a minor percentage of the increase was due to increases. in .the smount of. .
.capital employed per wo_rl_{_ez_:',.
. ...Solow's measure of the effects of technolepgical change also included. the

such as increases in education ox

effacts of whatever inputs were excluded

of workers, 'as well as economies of-scale, -

improved a_l}_.gcatiou of resources,. and:chacges in prqduct__mix..-_ To-obtain: a.:-
purer measure, Edward Denison attempted t.q-i.nclt;de :;n_any factors-~for.example,
chacges. in labor quality.assoclated with increases in. schooling--that had been._l
omitted, largely or completely,:by Solow snd others. Since Denison's.study. was:
relatively comprehensive, it resulted .in a lower residua]_,ingreasg in putput - .
unexplained by the ioputs he.included than_&i:d Solow, . Specifically, Denison .
concluded that the advance of knowledge--his term for the residual--was

responsible for aboL‘lt..ébo_ percent of the total increase in national income per-

person employed.during 1329-57 in .the United States.. . ..

4. Rates of Return from Investments in Inpovation

To quantify the effects of techaclegical innovations on 't':he economy,
economists have devoted considerable attention to the estimation of the social
rates. of return from technolegical innovations, the soc’:ialr rate of return
being analogous: to thg rate. of return earned on a private investment.
Specifically, .the, ,t.mcial_ rate of return is the_ihtere,st; rate received- by society
as a whole from tlie ipvestment in a new technology.-. Of course, there are many::
preblems in meaéuring_ the social-rate. of return.from an investment: in new. !
técﬁﬁ(_)'}_og.y_. Any imnovation, particularly a major one, has effects on many
sectors of the economy, and it pb'v'iuu_al?- is vetry hard to s-l.vslu._a.te and summarize

these effects. WNonetheless, assuming that the innovation is basically
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‘5. Lonovation. and Inflation -

Inflation clearly is one of the most, seridug problems. facing the American

economy. . Via its effect-on.productivity,: innovation tends. to reduce inflation,

’ totalcast ].:-ef.r.limur. c;f__iébéf, :_div:l‘.de.d';b; IOI,_ltp\..Et per I u.t‘ of lahor , Thus, t.h_‘e‘ .
rate of increase of total cost per unit. of output equals the rate of. ill'lgrelasu_é‘
of total cost:per hour of . 1gbor minus:the rate of .increase of .labor produe-
tivity. . If the rate of.increase of labor Wprot.iul;i;i._vity__r_(i._e{, output per haour -

' of labor).- is.high, - the rat;a.of increase of'“tota_.l_r:_ust_pe:l:' unit of output will

be mu_ci;t lower than the rate.of increase of total cost per hour of _lab_qr._._,!;‘ul-.' ‘
if the: rate of ingrease.of labor.productivity is low, the rate of igcrease of. 1
total cost.per:unit of output will he;:.a]_.q;qé.t. as great as the rate of incre-a_se. :L
of total-cost per hour, of;_iabpi;_z..-. Of course, factors gther than the slowing of e ‘
our rate of prodﬁctivitsr ,igr.owt.h-'h-ave. .beer.l._ulajo_r. qulpfits_re;pops‘;f.bie fq;_-:thg_ FR 1
excessive recent rates.of inflation in the United States. But this factor
nonethelass has been an _imp.ortant one.,

To illustrate how innovation exerts a restraining influence. p_?:inflat_ion,
congider petroleum refining. Accui:di_ng to. a eareful study by John Enos, the
cost of enough gasoline for 100 ton-miles of transportation would ‘have been
$1.47 ip 1955 if the Burton process had still been used.; .Instead, because of
a number of major _cracking‘ innovatiops,_‘_{:he'__actual :cust..wa_sr‘pn_]..y__ZE_n y_:el_:ts_.__._
or take thg :_casg_..of a_m?pui:a_ p\roduc_#i?nl.r The dle_:vglo_pmu_an}_: andripr.roc_iuf:t’:ion of__ L 7 H

’ large_-_-sc.ale_ amqn_‘i:a_z plants _i,n__th_g S_i_x_t_ies_;educgt_iﬂ tl_}e cost of ._a.mmqni;a by over . ' !

20 percent, according ';o'SR]Z I.pter_n_at_ic;;.-xal.l_ ﬁl;he.se‘are_npg isolated cases. .

In any R and D-_i,qt_ensive i_ndus_try, i.t is relatively easy to find illqgtrgtions

of this sort.

A5_294 (1—R2.——2
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Although-it 18 very.difficult to measure international differences in
technological levels, the available eiridence Suggests.that the Unjited States:
long has been a leazder in.technology. But in the past 15 or 20 years, the..

--U; 8¢ technological-lead-has-been.reduced. in:many. areas,;. in.some..areas, it.no,

T longer exists at all; Aecording t
seientists, and maragers. Obviously, this has had, and will have, an
impotrtant effect on our trade position in many major industries. {See

Mansfield et al, (forthcoming).)
7. Gontlusions

In cnncluSmn the early 15808 have been a per:.od of reexa.m:.natinr;. of the
American economy. Beset by very high rates of 1.nf1ation ‘high rates -of -
unemploymenc-, defigits in our balancé of trade; basic structural pru‘nlems in
major industnes like steel and autos, kand very 1low rates of produ:tlvity

inerease, the Amerlcan economy, long the engine on which our people (and to .

some extent other peuples as Well) could. count for material Progress, has seemed
to be in troubl.e. Whether this trouble will prowe’ only tempotrary ‘depaﬂd! upon
the pO].lCleS adopted by Jour goverumEnt the af.'tions taken by our firms, and the
‘attitudes of our people. The pol:.c:.es, ‘actions, and attltudes requ:.red to

S re'\?ita}:l:i.ze the enie',_:ic'a;{ ecguomy are of_ man.yl_t:y_'pes. Pruper monetary “and fiscal

 policies .are ‘essential.; So is prbper attention by firms to lnnger-range

ohjectwes and to such apparently mundane matters as quality control

In- reactlng to-our;.current problems, it 'is very mportant that pollcy

" makers ‘both in Ehe’

ublic and private sectors, recognize the central role

played by technolcgy.-- As pointed out above, . x.t has been estimated that

A percent ot ‘more of the lung term :.ncrease An output per person emp‘l.oyed iu

the Um.ted States has been due to technologlcal change. - Although est:.matés .
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study we are in the process of completing for the Small Busmess ‘
Administration.

