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THE TECHNOLOGY UTILIZATION PROCESS: AN OVERVIEW* 

James N. Holtz 

B i l l i o n s  of d o l l a r s  have been expended s ince  World War I1 by the 

Department of Defense (DOD), the  Nat ional  Aeronautics and Space Admin- 

i s t r a t i o n  (NASA), and the Atomic Energy Commission (AEC) on research 

(both bas i c  and appl ied)  and development i n  a v a r i e t y  of s c i e n t i f i c  areas. 

The primary mission of these expendi tures  is t o  c r e a t e  and maintain a 

comprehensive base of technology t o  generate  and support  advanced oper- 

a t i o n a l  m i l i t a r y  and space systems. The s u b s t a n t i a l  l e v e l  of e f f o r t  

devoted t o  t h i s  mission has  unquestionably been successfu l .  

It soon became apparent  t h a t  t h i s  v a s t  pool of technology, c rea ted  

by the expenditure of publ ic  funds,  could a l s o  provide a resource base 

f o r  the generat ion of numerous commercial app l i ca t ions ,  o r  uses. A t  

f i r s t ,  t h i s  commercial adapta t ion  was considered t o  be a by-product of 

the m i l i t a r y  and space e f f o r t s .  Some sporadic  a t tempts  were then made 

t o  search f o r  by-products, o r  technological  spin-off .  The p o t e n t i a l  

f o r  these e f f o r t s  appeared t o  be unlimited and some proponents of sp in-  

off  hypothesized t h a t  the spin-offs  could eventual ly  r e s u l t  i n  g r e a t e r  

value t o  the economy than was obtained by the accomplishment of the 

o r ig ina l  mission. Thus began the search f o r  a systematic  process to  

" t r ans fe r  technology" from the publ ic  s e c t o r  t o  the commercial s e c t o r  

of the economy. 

It is very sens ib l e  t o  explore  the poss ib le  uses  of an innovation. 

Through t h i s  u t i l i z a t i o n  the na t ion  can reap the g r e a t e s t  r e tu rns  on 

* 
This paper i s  t o  be presented a t  a conference e n t i t l e d  "Financing 

Technological Innovations," t o  be held a t  UCLA on December 15 and 16. 
The conference is sponsored by the  S t a t e  Technical Services  A c t  and is  
under the  d i r e c t i o n  of t h e  author .  Any comments o r  criticisms on the  
top ic  w i l l  be g r e a t l y  appreciated.  
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i t s  o r i g i n a l  investment. This search f o r  a p p l i c a t i o n s  mus t ,  however, 

be cons t ra ined  by the c o s t s  of the search  and t r a n s f e r  process. These 

gene ra l i za t ions  apply t o  a l l  innovations. There i s  nothing unique i n  

t h i s  respect about a t r a n s f e r  from the publ ic  (o r  m i l i t a r y )  t o  the com- 

mercial  s e c t o r  as d i s t i n c t  from an i n t r a s e c t o r a l  t r a n s f e r ,  o r  one from 

the commercial t o  the publ ic  s e c t o r  as f a r  as the n a t i o n  as a whole is 

concerned. Consequently, i t  is  appropr ia te  t o  analyze the u t i l i z a t i o n  

of technology i r r e s p e c t i v e  of the s e c t o r  of o r ig in .  

During t h i s  per iod ,  l a r g e  aerospace firms wi th  commercial product 

d i v i s i o n s  began an in t ens ive  e f f o r t  t o  i d e n t i f y  r e l evan t  technologies 

and t o  e x p l o i t  them commercially. These p a r t i c u l a r  f irms a r e  a l o g i c a l  

veh ic l e  f o r  technology u t i l i z a t i o n  (TU) f o r  s eve ra l  reasons. These l a r g e  

firms have access t o  s u b s t a n t i a l  amounts of c a p i t a l  which enable them 

t o  adapt and t o  f u r t h e r  develop a s p e c i f i c  technological innovation and 

t o  e x p l o i t  the market. In  add i t ion ,  they a l ready  possess the technolog- 

i c a l  know-how which produced the innovation and they have the p o t e n t i a l  

marketing s t a f f s  t o  merchandise the r e s u l t i n g  adapta t ion .  

In  s p i t e  of these advantages, the l a rge  aerospace f i rms  have n o t  

been successfu l  i n  genera t ing  a widespread u t i l i z a t i o n  of technology. 

Several f a c t o r s  are held respons ib le  f o r  t h i s  unfavorable experience. 

