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• . . [Wle must test the hypotheses that link economic and societal benefits directly to advances in re- 
search. All research is not the same. What kinds of  research offer the greatest probability o f  improving 
the quali~, of  life o f  humankind throughout the world? Should not applied research, and policy research, 
be recogni=ed as essential elements o f  the fabric of  research? If scientists are not willing to rigorously 
and fearlessly confront--and answer--these o'pes o f  questions, then they cannot claim, and surely will 
not achieve, a stronger grip on federal purse strings than other special interest groups. 

Hon. Geor, ge Brown (1992) 

• . . technology 

transfer refers to 

the dissemination 

of new knowledge 

from a source . . . to 

r e c i p i e n t s . . ,  who 

benefit in some 

way from the 

knowledge. 

GOVERMENT has become preoccupied with the 
" re levance"  of  science.  Congressman  George  
Brown, Chairman of the U.S. House Commit tee  
on Science, Space, and Technology, now leads the 
fight in the United States to "'rethink" science pol- 
icy to ensure that scientific research is linked more 
directly to national goals such as economic com- 
petitiveness, public health, national security, and 
env i ronmenta l  protect ion,  among others (Task 
Force on the Health of Research 19921. 

Two impor tant  cons idera t ions  should be ad- 
dressed  in the emerg ing  debate .  Congressman  
Brown has focused mainly on the first: given lim- 
ited budgetary resources and prespecified (albeit 
somewhat  general and therefore vague) national 
goals, how can we, as a society, best establish sci- 
entific and technological research priorities.'? 

The second consideration is related to the first. 
How can scientif ic research results  be d issemi-  
nated and applied in a way that fosters the achiev- 
ing of national goals? This consideration is some- 
times referred to broadly as "'technology transfer." 

Just  what is t echnology  transfer'? Everyone  
from science administrators to policy analysts em- 
ploys the term loosely,  as if they understand ex- 
actly what it means. President Clinton wants to in- 
ten,~ify it (Chapman, 1992). The U,S. Council on 
Competi t iveness (COC, 1992) wants to repriori-  
tize existing funds for it, but U.S. federal laws that 
govern and encourage technology transfer do not 
bother to define it. 

P. Hoagland and H. Kite-Powell, Marine Policy Center, 
Woods Hole Oceanographic Institution, Woods Hole, Massa- 
chusetts 02543, USA. 

Within the last decade,  much discuss ion has 
been generated about the concept, yet it is remark- 
able that few have attempted to think carefully and 
clearly about the meaning of the term. In this arti- 
cle, we begin to probe the meaning of "technology 
transfer" and, in the process,  we identify issues 
worthy of serious consideration by institutions and 
scientists engaged in technology transfer. 

The oceanography community comprises a di- 
versity of institutions including federal laborato- 
ries, universities, private nonprofit research institu- 
t ions,  and commerc ia l  firms. Al l  of  these 
institutions engage in technology transfer. Recent 
federal policies have focused mainly on technol- 
ogy transfer from federal laborator ies  (Table 1, 
Fig. 1). in this article, we examine the technology 
transfer issue primarily as it relates to universities 
and private nonprofit research institutions, which, 
other than commercial firms, are the most numer- 
ous in oceanography (see Fig. 2). By far the most 
important  federal pol icy for these insti tutions is 
the Bayh-Dole Act of 1980, which allows institu- 
tions conduct ing research under federal govern- 
ment  sponsorsh ip  to c la im ti t le to in te l lec tua l  
properties (patents) arising from their research el l  
forts (see Table 2). 

In general terms, technology transfer refers to 
the d i s semina t ion  of  new knowledge  from a 
source, such as a research laboratory,  to recipi-  
ents, such as commercial firms, other researchers, 
or the public, who benefit in some way from the 
knowledge• Technology transfer is l inked to the 
process  of  new knowledge  crea t ion ,  and it in- 
volves many issues that are fundamental ly  eco-  
nomic. We therefore adopt an economic approach 
to understanding it. 