The title of this study is “The Relationship Between Industrial
Concentration and Technological Innovation.” It holds that small
firms produce 51gn1f'1cant1y more innovations per employvee than do
arge. firms. This is drawn from a different set of data than had
previously been 'used and' supports that- hypothetlcal -about; - the
“erucial-importance of small firms ona macroeconomic:-level: - s
~ Second, the importance of small firm innovation as measured by
technical and economic significanice are approximately equal to

those of large firms. Small firms bring their innovations to market

much more rapidly than do large firms. They tend to pass more
rapidly than large firms through this process we call innovation
from ideation or conception on the one hand to market introduc-
tion in an arm’s length transaction at the other end. In highly
concentrated industries, small firms tend to innovate, to generate
the raw materials and indeed, carry those exploitable raw materi-
als forward into innovation more often based on the number of
people employed than do large firms in concentrated industries. In
concentrated industries, the corollary is that. Iarger firms tend to
innovate below expectation, with “expectatlon being defined qulte
precisely in the study
Larger firms in concentrated industries tend to acquire more of
their innovations from other firms than do smaller companies; that
is, large enterprises in concentrated industries more often tend to
acquire the raw materials for their innovations from smaller com-
panies, either by acquiring the small enterprise-or by hcensmg or
some other appropriate arrangement.
This leads to a hypothesis that I think is of extreme 1mportance
and which has rarely been advanced; namely, that what is good for
- small enterprige, particularly small technological enterprise in the
United States, happens to be good for large enterprise as well.
One of the things which surprises me every time I get involved
in this field is how few large enterprises support small enterprise
explicitly, either through helping Congress understand the problem
or taking explicit actions to support small enterprise themselves. It
is not surprising, for example, that I find Control Data here today.
They are one of the exceptions to the rule. But there should be so
many large enterprises explicitly inferested in this that Control
Data’s commitment should not be exceptional. I think that is a
very important point. And the situation can be helped by some
actions that Congress might take, which I will come to shortly.
The policy implications of what I just said include several, of
which here are three. Given the fact that small firms appear to be
more efficient than large firms in the way they use the R. & .D
funds available to them, since we are finding that small firms
innovate at a higher rate per employee; for example, there is an
indication that funding of small-firm R. & D. is more. cost effective
than largefirm R. & D., at least under many circumstances. The
cost. effectiveness of investment in small firms is further enhanced
by the fact that innovations seem to be brought to market sooner
than those emanating from larger firms, as I earlier observed.
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-fynds, whatever—that such parchases wherever possible, be'carried .-
-out on a performance basis rather than on a design basis. That is,
~ performance specification purchasing will introduce small enter-
: prises into markefs where they have been effectively barred by:the
-overreliance on’ design ‘specifications. I invite you to analyze, in
~terms of Federal procurement; one specific case in point: The
“FAA's niethod ‘'of ‘procurement -where-they: rely-in the high-technol--
“#ogy area- almost--totally--on-desigr- specifications.- Talk-te. small--
rentrepreneurs who would like to respond to FAA's needs, but can’t
meet the design requirements. They could help FAA move technol-
~ogy much further than the tradltlonal des1gn oriented suppliers to
. FAA have been able to.do. -
i Mr. SHAMANSKY: You are asking us to ask that questmn‘? What
do you think? Why is that?
. Dr. GELLMAN. I think there are two or three fundamental rea-
sons for that. One is that I do not believe most Government agen-
-‘cies with substantial resources devoted to buying goods and serv-
ices understand the potential of the small enterprise contribution
to efficiency and innovation. I think there is a woeful ignorance of
the differences between small and large enterprises in these set-
~tings where hardware and software are being acquired. I think this
is.true through most of the Federal Establishment and certamly
through the purchasmg agencies thereof.
The second is I do not think the process of technologmal innova-
tion, especially on the high- technology side is very much under-
»stood by public agency officials. :
¢+ Mr. SHAMANSEY. Do you think it is understood in prlvate‘?
Dr. GErLMmaN. It is not well enough understood in private, but a
. “lot better understood in private than in public. Indeed, one of the
- unfortunate things we have found is that in procurement oper-
ations and the functions tied to them, such as the engineers that
write the specs and so on, very few people in-the public sector
understand the free enterprise system and how investment deci-
‘sions are- made in the private sector. I marvel and blanch at the
- same time at how we go on forward with such ignorance rampant
-on the part of people with so much purchasing money
Mr. SHAMANSKY. Whose fault is that? "
Dr. GELLMAN. I think that is the fault of a successmn of adm1n1s—
.. trations.
- Mr. Smamansky. How about-the- market‘? We are a market-on—
ented society. Don’t they have a reason to educate the pubhc a
responsibility?

Dr. GeriMan. Many enterpnses serving the public sector have .

attempted to explain the process of innovation to all thelr potential
and actual customers. -
- Mr. SHaAMANSKY. How does that manifest itself? - _
Dr. GeLLMan. T think it manifests itself in the form of pubhca—
‘tions, in the form of speeches, in the form of people: calling on
procurement and engineering people throughout the Government
establishments to try to explain why you need to do this to get
from here through the process of innovation to there.
Mr. SHamaNsky. If you say the peopie have the greatest motlva—
-tion to do so0, the private sector hasn’t succeeded in educating, why'
would you think that the bureaucracy would be able to?
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111{‘1(]911_1_‘3"\7 relates to one of the other suggestiong that I have that.
relates to education. .

I will jump to that to save time because it is consistent W1th your
guestion. I think there is a role that the government can play with
regard. to education for entrepreneurship, education for small en-..
terprise careers. Let me give you the two thmgs that I thmk need
to be done in very general terms: -+
“'Otie, I"do not ‘believe that-in- secondary educatlon in- thls countr
when children, high schoolers, kids, when young people at that
level of their education are con51der1ng what they are going fo do
with . their lives from a career standpeintf, I believe they are not
given sufficient information and sufficient inducement to think -
about small enterprise kinds of careers whereas the large enter-
prise kind of career is indeed avanced to them as a possibility.

It is on their menu. The small enterprise career per se is not
very often on the menu at the secondary level. I think there are a .
number of ways that public education could be induced to deal
with that problem, which is a very low cost problem to solve With a:
very high payoff inherent in it. ,

. Second, in terms of education, I beheve there should be curricu-

“lum materials developed to assist certainly in.the MBA type envi-.
ronment but perhaps in undergraduate levels, too, and particularly
in engineering schools—to assist people in understanding the prob-
lems of small entérprise and help them recognize those problems
and also point the directions toward solutions.

I don’t think we have much in the way of special attention paid
to the management training aspects of small enterprise. I feel this .
very strongly. In the private sector, if large companies recognized
their community of interest with small enterprises, I think they
would find it prudent to contribute greatly to reorienting the edu-
cation process, through intellectual resources, if not capital.

Another matter that was the second element of the purchaSmg
issue, I would just like to mention in passing because 1 do think it
has importance. I don't know how much of it is direct economic
- importance but I think it has some psychological importance which

results in economic importance as well.

We have some screwy concepts antitrust—not only laws-—that go_
against small enterprise in a very important way for certain types

. of small enterprise such ag consulting and other research-related
firms. Let me be specific. Robinson-Patman is held not to apply to
services. I my consulting firm, which was 20-some people at the
time we sold our firm to a very large company, our car rental and-
hotel bills went down 35 or more percent instantaneously with the
sale. I can assure you that the hotel chains and the auto rental
companies bear more cost in serving us now than they did before
because now they have to look up what the discount structure - s
for our particular parent, and so forth.

This sort of thing is highly discriminatory against small enter- .
prise. There ought to be a search through the economy, if you will,
to see where these kinds of nonsensical situations exist and, in fact
do discriminate against small enterprise—discriminate- in- a. legal-.-
sense or in the more relevant sense which is the economic sense.