Frequently, the r e s u l t i n g  adapta t ions  are n o t  wi th in  the a r e a  of i n t e r -  

e s t  t o  the corpora t ion  i n  view of i t s  long-range market and product 

s t r a t egy .  

too l imi t ed  t o  occupy the t a l e n t s ,  and m e r i t  the investment, of the 

l a rge  firm. Occasionally,  too much r i s k  is  a t tached  i n  the technica l  

development of the product,  o r  i n  the poss ib l e  e x p l o i t a t i o n  of the 

market. A t  t i m e s ,  the payoff on the investment is too uncer ta in ,  o r  

I n  add i t ion ,  the r e s u l t i n g  market may be perceived as being 

too d i s t a n t ,  t o  merit the r e q u i s i t e  e f f o r t .  These innovations genera l ly  

a r e  turned mer t o  the corpora t ions '  pa t en t  and l i c e n s i n g  departments 

i n  the event t h a t  they can be of some use t o  o the r  firms. 

Another veh ic l e  f o r  TU i s  t h e  small  f i rm which genera l ly  t h r i v e s  

on exp lo i t i ng  one or  two innovations. Small f i rms,  however, f a c e  

s e v e r a l  formidable obs t ac l e s  i n  t h i s  regard. F i r s t ,  a s e r ious  prob- 

l e m  e x i s t s  i n  searching f o r  and iden t i fy ing  t h e  innovations t h a t  a r e  

being generated i n  the  publ ic  s ec to r .  Once t h e  innovation i s  
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i d e n t i f i e d  , some l i c e n s i n g  arrangement has t o  be made with the f i rm t h a t  

developed the innovation. Frequently the p a t e n t s  and p ropr i e t a ry  r i g h t s  

a spec t s  a r e  clouded due t o  the j o i n t  f inancing between the firm and the 

government. This f a c t o r  could delay and discourage commercial exp lo i t a -  

t i o n  of the innovation. 

Furthermore, the innovation i t s e l f  poss ib ly  r equ i r e s  s u b s t a n t i a l  

add i t iona l  development before it is commercially marketable. In  addi- 

t i o n ,  the market f o r  the innovation may be unce r t a in ,  or may r equ i r e  

expanded marketing e f f o r t  on the p a r t  of the firm. These e f f o r t s  r e -  

qu i r e  financing and the s m a l l  f i rm does not  have access  t o  financing on 

the terms, o r  the s c a l e ,  a v a i l a b l e  t o  l a r g e  firms. F i n a l l y ,  the payoff 

from the process may be too d i s t a n t ,  o r  too unce r t a in ,  o r  both t o  r i s k  

the l i f e  of the e n t e r p r i s e  on t h a t  s i n g l e  undertaking. These b a r r i e r s  

encountered by the s m a l l  e n t e r p r i s e  do no t  permit technological u t i l i z a -  

t i o n  -to be widespread. 

The ind iv idua l  entrepreneur faces  a l l  of the obs tac les  encountered 

by the small f i rm only magnified f o r  the simple reason t h a t  h i s  re- 

source base is  more l imi t ed  than t h a t  of small firms. The ind iv idua l  

entrepreneur could a t  minimum only play the r o l e  of a middle man f e r r e t -  

ing out  s ec t ions  of the t r a n s f e r  process and s e l l i n g  these p ieces  t o  

i n t e r e s t e d  p a r t i e s ;  o r  a t  b e s t  a c t  as a promoter of a p a r t i c u l a r  innova- 

t i o n  and i t s  e x p l o i t a t i o n  by a newly c rea t ed  firm. In  b r i e f ,  none of 

the e x i s t i n g  mechanisms f o r  TU w a s  e n t i r e l y  s a t i s f a c t o r y .  

This s i t u a t i o n ,  i n  turn,  l ed  t o  var ious  government agencies taking 

a more a c t i v e  i n t e r e s t  i n  s t imula t ing  the t r a n s f e r  process.  Advice w a s  

sought on ways t o  f a c i l i t a t e  TU, and numerous conferences were he ld  on 

the top ic  of overcoming the va r ious  obs t ac l e s  t o  the t r a n s f e r  of tech- 

nology. It became evident  t h a t  a l l  technologies are not  equal ly  t rans-  

f e rab le .  

an a i r p l a n e ,  an improved p a i n t ,  etc.). Other innovations might c o n s i s t  

of a new process (i.e.3 microminiatur izat ion of c i r c u i t s ) ;  new techniques 

(i.e. welding) ; new managerial systems (i.e., PERT, systems ana lys i s ) .  