68 OCEANOGRAPHY'VoI. 6, No. 3"1993 



0.8 

0.6 

0.4 

0.2 

0 
80 

ncome 

i , , i I i i ~ i I 

85 90 
Year 

Fig. 1: Cumulative number of  federal patents li- 
censed and license income in current dollars dur- 
ing the period 1981-1990 (qfter GAO, 1991). 
During this period several federal laws were en- 
acted and presidential executive orders were is- 
sued pertaining to technology transJer (Table 1). 
Policies are found in the U.S. Code listing as 15 
USC §3701 et seq. See also Gaffney (1992)for a 
summa O' of provisions of these policies relevant 
to technology transfer f?om federal laboratories. 

Technology as New Knowledge 
Laymen often conceptual ize technology as 

hardware (ROVs, XBTs, CTDs, ECDIS, sonar, 
etc.). This conceptualization is too narrow, espe- 
cially when consider ing technology transfer in 
oceanography, a field in which scientists engage in 
research that results in ideas, theories, and other 
valuable information as well as hardware (see Mc- 
Tague, 1988). We suggest the more general view 
that technology is essentially information about 
how to do things. We are concerned primari ly 
with the creation and dissemination of a special 
kind of such technological  information:  new 
knowledge. 

New knowledge can be characterized by its 
utility in consumption (usefullness to individuals 
as a consumption good) or its productivity as cap- 
ital (contribution to a production process). One ex- 
ample of knowledge creation as an individual con- 
sumption good is the existence of associates 

Table l 
Federal technology transfer policies. 

Year Title of Act or Executive Order 

1980 Stevenson-Wydler Technology Innovation Act 
(P.L. 96-480) 

Bayh-Dole Patents and Trademarks Act (P.L. 96-517) 
1986 Federal Technology Transfer Act (P.L. 99-502) 
1987 Facilitating Access to Science and Technology 

(E.O. 12591) 
Uniform Treatment of Federally Funded Inventions 

(E.O. 12618) 
1988 National Technical Information Act (P.L. 100-519) 
1989 National Competitiveness Technology Transfer Act 

(P.L. 101-189) 
1990 Defense Authorization Act (P.L. 101-510) 

programs, through which individuals make direct 
contributions to others at a research laboratory. As 
a public consumption good, new knowledge re- 
sembles art. We value new knowledge for its own 
sake, and we value the fact that our collective un- 
derstanding of the natural world is being expanded 
by the efforts of researchers to generate new 
knowledge (Kaysen, 1966; Rottenberg, 1968). 

As a capital good, new knowledge  is em- 
ployed as an input  to an economic  product ion 
process. New knowledge contributes to the pro- 
duction of goods and services in much the same 
way that raw materials, machinery, and labor do. 
More specifically, new knowledge can affect the 
mix of inputs  in a way that increases  the net 
benefits that can be realized from a productive 
process. 

A related distinction exists between basic and 
applied research. According to the National Sci- 
ence Foundation (NSFI, basic research is designed 
to further "knowledge or understanding of the fun- 
damental aspects of phenomena and of observable 
facts without specific applicat ions toward 
processes or products in mind." Applied research 
is intended to help determine "'the means by which 
a recognized and specific need may be met" (NSF, 
1982). New knowledge resulting from applied re- 
search is by definition more likely to be useful as 
a capital good than knowledge produced as a re- 
sult of basic research. 

New knowledge can be created in fields of ei- 
ther science or technology. Dasgupta and David 
(1986) identified science and technology as sepa- 
rate social institutions on the basis of "attitudes" 
toward the creation of new knowledge. A social 
inst i tut ion in the sense of Dasgupta and David 
(1986) is not equivalent to an individual research 
lab or a specific group of research laboratories. It 
is quite possible for some scientists within a re- 
search laboratory to be part of the science institu- 
tion and some to be part of the technology institu- 
tion. In fact, one scientist  might split her time 
between the two. The science institution considers 
new knowledge to be useful primarily for public 
consumption (especially by other scientists). Its 
norms reflect this attitude. Free and open disclo- 
sure of new knowledge is one of the principal  
norms of science. On the other hand, the technol- 
ogy inst i tut ion considers new knowledge to be 
useful primarily as a capital good. A rule (if not a 
norm) of technology is to keep new knowledge se- 
cret, or at least away from competitors.' 