This sort of volume discounting without economic justification: is:
unconscionable and it goes on every day. I think it ought to be.
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‘that an excuse or a reason that the private sector usually chooses
not to take up such opportunities? You and I don’t know becatise
we haven’t had enough expenments where Government. glves up
its proprietary position.

: Mr. SHaMANSKY. ] am concerned. You had great faith in- the
..market. I am- always told this’ magical thing-called the market is-
going to do thege things and” you “dré saying the rnag1cal thmg
doesn’t have any enérgy. It i tiot very' effectwe* &

Dr. GELLMAN. I think it is effective. '

Mr. SHAMANSKY. It isn't effective here. Who is 1nterfer1ng w1th
it?

Dr. GELLMAN. When the Government takes even nonexclusive
rights to a technology, it is certainly limiting our system s working.
We have a very great faith, generally speaklng, in the patent
"system. While I don’t know whether that faith is warranted or not,
when we take away that sort of protection as a condition of grant-
ing an R. & D. contract, which is the usual case, perhaps we don’t
let our system work for us as it could.

By waiving nonexclusive royalty free use, by letting exclusthy
lodge with the R. & D. performer, would that have the effect we -
would like to see? I don’t know bécause we haven’t conducted
enough experiments across a broad enough front——

Mr. SHAMANSKY. Isn’t it true that sometimes the Government is
. able to make an exclusive arrangement based on the willingnes to
exploit it? There is such a possibility. ‘

Dr. GELLMAN. Not much. There are some exceptions. !

Mr. Saamansky. There is a precedent that if someone wanted to
market something, they could approach the Government and say I
will do this if you do that,

Dr. GELLMAN. I have been involved in approachmg the Govern—
ment on those matters many, many times and never with complete
success. The one that comes to mind where we did in fact achieve
something, it took so long that the competitive .edge was melted
away. It took 2% to.8 years, as I recall, to get the results you
suggested : . _ \

Concluding as guickly as T can, | think we need to recognize also
that the process of innovation is a very complex one consisting of
myriad elements, and that there are many elements in the process
of technological innovation that prevent our small enterprise com-
munity from providing for itself and for us all the economic
growth, development and well being that: they have. the capablhty
of prowdlng

In majy cases this is because there are certain elements of the '
process of innovation that are particularly difficult barriers for :the
small enterprise to climb over. For example, just one -example, 1 .
suspect that there is an important role for Government to play, not
so much as subsidizer but as provider for a fee of prototype and
testing services in many fields of endeavor.

In analyses we have done on processes of 1nn0vat10n—spec1ﬁc
outcomes and services, real innovations—we have:found in many.
cases that prototyping and testing are two very important elements
of the process of innovation that you must get over where the
capital requirements and, indeed, some of the intellectual capital
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between 1965 and 1975 and that the number of businesses in the

national inventory is increasing each year.
~ Taking various estimates of failure rate into account, it is easy to

reach a number that fits within the previously stated range. Conse-
quently, I conclude there is no dearth of entrepreneursh1p in the

United States:.

Iricidentally; to underline something that Dr- Gel]man sa.ld, the.-.
dataare-atrocious. The-only-data-we have on.failureg.are.provided..
by Dun & Bradstreet and anybody who has been in busmess would
hardly base an estimate on that.

The estimates are nonsense. Any way. you leok at 1t you hear
conventional stories that 90 percent of all new companies fail the
first year and 65 percent fail the third year. These are all based on
the same poor set of data. Even admitting, Dun & Bradstreet
- whimpered a little and said- nobody was supposed to use them to

estimate these kinds of things.

There is a body of literature based on the reasons for fa.llure
based- on the same nonsensical data. All we do know ig that IRS
data, in that data, the number has increased significantiy.

A side comment, those failure rate numbers broadly believed are
one of the real deterrents to entrepreneurship ‘because they .are u
very convincing that everybody is going to fail before they. start.

Furthermore, despite many attempts at showing a drop in inno- L
vation through such surrogate measures of patents, R. & D. dollars,
degrees issued, number of publications, there is no direct evidence
of a drop in innovation. Measures of innovations are hard to come
by and especially of the many surrogate measures that have been
used to make a point about innovation is easily refuted by other
learned studies. There is a recent article just came out in Business
Horizons that I think does a very good job of reviewing the litera-
ture on the subject. I recommend it to anyone who wants to look at
it.

For example, a Business Week article stated as ewdence of the
drop in innovation the fact that in 1969 there were 204 new public

~licensed technology based companies and the number dropped sig-
nificantly in subsequent years. ' .

What they left out was the fact that there were a total of 548
small business public offerings in 1969 and that number dropped to
4 in 1975, because the whole stock market had gone into decline. If
had nothmg to do with the mnovatwn it was Just the matter of
public issues. :

If you compare the 204 pubhcly financed new technical compa-
nies to the ¥ million to 1 million new companies formed that year,
you can see it is a trivial number. .

Let’s go to the subject of venture capital ava:lablhty Venture
capital has never been available in any significant quantity for
high-rigk items, except in periods of fad or glamorization. If 1 were
right—right now we have a new-found interest in biologicals. There
are two ads in the last issue of Nature magazme Wthh offers
funding help for any biochemical ideas. - .. .

They are just saying, come to us in Smtzerland and New York
and offering funding because there is a new-found heated-up
market for biologicals and genetics. :
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At first we thought this was personal and Whlms1ca1 Later on,
‘we found they did better than most venture capital: firms do. Inci-
dentally, we were accused that it wasn’t even America, it was only

~ in Texas. I got a doctoral dissertation student and a French student
and had him do it in France.

It was really obvious, because he cried all the way to. France,
nsisting ‘that there-was-no.venture:capital.in. France..I.got. him to
«o to-France, which is as:different.from. Texag.as.can. be, and:found

‘the same kinds of responses. Except for moderate: dlfferences, be-

“cause of local law, the same kinds of people responded in the same

kinds of way to new ventures.

Another thing T must point out is that the venture cap1ta1 firms
under the best of construction do very few. startups. Stan Pratt,
who keeps track of -these events, told me- that there were 550
venture capital firms in the United States.

I know Diebold’ Associates made a study 'and found out that they
-made about ‘three . investments per year, of which less than 10

- ~percent were for startups. That doeSnt amount t0 ‘very much in .
terms of new companies.

Again, we did other studies of loan ofﬁces because loan ofﬁces
“play an important role in the early stages of new:companies or
“whether the entrepreneur will: get the loan as interpreted by the
~loan officers in terms of the three Cs, one of which being character.

We took venture capital situations, many of them technical,
young, new and different companies which are the essence of devel-
opment, taking them to 200 loan officers in 40 banks in six States,
‘and we found tremendous variation. Two loan officers sitting next
to each other, one would -make the loan and -the other wouldn't.

Both would. say it is the bank’s loan policy. The vice president:of
the bank would say neither was the loan- policy of the bank: We
‘found differences’ between banks and differences between cities. I
have been involved-in a similar study in Columbus and it is as
“different from Texas as France. Mr Shamansky can probably
- attest to that.

- Mr. SHAMANSKY 1 can’t even recognlze What you re saymg

[Laughter]
" S5HAPERC. Again, at *'he local level, how the local ﬁnanc1a1
commumty responds makes all the difference in whether a compa-
~ny gets started-and nurtured in its most critical years. Most of the

“ attention at the national level on the stock market and on venture

~capital firms, is interesting, but ho-hum from the v1ewp01nt of

entrepreneurship in general throughout the country.