It a l s o  became evident  t h a t  t he  market may e x h i b i t  varying degrees of 

readiness  f o r  d i f f e r e n t  innovations. The s i t u a t i o n  l eads  m e  t o  specula te  

t h a t  perhaps a d i f f e r e n t  t r a n s f e r  process is  required f o r  each type of 

innova t ion. 

The easiest t r a n s f e r  i s  where the innovation is a product (i.e.,  



The f i rs t  obs tac le  t o  be a t tacked  was the "information gap." NASA 

took the lead in  f o s t e r i n g  the systematic  t r a n s f e r  of technology. Their 

f irst  e f f o r t s  were devoted t o  the dissemination of information on nno- 

va t ions  o r ig ina t ing  on NASA con t rac t s .  This has r ecen t ly  been expanded 

t o  include DOD and the AEC. NASA a t  f i r s t  requested,  now requ i r e s ,  i t s  

con t r ac to r s  t o  document o r  d i sc lose  innovations a r i s i n g  from NASA con- 

t r a c t s .  These d i sc losu res  a r e  compiled and var ious  documents are pub- 

l i shed  and made ava i l ab le  t o  the publ ic  d e t a i l i n g  these innovations,  

A l i s t  of these documents would include S c i e n t i f i c  and Technical Aero- 

space Reports (STAR) and C-STAR f o r  c l a s s i f i e d  d i sc losu res  ; and In te rna-  

t i o n a l  Aerospace Abstracts  (IAA). STAR i s  mainly unpublished d i sc losu res  

a r i s i n g  from in-house a c t i v i t y ,  whereas IAA is in t e rna t iona l ly  published 

d isc losures .  

In  add i t ion ,  NASA publ ishes  Technical Reports (TR) which are broad 

i n  scope covering a p a r t i c u l a r  technology, Technical Notes (TN) which 

are more narrow, and Technical Memorandum (TM) which a r e  published as 

soon as a worthwhile innovation appears.  Other documents include Tech- 

n i c a l  Transfer Reports, Special  Reports, and Contractor Reports. A l l  

of these documents a r e  r ead i ly  ava i l ab le  t o  the publ ic  (some l imi t a t ions  

on C-STAR). 

Experience soon indica ted  t h a t  it is no t  s u f f i c i e n t  t o  use the 

shotgun approach t o  the dissemination of knowledge, and NASA inaugurated 

the concept of the Regional Dissemination Centers (RDC).  The funct ion 

of the RI>C is t o  contac t  individual  f irms i n  t h e i r  region,  t o  iden t i fy  

the i n t e r e s t s  of these f i rms ,  t o  search the da t a  bank on innovations,  

and t o  match as c lose ly  as poss ib le  the innovations with the i n t e r e s t s  

of the individual  f irms. The RDC conducts r e t rospec t ive  searches of 

the da t a  bank f o r  the f i rms upon reques t ,  and a s t a f f  of univers i ty-  

a f f i l i a t e d  s c i e n t i f i c  and technica l  personnel is ava i l ab le  as consul t -  

a n t s  t o  eva lua te  the material on innovations and the s p e c i f i c  i n t e r e s t s  

of the ind iv  idua l  f i rms . 
The value of t h i s  approach t o  the t r a n s f e r  of technology is a- 

c e r t a i n  a t  present .  NASA has been subsidizing the RDCs s ince  t h e i r  

incept ion ,  bu t  has e s t ab l i shed  a requirement t h a t  they become s e l f -  

s u f f i c i e n t  i n  the next  few years .  Some of the RDCs a r e  making progress  
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i n  t h i s  d i r e c t i o n ,  bu t  i t  is  no t  c e r t a i n  t h a t  they w i l l  succeed. 

p r i n c i p l e ,  i t  i s  good t h a t  they must meet the t e s t  of the market place, 

b u t  quest ions of appropr ia te  f ee  s t r u c t u r e s  t o  be charged member firms 

must be resolved. 

meri t  f o r  n o t  a l l  of the b e n e f i t s  of a new innovation can be captured 

I n  

In add i t ion ,  some subsidy by government may be of 

by a p r i v a t e  firm. 

ca t ion  of an a r e a ,  e t c . ,  a r e  s o c i a l  b e n e f i t s ,  bu t  n o t  ava i l ab le  as 

p r o f i t  f o r  the innovative f i rm,  

For example, a reduction i n  unemployment, b e a u t i f i -  

The la tes t  approach t o  be employed by NASA involves the explo i ta -  

t i on  of technology concerned wi th  a s p e c i f i c  commercial appl icat ion--  

the f i e l d  of medicine. Several  Biomedical Applications Teams (BAT) have 

been formed t o  apply technology t o  the f i e l d  of medicine. This se lec-  

t i v e  approach appears promising due t o  the l a rge  market p o t e n t i a l  f o r  

the re levant  app l i ca t ions  as well  as the p o t e n t i a l  f o r  technology t o  

improve upon and augment the present  techniques. 