Whether or not new knowledge resembles art or 
capital, is categorized as basic or applied, or is 
called science or technology, it differs from most 
other inputs to production in one significant way: it 

' Thus the potential for conflicts of interest when a scientist 
or a research laboratory spans both science and technology. 

N e w  knowledge 

resulting from applied 

research is by 

definition more likely 

to be useful as a 

capital good than 

knowledge produced 

as a result of basic 

research. 
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Fig. 2: Number and geographic distribution of  institutions involved in oceanographic research .for re- 
gions that have more than three laboratories or institutions, or more than.five firms. The chtstering of  in- 
strumentation firms around research institutions illustrates a "spawning ground" effect that is one form 
of technology transfer (Broadus et al., 1988). 

has the nonconsumptive and nonrival attributes of a 
public good. Once new knowledge is created, it can- 
not be used up no matter how many firms or indi- 
viduals make use of it (although it can appreciate 
through use or depreciate from lack of use), Further- 
more, it is costly for the "owner" of new knowledge 
to use it without revealing at least a part of it to oth- 
ers (information "leaks out" or "spills over"), 

N e w  K n o w l e d g e  I n v e s t m e n t s  
Given the public good characteristics of new 

knowledge, anyone with an interest might benefit 
from it at relatively little cost. But creating this 
new knowledge in the first p l ace - - th rough  re- 
search, discovery, and invention-- is  costly. Under 
normal commercial circumstances we expect pri- 
vate firms or individuals to shy away from invest- 
ing in the creation of new knowledge, preferring 

~" Strictly speaking, we expect that the attractiveness of in- 
vestment in new knowledge creation relative to other kinds of 
investments is affected adversely by the public good nature of 
new knowledge. It is still likely to be the case that some new 
knowledge investments have relatively high expected payoffs 
after research costs and therefore would be undertaken anyway. 
Another factor affecting the investment in R&D is uncertainty 
associated with its outcome. See Dasgupta and Maskin (1987) 
for an analysis of issues associated with investment in R&D. 

instead to wait for others to create it. 2 Therefore, 
from the viewpoint of society and in the absence 
of government  in tervent ion or private phi lan-  
thropy, it is possible that too little effort will be 
devoted to the creation of new knowledge. This 
situation is a classic example of what economists 
call a "market failure." 

Society has developed mechanisms to correct 
this kind of market failure. Although these mecha- 
nisms are hardly precise, we suspect they are 
beneficial because they result almost certainly in 
the creation of more new knowledge than would be 
created o therwise /Two mechanisms important in 
oceanography include direct government funding of 
research and the protection of intellectual property. 

Even with government  sponsorship at a re- 
search laboratory, individual scientists might be 
reluctant to apply their best efforts in the creation 
of new knowledge for the reasons discussed 
above. But the institution of science has developed 

Two additional problems arise here. Government inter- 
vention itself is costly due to rent seeking (which may result in 
"academic pork"), excessive regulation, and administrative 
costs. Moreover, it is possible that corrective mechanisms 
overcorrect and that too much effort is devoted to the produc- 
tion of information. We address the latter issue below. 
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Table 2 
Bayh-Dole Patents and Trademarks Act of 1980: a summary of provisions 

relevant to research laboratories. 

I. Unless provided otherwise in a funding agreement, nonprofit organizations (universities, 
research laboratories) may elect to retain title to "'subject inventions." 

2. "'Subject inventions" are inventions conceived or first actually reduced to practice in the 
performance of work under any contract, grant, or cooperative agreement between a federal 
agency and a contractor for experimental, developmental, or research work funded in whole 
or in part by the federal government. 

3. The federal government receives the title to a subject invention unless within a reasonable 
time the research laboratory: 1 ) discloses the subject invention: 2) makes an election to retain 
title after disclosure; and 3) files patent applications. 

4. The federal contracting agency receives a nonexclusive, nontransferable, irrevocable, paid-up 
license to practice or have practiced for or on behalf of the United States any subject 
invention. 