Another point:I would like to make is about where the money is
most needed. I call it shovel money but I didn’t invent.it, though T
“wish I had. A very perceptive and astute Canadian venture capital-
ist, Burke Brown, in Toronto, has coined that term to describe the.
term “shovel mioney,” to describe the moneys required to bring a
new business notion to the point where it can be intelligently and
properly responded to by potential sources of capital.

"~ As he puts it, there is money lying in the street, but you need' a
--ghovel to pick it up- and it’s getting the shovel that's the hardest o
* problem for the would-be entrepreneur or inventor. He needs sup-

port for those activities ordinarily done by staff people in large

" corporations, and not very well, incidentally. But they have the
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area. For example if ' you look at finance textbooks there is usually
a half sentence about privaie local investors discussed among other
sources of venture capital. Therefore, it is hard. put to say exphmtly
what should be done, except to say that we must look at how local
people respond and find a way to encourage that investment. In-
vention does not only occur in“Boston, the Silicon Valley, or Wash-
=ington,..1.C.. We .have. a.large and very d);lnamm country with

roughout it length e et

.invention,.and.. potentml entrepreneurshlp t
and-breadth: - S

Some of the current attempts at pohcy are defeated when you
- look at them from the local level. In our study at Columbiis a local
investor went through our list of companies and their description
and indicated what he’d invest in. We' then asked him policy ques-
tions such as, “Sir, if you could roll over’ your 1nvestment would if
change your dec1smns‘7 " His angwer was very good, * Generally, yes;
specifically, no.” He ‘liked the policy idea in general but when it
came to a specific company the policy wouldn’t change his mind
one bit. He looks at the specific situation at.the local level. Little is
understood about this local response dynamic.

I suggest we have to do something to.tune bankmg at the local
. level. Banking varies tremendously by city and by region, but the
potential in just changing the perceptlons of loan officers to-where
1 percent of commercial money is shifted toward new and young
companies has more potential in it than 10 times all the federal.
programs . that have been funded in the last several years. Tuning
of the existing system has more potential than all new programs
that have to be proven and debuggéd combined. *

We heed “shovel’” moneys. We have to design programs that are
not as restricted as the one in the National Science Foundation,
which is restricted to very high technology. I suggest that we
encourage the proliferation of such programs not only through
Federal programs, but out to the States and out to communities
using a much broader construct of technology than is now applied
by NSF. I think this could have tremendous-effect and also stops
this regional chsproportlonate attention on two or.three.areas of
the country.. .

Finally, just -again, whatever programs we have to broaden
should broaden the nature of what we call technology. Thank you.

[The prepared statement of Dr. ‘Shapero follows]
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SMALL BUSINESS INDEPENDENT INVENTORS AND -
EARLY FINAMCING FOR NEW’ TECHNOLOGY
ey .
: :‘._"A[bé'rt Shapero‘,_Professor'j
--Ohio.State University . .

‘Ith this testimony’l would like to contribute. some data-based ideas somewhat . .-

at odds \vlth what appears to be the conventlona] wxsdom that Americamn: mnova-

a. There is l|tt!e conv:ncmg evndence of a dec[me m entrepreneur ;

;-:ship-or innovation in our, country. ;

2. Thereis no less; venture capital aval!able 10 mnovatlve compames
today than his been ‘available: historically. : L.
3. Capital for company startiips comes predominantly” from personal
'.'.and local solrces anci is not 'a’ function of such highty pubhcazed :
'"|nst|iut|0na] sources as venture caplta! firms ‘or -the Stock market. ...

) Perhaps the most crmca[ caplta[ gap for’ mventors ‘and potent:ai

5 the muney requ:red to do those thmgs (feasabmty

. entrepreneur

.'studles testmg,busmess p[ans) that wnl! enable them' to get capltal

frnrn conventmna! sources..

“3.-There is.an mordmate mterest m. "hlgh" technolngy whu:h is more .

-‘rnmantlc than useful. from the natrona[ v1ewpomt

Entrepreneurs h:p and [nnovat;on

Over the past:several years: the rate of new cnmpany fDl"thIOnS has been .
:‘":'u.s‘leadlly rising:in good times and:remaining at a very high Tevel in’ hard times.. .

" The indicators are strong, though there are no valid statistics on the number of‘

" company formations o failurestin the United: States. ‘Ectimates of. startups by:.
knowledgeable peeple range from 500,000 to one miflion startups per-year. . WE

““do know that the lRS showed a net’ mcrease of 2,563,000 busmesses in the

ien years between 1955 and 1975 and tha: the number‘ of busmesses in the natmnal

inventory is mcreaszng each year. Takmg various estimates nf failure raté into

b Shapero, A,, "Mumbers that Lie,” INC, May 1981 (See attached).




resources available and charge it to their overhead in terms of

feasibility studies, testing, development of market research o get
“together the materials that will make a plausible argument that

can be presented to sources of finance. We do have some very
intelligent programs in the Federal Government and I must say
-surprisingly so. ‘ o _ o

In the National Science Foundation, you're going to hear from

Mr. Roland Tibbetts, and he has an excelient program. There has
-been a program funded in the Department of Defense but fighting
-& bureaucratic battle because they gave him the authorization but

took away his staff. . .

.. These are programs that have been financing the shovel money.
.. They essentially bring the Government in at the proper point when

:the risks are very high and when the cost is very low..It.is a cost
for seed money for these early activities.

. The program .is so designed that when the risks are down by
'some feasibility have been demonstrated and the costs are going: to
. go up, it is then geared to go into the private sector where those

who will gain and profit by it can now put up the money. \

- 8o, we have some recognized efforts in this area, but in general,
. thig is a very great lack. There have been attempis. by some agen-

‘cies to put centers in universities but not always having been a

university person I'm not very sanguine sbout universities being

“able to find their derriere with both hands with regard to this
'-'gicg,ivity. There is nothing in the university to prepare it to do this

job. o
oI would like to make is a few policy suggestions. I think there is
.;more to innovation than high technology. Rocks do not have spir-
“its. Things do not: have a life of their own. Technology has no
- meaning without people. : , .

. We heard before that the Japanese take much of cur technology

- and exploit it successfully. I would like to suggest that this is an

~example of the romantic and primitive view of innovation. I have
- studied entrepreneurs for two decades and 1 am fascinated by

.them: I have seen several companies that started with a hot tech-

nological idea that didn’t work, but they didn’t go out of business. .
+:'They are doing something  else. They started with an aerospace
~contract and now they are making a ski binding: The entrepreneur-

--ial event is our real source -of innovation. No other couniry in the
- ~'world has the number of company formations, the relative number

" of companies formed, and the friendly environment to: enterpre-

neurship in the popular culture outside the universities.