Other endeavors cu r ren t ly  a r e  being made t o  u t i l i z e  technology; 

f o r  example, the Small Business Administration (SBA) i s  working with 

small business concerning innovations a t  t h e i r  Argonne Laborator ies  near  

Chicago. Various u n i v e r s i t i e s  are studying aspec ts  of the t r a n s f e r  

process. Entrepreneurs a r e  attempting t o  combine technica l ,  economic 

and f inanc ia l  c a p a b i l i t i e s  i n t o  a system which l i censes  and exp lo i t s  

technology. Various w r i t e r s  have s t r e s sed  the importance of components 

of the process ( i .e . ,  the l i n k  between s c i e n t i s t  and engineer ,  facu l ty  

members serving as  consul tan ts  t o  s m a l l  f i rms,  e t c . ) .  Progress i s  being 

made on severa l  f r o n t s .  

The above d iscuss ion  is  intended t o  be a b r i e f  desc r ip t ion  and sum- 

mary of the state of the arts i n  technology u t i l i z a t i o n .  Numerous d i -  

verse  approaches wi th  uneven t h r u s t s  are occurring i n  a smorgasbord 

fashion. The remainder of t h i s  paper  w i l l  focus on the theo re t i ca l  foun- 

da t ion  of the TU process.  The cu r ren t  e f f o r t s  w i l l  be placed in  perspec- 

t i v e ,  and areas f o r  f u r t h e r  a c t i v i t y  w i l l  be emphasized. 



-6 - 
THE TRANSFER PROCESS 

I f  a p r i v a t e  e n t e r p r i s e  eoonomy is t o  p a r t i c i p a t e  i n  the t r a n s f e r  

process ,  the innovations w i l l  be u t i l i z e d  only i f  the  prospect ive re- 

turns  are perceived t o  exceed the prospect ive cos ts. Consequently , the 

b a s i c  t h e o r e t i c a l  s t r u c t u r e  i s  pr imar i ly  economic, although i t  can be 

extended by p o l i t i c a l ,  o r  even psychological ,  cons idera t ions .  The ap- 

proach t h a t  i s  presented here  w i l l  r e l y  pr imar i ly  on economic ana lys i s .  

A conceptual framework f o r  TU could be descr ibed as follows: 

(1) The s c i e n t i f i c  community engages i n  va r ious  open-ended bas i c  

and appl ied  research t h a t  is unbounded concerning the poten- 

t i a l  innovations t h a t  can be forthcoming. 

(2)  Their  research  e f f o r t s  culminates i n  an e x i s t i n g  set of new 

technological  innovations a t  any given po in t  i n  t i m e .  

(3) A subset  of these new innovations are eventual ly  i d e n t i f i e d ,  

d i sc losed ,  and made ava i l ab le  t o  the publ ic  i n  one f i rm o r  

another .  

(4) A t  the  o the r  extreme, an unbounded set  of p o t e n t i a l  uses  of 

technology exists.  

(5) A subse t  of these  uses  r e s u l t s  i n  perceived demands. 

(6) A subse t  of the s e t  of perceived demands r e s u l t s  i n  an e f f ec -  

t i v e  demand f o r  a commercial app l i ca t ion  of an innovation. 

(7) F i n a l l y ,  a systematic  l i n k  between the d i sc losu res  and e f f ec -  

t i v e  demand remains t o  be e s t ab l i shed .  

This process can be depicted as  shown i n  Fig. 1 
It is  usefu l  t o  conceive of the events  t o  the l e f t  of the systematic  

l i n k  as c o n s t i t u t i n g  the supply of technology, and those events  on the 

r i g h t  s i d e  as c o n s t i t u t i n g  the demand f o r  technology. 

the impetus f o r  t r a n s f e r  can be e f f ec t ed  by e i t h e r  "pushing" the supply 

of new technologies i n t o  poss ib le  markets o r  by "pullingtv the r e l evan t  

technologies out  of the supply by a clear, s t rong  demand f o r  a product. 