5. The federal agency may require periodic (confidential) reporting oll the utilization or efforts at 
obtaining utilization of a subject invention by the research laboratory or its licensees. 

6. Assignment of patent rights by a research laboratory requires approval of the federal agency 
(unless assignment is to an "'invention management organization," which in turn must seek 
approval for patent assignments). 

7. Granting of exclusive licenses is prohibited unless granted to a small business firm: exclusive 
licenses are limited in duration (unless approval for a longer duration is granted by the federal 
agency). 

8. The research laboratory must share royalties with the inventor. 
9. After sharing royalties with the inventor and covering administrative costs, the balance of 

royalties or income must be utilized for the support of scientific research or education. 
10. The inventor can request the grant of title to the invention from the federal agency if the 

research laboratory does not elect to retain title. 
1 I. The federal agency may require research laboratories to license inventions that are not subject 

inventions if necessary to achieve the practical application of the subject invention. 
12. Under certain circumstances, the federal agency can "march-in" to require the research 

laboratory to grant a license. 
13. Licensees must agree that products embodying the subject invention or produced through the 

use of the subject invention will be manufactured substantially in the United States (possible 
waiver upon showing of reasonable but unsuccessful effort to find potential licensees that 
meet this requirement). 

an ingenious  " incen t ive  compa t ib l e "  mechan i sm:  

the e x i s t e n c e  o f  a c o n t e s t  w i th  a s ing le  w i n n e r  

he lps  to mot iva te  the effor ts  o f  individual  sc ien-  

tists (Dasgupta  and David ,  1986). In sc ience  the 

w i n n e r ' s  prize is the priori ty of  d i scovery  and its 

a t tendant  recognit ion.  Even more  remarkably,  the 

contes t  permi ts  the d i s semina t ion  of  new knowl -  

edge,  which  can then be e m p l o y e d  in p roduc t ive  

p r o c e s s e s  ( i n c l u d i n g  o the r  n e w  k n o w l e d g e  cre-  

ation processes)  at low cost. 

Government-Sponsored Research 
The  m o s t  i m p o r t a n t  sou rce  o f  f u n d i n g  fo r  

oceanographic  research at universi t ies  and private 

nonprof i t  research  ins t i tu t ions  is the federal  gov- 

e rnmen t .  M a c D o n a l d  et al. (1991)  e s t ima te  that  

the U.S. government  now spends roughly $1.4 bil- 

l ion  annua l l y  on o c e a n o g r a p h i c  r e s e a r c h  o f  all 

t ypes .  The  U.S.  N a v y  h i s t o r i c a l l y  has b e e n  the 

l a rges t  sou rce  o f  f u n d i n g ;  that  m a y  c h a n g e  as 

Navy priorities change and technological  develop-  

m e n t  b u d g e t s  sh r ink  in the p o s t - C o l d  W a r  era  

(OSB,  1992). G o v e r n m e n t  s p e n d i n g  on o c e a n o -  

g r a p h i c  R & D  is a p o o r  and o f t en  m i s l e a d i n g  

proxy for the value of  oceanographic  research (al- 

though it is often cited as such). Government  deci- 

s i o n m a k e r s  w o u l d  p r e f e r  to k n o w  all o f  the  

benefi ts  and costs  associa ted with di f ferent  levels  

o f  the research  activi ty.  If  these  data were  avail-  

able, then the dec i s ionmake r s  might  examine  the 

effects  o f  incrementa l  changes  in funding or poli- 

cies des igned to encourage research.  

O c e a n o g r a p h i c  r e s e a r c h  c r ea t e s  new k n o w l -  

edge ,  w h i c h  may  or may  not  be marke tab le  in a 

c o m m e r c i a l  sense .  If  new oceanograph i c  knowl -  

edge  is not  c o m m e r c i a l l y  marke t ab l e  but  is still 

pe rce ived  as valuable,  in the sense  of  a scientif ic 

a d v a n c e m e n t  for  example ,  a de te rmina t ion  o f  its 

precise economic  value can be problemat ic?  