- I would like to suggest that we are having our brains beaten in
“when it comes to glassware, shoes, production techniques, and that

there is far more to be gained by the development of new methods

-of joining metal and cutting metal and new materials than there is
-in just such narrow construction of high technology as is popularly
~put forth. . : o :

I would like to make some policy suggestions, and I wish I could

be more explicit but the data -do not permit. We should consider =~~~

“"how to expand and encourage local investment in new ventures

. ‘and not concentrate so much on the national marketplace: The
wtrouble with doing something in this area, however, is that we

- know very little about it. There is no interest in research in this -
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. I I called a company the Columbus Cheese Co., it couldn’t get.a
hearing from anyone. But if I were to call it the Silicon Valley
Mold Technology Co., which is cheesemaking, I could probably get
30-to-1 price earnings ratic in short order and get all kinds of
people wanting to take me public.-

. Historically, new technologies have always found it tough They.
are high risk -and that makes new ventures have-a hard time
getting money ‘anyway; but higher technology, which has higher
rigk, has a harder time.

Many of us have a perceptmn that there were better days before

_ because of the “go-go” years of the sixties stock market. Many of us
would like it to return and lots of people are pushing for a return
because they missed their chance the last tlrne and we. can still

: remember it.

- However, if you look back mto the way alrcraft were ﬁnanced
and the way automobiles were financed, you .found a fad. fetish
with the aircraft industry. The aircraft industry was hard .put to
get public moneys until 1927 after Lindbergh flew the channel.

There was a popular interest in aircraft and the stock market
was heating up on its way to 1929. Then they got support. -

- Automobiles had a tougher time. They forced their dealers to
finance them. They got up-front money from dealers so the auto-
mobile industry could get its financing. There has always- been a
hard time for new technology. -

So today is not much different. How one removes the risk from
1t except through Government guarantee, and I don’t advocate
that because we will mask bad from good technologies. Today what
is current, is'4 question. -

.. The next point I would like to make and 1 thlnk it's probably one
of the more important points I can make, is that no venture
support is essentially local. :

Every study that’s been made, and there aren’t many, of how
new ventures get their funds, new startups, shows that. 99.9-some-
thing percent of all new ventures get their money from personal
gavings, . personal borrowmg, at -the bank, family and friends, and

" what we used to call When I was at the Umversﬂ:y of Texas,; good "~

old boys, local people of wealth who invest in the business.

I would like to add the f(ﬂlomng We did studies, and 1 think
~ they must be among the only studies—I had some of my students

working on a dissertation of how local people responded to new and
different companies. We took investment situations to prlvate in-
vestors to two cities in Texas. = - -

They were in the same social cultural m111eu in the same eco-
nomic region, in Austin and Waco. One city had grown, one city
had not. One city had Iost population. We found-how local people
would invest.

Interestmgly, we - found SIganicant dlfferences between the Way
eople invest in the cities that grow versus. the cities. that didn’t

.ed—the returns had to be above 'a certain threshold and they
invested after they locked at the person and the deal and:the
subject matter of the company. They had to like both of -them.-

“grow. What. we found was that prlvate individuals ihvest in a “way T
“that’s rational, but not as described in the téxtbooks. They invest-"=*"*



required is not practical or possible for a small enterprise to accu-

mulate and exploit a sufficient percentage of the time.

. T would think without anticompetitive effects, there are mecha-
nisms that could be employed by the Government that would
return to the Government any expenses it might incur while still
encouraging quite dramatically small enterprise exploitation of
what we call techhological possibilities. .

" I am prepared to conclude at this point. I have many more things
I could say over a much greater length of time but I will forbear.

© .. Mr. SuaMansgy. Thank you, Dr. Gellman. Our next witness is
Prof. Albert Shapero of the Ohio State University which I am

" ‘proud to note is in Columbus, Ohio, my home. I have been a
longstanding fan of Dr. Shaperco. I am still thmkmg about all the
issues he raised. It is a great pleasure for ' me to welcome you, .
Professor Shapero, to our commitiee.

~Dr. Suapero. Thank you very much. This is a pleasant surprise
to be in front of a fellow Columbusite. -

* In this testimony, I would like to contrlbu‘be some data-based
ideas somewhat at odds with what appears to be the congressional
wisdom that states that American innovation and entrepreneur-
ghip have been declining or are in disarray primarily due to.the
lack of venture capital for one thing, as well as many other items
that are brought to bear.

I would also like to suggest at the end of my prepared statement
here some policy directions that I believe could significantly in-
crease desirable new company formations and their subsequent
survival and growth in both high technology and other technology

. 'areas.

First, let me make the follomng points: First, I think there is
little convincing evidence of a decline of entrepreneurshlp or inno-
vation in our country.

Second, there is no less venture capital available to innovative
companies today than has been ‘available historically. That's not
very comforting but it’s not very different.

Third, capital for company startups comes. predominantly from
personal and local sources, and is not a function of such highly .
- publicized institutional sources' as venture capital firms or the
stock market, which occupies possﬂaly 99 percent of the discussion
1n public media circles.

Fourth, perhaps the most critical gap for inventors and potential
entrepreneurs is the money required to do those things, such as
feasibility studies, testing and business plans, that will enable them
to get capital from conventional sources. There is an inordinate
interest in high technology which is more romantic than useful
from the national viewpoint.:

Over the past several years, the rate of new company formatlons
has been.steadily rising in good times, remaining at a very high
~ level though flattening, in hard times, such as today, when interest
tes and inflation are high. The, 1nd1cators are strong though
lere are no valid statistics on the number of company formations
““or failures in the United States.

Estimates of startups by knowledgeable people range from a half
million to 1 million startups a: year. We do know that the IRS

showed a net increase of over 2% million businesses in the 10 years
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- stopped even though I am currently the beneficiary of that discrim- .
ination. That is a purchasmg sort of problem of the more mundane
sort.

A more thorny problem for the public sector to-deal with relates
to the small R. & D. firm. I am not convinced that the public is -

served by the U.S. Government’s funding so heavily enterprises.
that do research and development and only research and-develop-
ment. .

‘T'am not sure we are ili served, I just don’t know. :

. ‘But then again, nobody -else appears to know, e1ther Probably -
there- is much talent, entrepreneurial talent, locked up in these:
small R. & D, firms—talent which is sufficient to get them to the.
marketplace with an R. & D. result other than a research report.
The only goal for them now is an intermediate product—an R. & D.
report. I am not sure that anybody’s interest is well served if we

- overuse talented, high-technology - enterprises to produce -only
" R. & D:results which when, delivered to the Government customer, _
may or may not be exploited in the marketplace.

Such firms that have no commitment to go to the market in
exploiting their promising R. & D. resuits, it seems to me, are the
sound of one hand clapping: they don’t do much for the economy.".

. Mr. Ssamansky. Excuse me;, Doctor.. You are eluding me here.
Maybe I don’t have enough business background You have R. & D '
firms who have contracts to do what?

Dr. GELLMAN. Produce R. & D. results.

-Mr. SHAMANSKY. For whom?

Dr. GELLMAN. Government primarily.

Mr. SeAMaNsKY. Why does the Government ask them to do it?

~ Dr. GELLMAN. The Government defines an R. & D. need.

Mr. SEaAMANSKY. You mean to say someone in the Government
has an idea they want an R. & D. result on with nio end product
except the mere existence of the R. & D. report‘? :

Dr. GELiman. That has happened. :

- Mr. SHAMANSKY. Is that the norm?