It is obvious t h a t  
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Fig.  I - The Transfer  Process 

Another view of the t r a n s f e r  process is depicted i n  Fig.  2. I n  

b r i e f ,  two cycles  exis t :  (1) the development of technologies f o r  weapon 

and space systems and (2) the  development of commercial products.  These 

cycles  have a common union a t  the technology base. 

Figure 2 i s  more i n s t r u c t i v e  than Fig. 1, as i t  i n d i c a t e s  t h a t  

considerably more e f f o r t  i s  required t o  e f f e c t  a successful  t r a n s f e r  

than i s  r ead i ly  apparent i n  Fig. 1. 

A t h i r d ,  and more elemental ,  view of the t r a n s f e r  process is simply 

t h a t  of a mechanism t h a t  transforms inputs  i n t o  outputs ,  inputs  being 

new technology and outputs  being new products (see Fig.  3).  

The regional  dissemination cen te r s  and the Biomedical Applications 

Teams are two mechanisms f o r  providing t h i s  se rv ice .  It i s  a gross  over- 

s impl i f i ca t ion  t o  present  only the one input /output  funct ion,  f o r  there  

are many i n  such a complex process. One clear 1/0 funct ion is  performed 

by the S c i e n t i f i c  and Technical Information Division (STID) i n  the Of- 

f i c e  of Technology U t i l i z a t i o n  of NASA. 

the d isc losures  generated by cont rac tors  ( inputs )  i n t o  the var ious  tech- 

n i c a l  documents (output) described previously.  Other po in t s  i n  the 

process can r ead i ly  be i d e n t i f i e d .  

Their funct ion is  t o  combine 
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Fig.  2 - Stages of Product Development i n  Technology U t i l i z a t i o n  
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PUBLIC 
SECTOR 

r 
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BAT 

Fig.  3 - Input /OutputAspects  of TU Process 

What, then, can be sa id  concerning cur ren t  e f f o r t s  i n  view of the 

t h e o r e t i c a l  schematic presented i n  t h i s  sec t ion?  It appears t h a t  t o  

da t e  a c t i v i t y  has centered pr imari ly  around the supply of technology. 

The considerable l e v e l  of e f f o r t  devoted t o  the t r a n s f e r  task  has been 

expended t o  iden t i fy  and document the d i sc losu res ,  t o  publ ish the re -  

s u l t s ,  and t o  disseminate the information i n  numerous ways and d i r ec t ions .  

This e f f o r t  has r e su l t ed  in  a s u b s t a n t i a l  and growing da ta  bank of in-  

novations,  Follow-on e f f o r t s  t o  u t i l i z e  t h i s  da t a  have r e su l t ed  i n  "push- 

ing" the  information in tens ive ly  on a broad sca l e  i n  a n t i c i p a t i o n  t h a t  

ou t  of t h i s  wealth of d i sc losu res  numerous f i rms would withdraw r e l e -  

van t  information t h a t  would lead t o  TU. 

These e f f o r t s  are proving i n s u f f i c i e n t  f o r  severa l  reasons.  One 

reason being t h a t  most f irms were no t  aware o f ,  nor f ami l i a r  wi th ,  t h i s  

va luable  resource.  Consequently, the dissemination of publ ica t ions  a t -  

tempted t o  br ing  the a t t e n t i o n  of firms i n  general  t o  the exis tence of 

t h i s  e f f o r t .  Then, the RDC concept was es tab l i shed  t o  concentrate  se lec-  

t i v e l y  on s p e c i f i c  f i rms i n  a region and make them aware of t h i s  data.  

Out of these dissemination e f f o r t s ,  the importance of def ining the 

user  f i rm ' s  i n t e r e s t s  became obvious. Recent e f f o r t s  a t  def in ing  these 
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i n t e r e s t s  i n  terms of c r e a t i n g  i n t e r e s t  p r o f i l e s  f o r  each s p e c i f i c  f i rm 

are d i r ec t ed  toward determining i n  a sense each i so l a t ed  market f o r  the 

innovations.  To the e x t e n t  these e f f o r t s  are successfu l  a more appropri-  

a te  matching of innovations with user  i n t e r e s t s  w i l l  be r ea l i zed  and 

more t r a n s f e r s  should occur. 

It must be emphasized t h a t  each s t e p  taken t o  da t e  r equ i r e s  con- 

For ex- s ide rab le  e f f o r t  and some d i f f i c u l t  problems must be solved. 

ample, the following problems are encountered: What c o n s t i t u t e s  an 

innovation? How can t h i s  innovation be d isc losed  t o  maximum advantage 

( i . e . ,  by market p o t e n t i a l ,  by func t iona l  area, by indus t ry ,  e tc . )?  