In the United States and in other  industr ial ized 

count r ies ,  m i s s i o n -o r i en t ed  g o v e r n m e n t  r e sea rch  

laborator ies  are impor tan t  sources  o f  new knowl -  

edge.  In oceanography ,  miss ion-or ien ted  research 

labora tor ies  inc lude  those  o w n e d  or ope ra ted  by 

We expect that new knowledge that is not immediately 
commercially marketable can ha'm value as a capital good (usu- 
ally in combination with other new knowledge and other inputs) 
in the long tenn. Some attempts have been made to estimate so- 
ciety's rate of return on investment in research of this type. For 
example, Mansfield (1991) has attempted to evaluate worldwide 
investments in academic R&D from 1975 to 1978 that resulted 
in products during 1982 to 1985. His estimate of the social rate 
of return on investments during this period is 28%. 

Goverment 

spending on 

oceanographic R&D 

is a p o o r . . ,  proxy 

for the value of 

oceanographic 

research. 
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N e w  knowtedge is 

valuable only if it can 

be transferred from its 

source to scientists 

and engineers who 

can use it in their 

own research 

e f f o r t s . . .  

the Navy, National Oceanic and Atmospheric Ad- 
ministrat ion (NOAA), U.S. Geological  Survey, 
Coast Guard, and the Envirol~mental Protection 
Agency. Although mission-oriented research labo- 
ratories are sponsored by government, their exis- 
tence and activities are not necessarily the result 
of government efforts to correct for underinvest- 
ment in the creation of new knowledge. Instead, 
the research efforts of mission-oriented laborato- 
ries are directed mostly at meeting the specific ob- 
jectives of government agencies. These objectives 
are likely to be aimed at providing other types of 
public goods such as national security, naviga- 
tional aids, and environmental protection. 

Intellectual Property 
Intellectual property, such as patentsJ is an- 

other way in which government can motivate in- 
vestment in new knowledge creation. Analogous 
to the rule of priority in science, patents (but not 
trade secrets) encourage the disclosure and wide 
dissemination of new knowledge and reward the 
efforts of the inventor. Patents provide an incen- 
tive for early disclosure (ignoring for the moment, 
strategic commercial considerations) in the form 
of a 17-year monopoly on the manufacture, use, or 
sale of an invention. 

To correct for potential underinvestment in re- 
search, private property rights are created in infor- 
mation through intellectual property protection (at 
some cost of creating the rights, monitoring and en- 
forcing them, and, potentially, putting up with the 
monopoly). In effect, intellectual property protection 
changes the nature of information as a commodity 
so that a market in information can perform better. 

If research projects are viewed as identical in 
all relevant aspects, then the establishment of in- 
tellectual property rights may result in an overcor- 
rection of the market failure problem. When a 
"'winner takes all'" with a patent (or even with pri- 
ority in science), then races among competing 
teams in science or technology may stimulate ex- 
cessive investment in the creation of new knowl- 
edge. In effect, there could be an unnecessary du- 
plication of effort because once new knowledge is 
produced, there is no value in producing it again. 
But we must be a little careful here. Even within a 
specific field, not all similar research projects are 
aimed at solving precisely the same problem, nor 
do they take the same approach. As a result, re- 
search projects that appear to be identical on the 
surface can be in fact complementary/' 

A Balancing Act 
In the simplified world we have described, sci- 

ence and technology policy is seen as an attempt 
at achieving a balance: policymakers trade off the 
potential for underinvestment by adopting policies 
that increase the likelihood for overinvestment.  
But because it is impossible to tailor policy to bal- 
ance these two effects for e v e r y  research activity, 
science and technology pol icymaking  can be 
viewed as only a very blunt instrument for achiev- 
ing social goals. For example, it is unlikely that a 
17-year patent period is socially optimal for every 
invention,  but policymakers believe on average 
that this characteristic of the patent system pro- 
vides a nudge in the right direct ion for new 
knowledge investments. 

Technology Transfer 
Information or new knowledge can be dissemi- 

nated in different forms, including spoken words, 
publications, computer software, and embodiment 
in instruments and machines. (Technology "licens- 
ing" is one kind of technology transfer in which 
new knowledge is traded for other considera-  
t ions -usua l ly  financial.) 