Dr. GELLMAN. I would say when the:R.-& D. contract is let when .
the procurement of the report cycle is started, there is usually in

- mind a specific technique for producmg a product or serwce that
gets to scme market. .

But more often than not, I think it is fair to say, the post R. & D
report activities are thwarted or are exploited very slowly and
indeed, we don’t get much as a country out of R. & D. results of
this sort. :

Mr. SmamaNsky. Aren t those things available to the pubhc‘?'--

Dr. GeLLMaN. Yes; but you have another set of problems like:
exclusivity. When the Government pays for the study, it obtains
either exclusive or nonexclusive rights to the technology and there
are problems for entrepreneurs ‘who mlght want to exploit the

-technology, .. .ovoon oot i

~Mr.. SHAMANSKY ‘Wouldn’t that. be a.marvelots. opportumty for:.

some entrepreneurs to get that stuff and do something with it?

‘Dr. GELLMAN. I agree. What you are saying is we need to know
how much of a barrier it is, in fact, that the Government maintains
at least nonexclusive, royalty free use to R. & D. that it sponsors. Is.

well served or the economic development. of this country. is well.. -
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- Dr. GELLMAN. I have never served as a Federal employee except
in uniform and that certainly .didn’t prepare me to answer this
question from personal observation. But I do-believe that one of the
~roles that the Small Business Administration should have been
playing and I think has played very little.is in fact. to educate
.government procurement pecple with regard to the effective, bene-
ficial use of their purchasing power—for example how much more
‘ they can get out of a dollar with small enferprizes compared with
large .in many areas. FAA .happens to be one I am reasonably
familiar with but there are others I am sure. .-
.. I think the SBA .could have done and indeed should be. domg a
" ‘'somewhat more effective job in making small. business efficiency,
-as it were, better known and better understood in- the Federal'
procurement establishment.
..~ 1 also believe that private 1ndustry warrants cr1t1c1srn bemg
hurled at it. Indeed, however, it should be clear that where degign
specifications are. emplo_yed primarily as the procurement tech-
-nique, the large entrenched firm really cannot have much interest
in-educating the procurement people to the power of the perform-
-ance specification to.bring competitors in against itself.

~.8o, I on: further reflection, I do:not expect that large, entrenched-

,:enterprlses are. very often go:ng to: try to educate: pubhc procure-
. ment people.

- Mr. SHAMANSKY. You can apply that analogy to the automoblle
r‘mdustry, can't you?

Dr. GeLiMaN. 1 suppose 50. I beheve that is probably a good
analogy. I would have to think about it some more. But it seems
ssensible to me. By the way, this business of design and perform- -
ance specifications is not nearly as well understood-as it ought to
‘be in any sense, in my judgment. There is no burden of proof that
-a design. specification should not be used and a performance specifi-
~cation should be used, either explicitly or implicitly, in public
- procurement or in private procurement in most companies, either.

- .- I think, however, that the performance spec is a very powerful
-tool to-improve. the innovative performance of the American econo-
my which has special relevance here given the very substantial
amount of funds that are in the hands of- government for purchas—
.ing purposes in the United States:
Mr. SHAMANSKEY., You are flanked by two acadermcs JAre you
-satisfied that the business schools are doing their share? - .

Dr. -GELLMAN, I should. warn you, sir, that 1 am an adjunct
professor at the Wharton School at Pennsylvanla

Mr. SHaAMANSKY. Since we have a panel of three academxcs what
are you guys doing?

Dr. GeLLmaN. Earlier 1 referred to Professor Schumpeter who
was an academic; he cried in the wilderness about much of this as
far as the private sector is concerned for many decades. I think the
-academic community has too few people who understand the proc-

f innovation, too..But the few.are trying:.... ...
anr SHAMANSKY. 1 know the gentleman on your left. 1 know he_

OWS.

..Dr. GELLMAN. Yes. I have known him for a long time. I know he
a;knows for two reasons, not the least of which is the fact he has
been out there in the real world. I think it is important, and it

Lo
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- R. & D. in concentrated industries should be directed (o smaller
firms where the economic performance appears far better than the
that of the larger firms.

- Now, with time short, I would like to make a couple of general
pomts and then four specific suggestions for improving the environ-

-ment for small, hlgh-technology enterprises. You have perhaps
noted that I use the term “small enterprise,” more often than

“small busmess The reason is that I believe we have come to see
the term “small business” applied to what we consider manufactur-
ing and dlstrlbutlon—type firms, By “enterprise,” I think we want to
convey two things in addition to that: First, small agricultural
enterprises which are not often thought of as businesses though
they are indeed that, and second, the small public enterprise, the
small airport, the small hospital. Our country is increasingly find-
ing itself reliant on public enterprise and among the public enter-
prises are a growing number of small public enterprises. I think we
ought to recognize that many of the problems small public enter-

- prise faces are not unlike those of small private enterprise.

I think we need to have a much broader understanding, also,
that innovation that is “high technology,” that is R. & D.-intensive,
often requires the support of small enterprises that may not them-
selves be R. & D.-intensive. There are many services to be provided

" in support of high-technology innovation that small enterprises are
especially well-equipped to provide. In additien, there are small
enterprises that, in support of high-technology innovation, can pro-
duce support or service activities that are not very technological at
base under any definition.

- So, we want to recognize the complemty of the process of innova-
tion and indeed the support that small enterprise can provide all
along the line and in all degrees of technology intensity.

+ Let me return to one point that T made before, adding one more
point, namely, that there is a community of interest between small
and large enterprise in this country and that it exists and has been

- demonstrated repeatedly. One of the most interesting ways to see

this is by looking at certain industries and considering that each

industry has a_certain amount of preeminence, let us call it, and a

certain amount of predommance in world markets. -

By “preeminence,” I mean to convey the mtellectual capability
to address the market and by ‘“‘predominance,” I mean basically
share of the market enjoyed. Much research suggests that small
- enterprise is often more efficient in the exploitation of technology
but that larger enterprises are more efficient in exploiting some
markets which need such technology. We need to maintain preemi-
nence in many fields where we also want to be predominant. It is
possible to separate the two and we must do so to develop the
proper public policy conclusions. Among such conclusions is that
“small and large firms may often have to work together in vertical
arrangements in terms of the process of innovation in-order for

be estabhshed ‘and mainfained.”

the' most powerful things, it seems to me, that can be done to
support high-technology small enterprises is to requiré that pur-

" ¢hases made with Government funds, with Federal funds, State

both to be successful and for U.S, preeminence and predominance .

Let 'me ' conclude by making several specific' suggestions. One of

o




of this soxrt are subject to many limitations, it certainly is true that
technological change has been: responsible for a substantial share of our past
productivity growth. -Moreover, as indicated. above, the rate of innovation in
the Gnired States has st important influence on the competitiveness of U.5.

. goods in world markets '-aru;'l on our rate of inflation. Thus, there can be-little

guestion concerring the.sigrificance of technnlugica'l‘ innovation. te the. -
'

American economy.
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; Iﬁr ‘Gore. Thank you for that fascmatmg overv1ew, Dr. Mans-
te S

The subcommlttee considers you one of the two leadlng experts
in this field. We are delighted to have you here.