What innovations should be included or  l e f t  ou t  of such publ ica t ions  

as technology b r i e f s ,  no te s ,  r e p o r t s ,  surveys,  e tc?  What are the f i rm's  

r e a l  i n t e r e s t s  categorized by product l i n e s ,  by technologies? How 

should innovations i n  the information bank be coded? How should searches 

be coded? What i s  excluded? How much i r r e l e v a n t  mater ia l  i s  included? 

What, i n  f a c t ,  i s  re levant?  These are a l l  s e r ious  and d i f f i c u l t  ques- 

t i ons  t h a t  must be decided. 

'fn s p i t e  of these va luable  and extensive e f f o r t s  t o  t r a n s f e r  tech- 

nology the response has been somewhat dishear tening.  Numerous obsta- 

c l e s  remain. The multipronged e f f o r t s  and the wi l l ingness  t o  t ry  new 

approaches t o  TU must be applauded and encouraged. It requi res  consid- 

e rab le  time t o  e s t a b l i s h  a system t h a t  r e s u l t s  i n  wide-scale and sys- 

tematic t r a n s f e r s  and s t i l l  more t i m e  i s  required t o  realize numerous 

t r ans fe r s .  

L e t  us examine some f u r t h e r  reasons f o r  i nh ib i t i on  of the t r ans -  

f e r  process .  One major reason t h a t  the systems t o  t r a n s f e r  technology 

i n s t a l l e d  t o  da t e  have n o t  r e su l t ed  i n  g r e a t e r  t ransference  undoubtedly 

cen te r s  around the f a c t  t h a t  the exchange, o r  l inkage , t h a t  occurs a t  

the RDC-Business i n t e r f a c e  involves p r inc ipa l ly  information, o r  d i s -  

c losures .  Of course ,  some technica l  and eva lua t ion  advice is  a l s o  given. 

It is s t i l l  a long journey f o r  a f i rm from the t i m e  they are cognizant 

of a p o t e n t i a l  innovation t o  the eventual  market e x p l o i t a t i o n  of the 

product r e s u l t i n g  from t h a t  innovation. 
* 

* 
See Fig.  2.  
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Considerable sums of money must f requent ly  be expended t o  do fu r -  

t h e r  research and then "bend metal" t o  develop the  product t o  a s a t i s -  

f ac to ry  commercial s ta te .  Addit ional  sums must be expended t o  develop 

production f a c i l i t i e s ,  and t o  e s t a b l i s h  a new, o r  a n  incremental ,  mar- 

ke t ing  organizat ion.  F i n a l l y ,  these  expenditures must be made i n  an  

environment of considerable  economic a s  w e l l  a s  technica l  uncer ta in ty  

before  the  p r o j e c t  becomes p r o f i t a b l e .  

The en t repreneur ,  and the small business  f i rm,  i n  most cases simply 

do no t  have access t o  adequate c a p i t a l  t o  undertake t h i s  process.  Fur- 

thermore , even i f  a v a i l a b l e ,  the c o s t  would be q u i t e  high (perhaps in-  

volving loss of cont ro l  of the bus iness ) ,  and/or the r i s k s  g r e a t  enough 

t o  endanger su rv iva l  of the f i rm i f  an adverse s ta te  of na ture  should 

be encountered. 

I f  a t r u l y  systematic  t r a n s f e r  process i s  t o  be e s t ab l i shed ,  a 

process f o r  providing venture  c a p i t a l  on r e l a t i v e l y  favorable  terms t o  

the small businessman must be es tab l i shed .  This f i n a n c i a l  process  

could possibly involve a combination of publ ic  and p r i v a t e  c a p i t a l .  

Numerous government agencies are already e s t ab l i shed  t h a t  can, and do, 

provide funds t o  business  f o r  va r ious  s o c i a l l y  worthwhile purposes. For 

example , the  Economic Development Administration can inves t  long-term 

funds f o r  p l a n t  and equipment, r e t r a i n i n g  of labor  fo rce ,  and make some 

guarant ies  of working c a p i t a l  f o r  p l a n t s  t h a t  loca ted  i n  designated 

areas; SBICs can provide equi ty  c a p i t a l ;  the  SBA can lend money; munic- 

i p a l i t i e s  can s e l l  tax  exempt municipal bonds t o  f inance p l a n t  and land,  e tc .  