New knowledge is valuable only if it can be 
transferred from its source to scientists and engi- 
neers who can use it in their own research efforts, 
to commercial firms that employ it as an input in 
productive processes, to government agencies that 
apply it toward achieving their own objectives, or 
to individuals who appreciate it p e r  se .  From soci- 
e ty ' s  perspective, information should be trans- 
ferred in a form and manner  that results in the 
greatest net benefits2 The question at the heart of 
the technology transfer issue then is: What is the 
most efficient way in which to transfer new 
knowledge from its source to end users? 

We can make some generalizations about dis- 
semination from different types of research labo- 
ratories. A significant portion of the dissemina- 
tion of new knowledge at scientific research 
laboratories and universities occurs through the 
publ ica t ion of peer-reviewed journa l  articles,  
books, technical reports, working papers, etc. For 
many research laboratories  in the field of 
oceanography,  this is the predominant  form of 
technology transfer.  (This method may be the 
only sensible transfer mechanism for basic re- 
search results.) For mission-oriented, federal re- 
search laboratories (e.g., in the defense or energy 
fields) a significant portion of new knowledge is 

Other forms of intellectual property include copyrights, 
trademarks, tangible research property, trade secretb, mask 
works, among others. See Smith and Parr (1989) for a usefnl 
summary. In this article, we focus on patents as an example. 

" Allen (19911 cautions against unsubstantiated assump- 
tions about overinvestinent (or underinvestment) in new 
knowledge creation. Research projects are more realistically 
viewed as differentiated imperfect substitutes for one an- 
other--and quite possibly as complementary. 

Note that this perspective may not be completely conso- 
nant with the point of view of a research laboratory (see box). 
Absent any restrictions imposed on it by government, a re- 
search laboratory might well choose a form of transfer that is 
not socially optimal in an economic sense. An extreme exam- 
ple from another field is the case of the Dead Sea Scrolls, in 
which researchers restricted public access to archaeological in- 
formation for an extended period of time. 
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conveyed to the sponsor, usually a government  
agency,  which may in turn t ransmit  the new 
knowledge to a limited set of commercial firms or 
perhaps more widely. Likewise, research labora- 
tories operated by private firms attempt to keep 
new knowledge in-house or seek to sell it in intel- 
lectual property markets. 

Although we have distinguished between the 
two, technology transfer cannot be analyzed inde- 
pendently from new knowledge creation, because 
technology transfer policies can also influence the 
effort devoted to the creation of new knowledge. 
Changes in public policies that encourage licensing 
relative to open scientific dissemination may have a 
measurable effect on the priorities for new knowl- 
edge creation. We might expect two kinds of ef- 
fects: 1) a decrease in the ratio of basic to applied 
(commercially oriented) research efforts and 2) an 
enhanced potential for conflicts of interest faced by 
scientists (Hoagland and Kite-Powell, 1989). We 
expect both effects to involve costs, but, to our 
knowledge, empirical data that describe the sign or 
size of these effects are not yet available. 

As a result of this linkage, the problem for soci- 
ety is to select incentives for new knowledge cre- 
ation in combination with a set of mechanisms for 
efficient technology transfer. The Bayh-Dole Act 
(Table 2) is one example of a change in this combi- 
nation of incentives• As a result of this act, we ex- 
pect that some of the efforts of some scientists now 
are devoted more toward patenting and less toward 
publishing. If the patents are licensed, then clearly 
the Bayh-Dole Act can be beneficial for the univer- 

sities and nonproft research laboratories whose sci- 
entists conduct research under government sponsor- 
ship. But is the act (or, more generally, the set of 
national policies that emphasize technology trans- 
fer) beneficial to society as a whole? 

Scientific Relevance 
One might reasonably inquire as to the need for 

additional incentives (e.g., title to patent rights) 
for inst i tut ions or for scientists to create new 
knowledge. Their research is being funded already 
by government agencies, and the rule of priority in 
science helps to motivate their efforts. We believe 
that one explanation for a policy shift such as the 
Bayh-Dole Act is found in the search for scientific 
relevance. 