Dr. Gellman, we would like to hear from you next. You have
been looking at this issue at least since 1967. We are most honored
to have you with us on this occasion.

Dr. GeLLmaN. Thank-you very much, Mr. Gore. It is a pleasure
to be here. I think there is ample ev1dence to advance with some

- vigor the hypothetical that small enterprise is very important in
general t0 economic. well-being and development in-the United
States and that high technology or technology-rich small enterprise
has a very special place, special role to play. Indeed, Professor
Mansfield set-the stage very well for that observation: -

We can go back to Schumpeter, the famous economist, or.even

“further. Joseph Schumpeter spoke eloguently about the “rise of
new men” and he spoke of inventors and entrepreneurs when he
used that phrase. It is difficult to imagine that there was ever a
more important period in American history to encourage the use of
such new men than there is today.

One of the tragedies of our times in terms of small enterprise is
the lack of data to tell us with the required precision what the role
of small enterprise in high technology is in the United States. Part
of the tragedy—or one of the reasons that I consider it to be a
tragedy of some importance—is that there are quite a lot of raw

-

data that can bé massaged, can be treated to gain 1ns1ghts ‘beyond

also to indicate in another way, and I think a new way, the
importance of small high-technology enterprise, I would just share
with you a few conclusions that will be published very scon from a

““’that which we’ already have. As an illustration of that point, and
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6. Innovarion and U.§.' Competitiveness in World Markers

Besides affecting productivity and economic growth, as well As the rate

_of infl_é_,j:ion, technologlcal '_iunqyi_a.tio_rn_ ‘_]T_n_f'que_nces how competitive American firms: .
ere in world.rmarkets. Although economists have been av};re for ‘over va century

that technological clisnge ‘is-one determinant ‘of ‘the nature and size of g - ‘=
countrjr‘s"" fmports and exports, there Has beenm“increasing emphasis on this. ©7 7. ,
factor in‘the past 10 ‘6t 15 years, Both from:case studiesvand statistical-=i7’ *.

analyses, economists have found that U.§. industries that spend relatively large

amounts on R ané D'are ‘the ones that lead - in menufactured exports, foreign~ ™" «
_direct investment and licetsingi’ Needless to say, there.is Qn encrmous amount

that remains o be ‘learned concerning the relationship between technological

change and our, foreign trade. 'But the- available evidende seems to suggest

that technologil_:a_f innovation has had g'ma.jor influehce’ on” American exporty):

recelpts frém licenses, and direct investmeat gbioad:’

It many areas where we have a favorable balance of trade, our ‘Comparative

_advantage seems to be based on a technological edge. “In R and D-intensive

manufak:l:uring induétries, such as nonelectric machinery, aircraft, chemic‘als',

electrical équipment, and instruments, the United ‘States has maintained ‘a

favorable balance of trade for many years. On the other hand, in hen-R and D-

\ .

intensive manufactiring industries, the United Statés has experienced a very

large négé.tivé trade balance in the past decade, /Of course, many factors-- "

such as exchange rates, “tariffs, quotas, and the aggressiveness and effective-

negs with wh:.ch ‘firms try to markéet their products sbtoad-~influence our trade '

position. "But there seems to be w:.despread agreement among ecnnom.sts and

others that the role of teéhnoiogy in U.s. .fnre:‘.gn trade is important.’ '
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resource-saving in ‘mature; '@ technique has been devised to provide at least
rough estimates of an innovation's social rate of return. This technique has -

been used ‘to obtain published es:imates of ‘the ‘social Fate of return fotr about

10¢ innovationst
The results’of these studies, although:obﬁinusly tentative, séem™ ol
interesting from the point of view of publié ‘poliey.: First, the social rates
of réturn’tend to:be-very high, indicating:that if these innc;va_ntionsf:'are" at all
typical;”investients in new technolagy have paid off ‘Handsomely to scciety at
large: For éxample, obe study of L7 industrial “innovatioms--most of which were-
ﬁinof, not major improvements--found that the medidn Social rate of return from
the investments in thess’ Innovations exceeded 50 percent. Second, the private
. rates of return from investments in new technology seem to he lower than ‘the =
social rate of return. " Fer’ example, zmong the ‘17 innovations cited -zbove; the
‘mediap private rate of return was about 25 percent. 'Tﬁird;'iﬁ‘éhout'jﬂ percent
of the cases in'ghis ségple, the.p?ivgtg_ratg of return was so law that no firm,
with the advantage of hindsigﬁf, would ﬁave invested in the:innovation, but the
social rate of ret&}n-frém the innovation was so high*that, from éociety's'
point of view, the Investment was wéll worthwhile. Although this evidende is
very limited and by no means unambiguous, it seems to suggest that ‘theére may -
be an underinvestment in certain areas of civilian techhnology. Obviously;
however, the available data are o0 Sparse to'indicate where thé“shortfall-<i *’
if one exists--is greatest, but ‘for what it.may be worth, ‘the gap between”
private and.social rates of return seems to berelativel¥- large for more

important innovitions and for theé innovatigins that can be imitatéd.relétivély'

cheaply.bylcompetitors: ‘(See ‘Mansfield et 'al: (197?):)
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'3. Technological Change and Economic Growtk

Technologiczl change consists of advances in knowledge concerning the

--industrial,. agricultural, and medical arts.. Sgch'adv5§§qs_;gsult'in new. and
improved processes and products, as well as new techaiques of organization and ;
management. .The faet that technological change plays an importaet role in .
permitting .and stimulating the growth. of pe?.capita‘cuppg; aegys:se;f-eviQentf ¢
'Bgt_When one wants to gn_ngonﬂ such §1an§ geuerg}izétiqgs;;o_a gﬁanti;gtiye
summary of .the contribution of technqlng;pgl_ghangehtn the ;a;g_df_eéono&ic
gfowth, a number of basic difficulties are encouatered. For one thing, it is | b
hard to separate the effects pnﬂe;énumig growth of technological change from )
those of imvestment in.physical capital, since, to be“psed, new te;hnology_
,.frequently must be embedied In physical capital--mew machines and plant. For
example,ra numerically contrelled machine tool (or control mechanism) must be
- built to take full advantage of some of the advances in the technglogy“reLated
.to_machiﬁe toels, . Nor ean the effects of technological change_easily be l
separated from those of gdqqation,_since the social returns from increased
- education are enhanced by_technological_change, and the rate of technolqgical
change 15 influenced by the exteat and nature of society’ 8 investment in educationm.
Despite these and other prnblems, economists have tried to obrain quanti-
tative measures of the importance of technological change in Amggican econopiq'
growth. In a seminal article published in i957, Robert Solow attemptea ta ‘
-estimate the rate of technological change in the ponfarm U.S..economy, from 190%
to 194%. His findings indicated that, for. the period aé a “bDlg;.?Pe average
"'rate of te;hnoloéiéél change-was about 1.3 percép; éeg year. Based onrphgsg
fipdings, he concluded that sbout 90 percent of the iﬁcrease in output per

capita during that period was attributable to technological change, whereas only




: IMPORTANCE OF TECENOLOGICAI. INNDVATION TO
S 7 IUATHE AMERTCAN ECONGMY I -

JTestimnny before the Committee on Sc;.ence and Iechnolo
U.S. House of Representanves, July 21 1981

oz Edwm Mansf:.eld -
University af Pennsylvania

i 1. JIatroduction

-1 -have -been’ ask'éd to deééribe-‘-very briefly the-role and -importance:of

111 defiae -

_technulogical Lnnovatlon in l:he Amerlcan econcmy. To beg:.n wit

‘technology and mnovatlon. Then I 11 try to 1ud:|.cate the relatmnsh:.ps hetween B

‘technological ‘innovation,"un the one hand and uur nat:Lon s rate uf ecunomic el

.:gr‘owth inflation? rate, and mterna\:ional competztlveness, on the other.