It is  poss ib l e  t h a t  a worthwhile innovation could receive f inancing 

from a l l ,  o r  a combination, of these sources i f  the innovation con- 

formed t o  the primary missions of these agencies.  Perhaps, p r iva t e  ven- 

t u r e  c a p i t a l  groups could be induced t o  inves t  on more favorable terms 

wi th  the leverage provided by government funds. A t  least ,  some e f f o r t s  

could be expended along these l i n e s .  Conceivably, i f  such a f inanc ia l  

process were e s t ab l i shed  and publ ic ized  , numerous innovations could be 

l'coaxed out" of the  a t t i c s ,  as w e l l  as provide p o t e n t i a l  f inancing f o r  

a l a r g e r  number of t r a n s f e r s  a r i s i n g  out  of d i sc losures .  
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A se r ious  quest ion t h a t  would be encountered is the determination 

of what p r o j e c t s  a r e  p o t e n t i a l l y  worthwhile. Undoubtedly, most of the 

innovations "coaxed out  of the a t t i c "  would have l i t t l e ,  i f  any, com- 

mercial  m e r i t .  Some screening device would be advisable ;  otherwise,  

the eva lua t ions  would be rap id ly  enmeshed i n  d ishear ten ing  work. A s  

i t  is  now, only 1 out  of 100 investment proposals received a r e  eventu- 

a l l y  backed by p r i v a t e  venture  c a p i t a l  groups. 

This a rea  of p r o j e c t  a n a l y s i s ,  o r  value a n a l y s i s ,  i s  d i f f i c u l t  t o  

analyze except i n  the most general  terms, as each innovation general ly  

has unique c h a r a c t e r i s t i c s .  

sumer- o r  i ndus t r i a l ly -o r i en ted ,  e t c .  The p r o j e c t  may e x h i b i t  varying 

degrees of technica l  complexity, soph i s t i ca t ion  and r e l i a b i l i t y .  Other 

f a c t o r s  may a r i s e  t o  cloud the determination of commercial meri t .  

The market may be broad o r  narrow, con- 

However , these analyses  are cu r ren t ly  being made by var ious  groups, and 

the c r i t e r i a  they e s t a b l i s h  f o r  acceptance o r  r e j e c t i o n  of a p ro jec t  

a r e  no t  e x p l i c i t .  I n  add i t ion ,  the real reasons f o r  r e j e c t i o n  of a 

proposal may not  be explained with candor t o  the  innovator.  It would be 

a t  l e a s t  u se fu l ,  i f  no t  necessary,  t o  provide a l i s t  of c r i t e r i a  used 

by each type of suppl ie r  of venture  c a p i t a l  t o  evaluate  the investment 

mer i t s  of p ro jec t s .  The c r i t e r i a  would then be made e x p l i c i t  and small 

business o r  o ther  innovators could eva lua te  t h e i r  p r o j e c t s  f o r  commer- 

c ia l  meri t  along these guidel ines .  Perhaps the i temiza t ion  of c r i t e r i a  

used by var ious  inves tor  groups when compared t o  l l ideal l l  c r i t e r i a  f o r  

a na t iona l  investment pol icy would d i sc lose  "gaps" i n  the e x i s t i n g  

venture  c a p i t a l  environment. These gaps could be analyzed, i n  tu rn ,  

t o  determine what new, i f  any, f i n a n c i a l  intermediar ies  should be 

created . 
In  b r i e f  , the  process of u t i l i z i n g  technology is  long, complex, 

and arduous. Considerable e f f o r t  has been, and is being,  expended 

throughout the  na t ion  t o  u t i l i z e  technology. These e f f o r t s  so f a r  have 

centered around iden t i fy ing ,  documenting and disseminating information 

on technological innovations. Recent e f f o r t s  have been made t o  iden t i fy  

the demand f o r  technological innovations.  These e f f o r t s  a r e  cos t ly  

and sub jec t  t o  r i s k .  

supply of technological information wi th  the demand f o r  such information. 

A t t e m p t s  are cur ren t ly  being made t o  match the 
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However, t h i s  t r a n s f e r  of information is only a f i rs t  s t e p  i n  the 

process.  Information has  t o  be evaluated , products developed, markets 

explored,  expanded f a c i l i t i e s  b u i l t ,  e tc . ,  before  a technology is  u t i l -  

ized. These s u b s t a n t i a l  e f f o r t s  must be financed, and the payoff may 

s t i l l  be r e l a t i v e l y  d i s t a n t  and uncertain.  If a systematic  t r a n s f e r  

process  i s  t o  be e s t ab l i shed ,  sources of f inancing adequate f o r  t h i s  

task  must be i d e n t i f i e d  and a v a i l a b l e  t o  the innovators.  Concepts of 

p r o j e c t  a n a l y s i s  must be ascer ta ined  before  gaps i n  e x i s t i n g  venture  

c a p i t a l  sources  can be i d e n t i f i e d  and new, o r  expanded, venture  c a p i t a l  

i n s t i t u t i o n s  es tab l i shed .  

The recommendations f o r  more extensive and l i b e r a l  f i n a n c i a l  mech- 

anisms t o  f inance and eva lua te  innovations presented here  are no t  a 

panacea f o r  all the  problems inherent  i n  the u t i l i z a t i o n  of technology. 

However, such mechanisms would overcome perhaps the most important ob- 

stacle t o  systematic  t r a n s f e r .  Considerably more work must be done t o  

e s t a b l i s h  the f i n a n c i a l  p rocess ,  and i t  should be e s t ab l i shed  only i f  

the t o t a l  b e n e f i t s  promise t o  exceed the t o t a l  cos t s .  Providing ade- 

quate f i n a n c i a l  mechanisms appears t o  be an e s s e n t i a l  movement i n  the 

r i g h t  d i r ec t ion .  

The a v a i l a b i l i t y  of abundant f inancing would a t  l e a s t  r e l ax  a s i g -  

n i f i c a n t  c o n s t r a i n t  upon the u t i l i z a t i o n  of technology. Numerous o ther  

problems would remain t o  be solved. Obviously, engineers ,  s c i e n t i s t s  , 
economists, and market a n a l y s t s  must be employed and i n t e r a c t  a t  v a r i -  

ous s tages  of the development cycle .  No simple formula or  procedure 

e x i s t s ,  o r  a t  least has  been made publ ic ,  concerning the successful  

management of these in t e rac t ions .  Undoubtedly, each f i r m  and each pro j -  

ec t  must be somewhat unique due t o  the p e r s o n a l i t i e s  and c a p a b i l i t i e s  

of the va r ious  personnel involved, as w e l l  as the vary ing  physical  char- 

ac te r i s t ics  of the innovations.  

In b r i e f ,  the establ ishment  of a systematic  process  f o r  the t rans-  

f e r  or  u t i l i z a t i o n  of technology i s  a lengthy,  complex process.  The 

a t tempts  evidenced t o  d a t e ,  a1 though s u b s t a n t i a l ,  are only a beginning 

i n  the v i t a l  process.  These e f f o r t s  are l a rge ly  centered upon the d i s -  

semination of information on innovat ions,  wi th  some l imi t ed  at tempts  

a t  def in ing  the demand f o r  information o r  innovations.  
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It i s  the  contention of t h i s  paper t h a t  (1) t h e  t r a n s f e r  of in -  

formation, o r  knowledge, on s p e c i f i c  innovations i s  only a f i r s t  s t e p ,  

and (2) t h e  small  e n t e r p r i s e  is  gene ra l ly  no t  endowed with,nor  has ac- 

cess t o ,  adequate financing on reasonable terms which would enable i t  

t o  advance the innovation t o  a s t a g e  where it can be commercially ex- 

p lo i t ed .  The f i n a n c i a l  mechanisms t h a t  e x i s t  a r e  i n s u f f i c i e n t  f o r  t h i s  

t a sk .  

t i v e  and of i n s u f f i c i e n t  s i z e  t o  i n v e s t  i n  a s u b s t a n t i a l  number of 

r i s k y  innovations.  The SBICs have tended t o  reques t  too large a s t ake  

i n  t h e i r  ventures,  which i n  many cases discouraged innovations. 

Most of t he  p r i v a t e  venture c a p i t a l  groups a r e  q u i t e  conserva- 

Perhaps a system employing a combination of government funds and 

p r iva t e  financing could be t e s t e d  on a p i l o t  e f f o r t .  The government 

funds would be provided on t h e  bas i s  of the e x t e r n a l i t i e s  o r  "public" 

goods aspec ts  of t he  innovation, then the p r i v a t e  financing could be 

forthcoming based on e x i s t i n g  investment p r i n c i p l e s  t o  capture  the  

"private" goods aspec ts  of t h e  innovation. This f i n a n c i a l  innovation 

combined with o the r  s t u d i e s  on the  t r a n s f e r  process should lead t o  a 

more successfu l  u t i l i z a t i o n  of our abundant technology base. 