T2, 'Technnlogical Change and . Thnovation

Technolugy cons:.sts of soc1ety g pcml of kncwledge concerning the :.ndustr:l.al,

'agncultural and-medical’ arts, It ig made up. of knowledge concerning phys cal

and soclal phenumeua, knowledge regarding the appllcatlon of baaic prmciples ta
. practlcal work, and kuowledge uf the rules of! thumb of pract:.t:loners and

craftsmen. Although the distinction between acience ‘and’ techno‘iogy 1is imprecise,

it is important.. .Science L:-;'.‘s-‘_,a;;agd at gnderst;_and:.ng, whereas :te._t_.':l‘_fn.ology J. _'_‘imed
at use, Changes in technology often take place as g consequence of inventions
that depend on no new scientifie principles. 1Indeed, until the middle of the
nineteenth century, there was only a locse connecticon between science and
technology. However, in recent years, technology has come to be much more
‘closely intertwined with science,

The fundamental acd widespread effects of technological change are obvious,

Technological change has permitted the reduction of working hours, improved
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improvements, found that the median social rate of return from
the investments in these innovations exceeded 50 percent,
- Second, the private rates of return from investments in new -
" technology—in other words, the rate of returh to the innovators, to
the firms that put up the money for the innovations—seem to be
.. .lower than the social rate of return. For example, among the 17
- innovations cited above, the med1an private rate of return was
~'about 25 percent.

Third, in about 30 percent of the cases in this sample, the private
rate of return was so low that no firm with the advantage of
“hindsight would have invested in the innovation.' But:the' social

rate of return from the innovation was so high that from- society’s
“point of view, the investment was well worthwhile. Although this
~~evidence is very limited and by no nieans uhambiguous, it seems to
‘suggest that there may be an undermvestment in certam areas of
‘civilian technology:

‘Let me turn to 1nﬂat10n, which is clearly one of the most ‘serious
“probléms facing the American economy. Via its effect on productiv-
_ity, innovation tends to reduce inflation at least in the medium and
“long run. Total cost per unit of output equals total cost per hour of
“labor divided by output per hour of labor. Thus, the rate of in-
‘crease of total cost per unit of output equals the rate of increase of
‘total cost per hour .of labor minus the rate of increase of labor
‘“productivity. This is merely an identity. If the rate of i increase of
“labhor productlwty—that is, output per hour of labor—is high, the
‘rate of increase of total cost per unit of output will be much lower
than the rate of increase of total cost per hour of labor. But if the
.rate of increase of labor productivity is low, the rate of increase of
-total cost per unit.of output will be almost as great as the rate of
‘increase of total cost per hour of labor.

.- Now, this exercise in arithmetic is of some importance in under-
s_tanding recent inflation. Of course, factors other than the slowing
.of our rate of productivity growth have been of major consequences
in accounting for the excessive recent rates of inflation in the
_United States. But this factor nonetheless has been. an important
. one.

- Besides affecting product1v1ty and economic growth as well as
the rate of inflation,:technological innovation influences how com-
;petitive American firms are in world markets. In many areas
:where we have a favorable balance of trade, our comparative ad-
-vantage seems to be based on a technological edge. In R. & D.
‘intensive manufacturing industries such as noneiectric machinery,
-aircraft, chemicals, electrical -equipment and instruments, the
~United States has mamtamed a favorable balance of trade for
‘many years.

On the other hand, in non-R. & D. intensive manufacturmg
1ndustr1es the United States has experienced a very large negative

trade balance in the past decade. Of course, many factors such ag ........d
exchange rates, tariffs, quotas, and the aggressiveness and effec- ...

““fivenéss with which firms try to market their products abroad
1nﬂuence our trade position. But there seems to be widespread

‘agreement among economists and others that the role of technol— o

“ogy in U.S. foreign trade is very important.
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This subcommittee has had a longstanding interest in innovation
‘and I will use, as its latest chairman, every possible means at my
disposal to insure that all unreasonable barriers to innovation are
" removed. We must encourage the small, high technology firms and
independent inventors to produce the new technology which will
.. fuel ‘the. reindustrialization of America. That is why we are here
today and this hearing is so timely and vital.

Today we will hear about private programs designed to increase
technological innovation through small, high technology firms and
independent inventors. Tomorrow we will hear from three Federal
agencies, NSF, SBA, and DOE/NBS about their programs to stimu-
late innovation.

Today, we will hear from four panels. The first panel will discuss
the importance of technological innovation:to. our country and the
role small, high technological:firms and independent inventors
have played despite many barriers that confront them.

- Our second panel will discuss the large corporation/small firm/
mdependent inventor interface. We are pleased to have Arthur D.
Little, Inc. and Control Data here today as both corporatmns are
leadmg the way to promote innovation.

The third panel consists of two university 1nnovat10n cénters, one
at the Wharton School in the University of Pennsylvania and the
other at Georgia Tech. Universities combine the technical and
business skills to assist the inventor and small firm at the earliest
stages of prototype development and market analysis.

The fourth panel consists of two venture capitalists, one ‘repre-
sentmg Technology Partners in Chicago and the other. representmg -
International Technology Resources, Inc. in. New York. Most inven-
tors and startups rely on their personal savings, family, friends or
local wealthy investors to finance prototype development. Venture
capital firms generally invest 25-30 percent of their capital in
startups; but shy away from preprototype funding because it is so
risky. This seed cap1ta1 is nonetheless- important and . relatively
New. -

~As an 1nnovat1ve approach to these hearmgs on mnovatmn, we
have invited a distinguished panel of inventors and chief executive
officers of high technology firms who are literally on the firing line
to interact with each panel at the conclusion of his oral statement.
It should result in a most-informative interchange.

It is my hope that this hearing will form only the overture of a
continuing effort by this committee to-spotlight. and focus upon
problems and opportunities which surround the returning the
United States to its place among the great innovative nations of
the world: The Jeffersons and the Edisons are no doubt still among
us. We have only to reach out and rescue them from the regulatory
‘underbrush and the frantic rush of modern society. _

Wéll\;vould like ‘to call upon our rankmg minority member Mr.
: er

‘g0 along with the statement that you have just made. I ‘think it
represents the kind of thrust that we want these hearings to take. I
‘have no further statement. I look forwaid to the hearing..

Mr. Gogre. Qur first panel is Dr. Edwin ‘Mansfield, with the
University of Pennsylvania; Dr. Aaron Gellman, presudent of Gell-

“Mr, WaLgeg. Thank you Mr Chairman Iw()uld certamly liketo. . ..
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