In the face of government budget constraints 
and foreign economic competition and with only 
indirect evidence of the links between basic sci- 
entific research and U.S. industrial performance, 
Congress has encouraged a shift toward new 
knowledge creation that is commercially valuable 
as a capital good. Industrial interest in the licens- 
ing of results from federally sponsored research is 
seen by Congress as evidence of the relevance of 
science in achieving national goals such as eco- 
nomic competitiveness. Somewhat analogously, as 
the national defense support mission of some fed- 
eral research laboratories becomes less important 
in the post-Cold War era, the ability of these labo- 
ratories to conduct "'dual use" research that is li- 
censable to the private sector will become more 
important as an indicator to Congress of the rele- 

• . . a po l icy  f ocus  

on t e c h n o l o g y  

licensing f rom 

universities and 

g o v e r m e n t - s p o n s o r e d  

l abo ra to r i es  may  be 

misdirected. 

A Research Laboratory's Problem 

In its simplest form, technology licensing is a relationship between a research laboratory and one or 
more commercial firmsJ We describe here a bargaining problem in which the parties are engaged in a 
long-term relationship. Imagine an agreement in which the research laboratory trades its new knowl- 
edge for a fixed fee and a royalty that is a percentage of the sales of a commercial product. The basic 
problem faced by the research laboratory is to structure a relationship (sometimes with the help of the 
firm) so that the commercial firm willingly enters into an agreement and performs according to the 
wishes of the research laboratory. 

The literature on technology licensing focuses on many different types of arrangements (Rein- 
ganum, 1989), but only one of these types concerns us here. An independent research laboratory cre- 
ates new knowledge or information that has the potential for lowering the costs of producing an exist- 
ing product in a commercial market "downstream" or that has the potential for bringing about a new 
product introduction. The product can be either a good (e.g., a new type of expendable oceanographic 
instrument) or a service (e.g., a new geophysical prospecting technique). 

' In the economics literature, this is known as one kind of "principal-agent" problem, in which the research laboratory is 
principal and the firm is agent. One can easily imagine the reverse relationship: a commercial firm "'hires" the R&D services of 
a marine research laboratory. In this case, the commercial firm is principal, the laboratory is agent. The agency problem that we 
describe is nested in a matrix of possible agency relationships: the public is principal, the Congress is agent; the Congress is 
principal, the National Science Foundation (NSF) is agent: NSF is principal, the marine science laboratory is agent; and so on. 
The important feature is that the outcome of a principal-agent relationship is a random variable that depends upon an action 
taken by the agent. The principal designs the contract (sometimes in collaboration with the agent). See generally Arrow (1985). 
In this article, we abstract from the complexity of reality to highlight certain important features of the technology transfer rela- 
tionship. 
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vance of the research conducted at these laborato- 
ries. (As shown by Fig. 1, we have seen licensing 
from the federal laboratories increase in step with 
the implementat ion of technology transfer poli- 
cies, but the volume of licensing and the size of 
the revenues are both still small.) 

But even if they appear  to make science 
more re levant ,  we cannot  say conc lus ive ly  
whether or not the new technology transfer poli- 
cies are opt imal  (or even benef ic ia l )  for the 
United States. Feller (1990) concludes that there 
is l i t t le reason to bel ieve  that the net present  
value of efforts to reallocate and commercialize 
faculty research efforts will be positive, except 
in the cases of a few academic  ins t i tu t ions .  
Technology  l icens ing  may involve  s ignif icant  
adminis t ra t ive  costs to garner  a return with a 

very low probabil i ty .  Moreover,  Feller (1990) 

concludes that scientists may be more efficient 

at providing new knowledge for open dissemi- 
nat ion than as f inancial ly  interested entrepre-  

neurs packaging new knowledge for private or 
institutional gain. In other words, society might 

well prefer that scientists transfer their "tech- 

nologies" through the medium of scientific jour- 

nals  or other open academic  channe l s  ra ther  
than the patent system. 

In fact, it is quite possible that a policy focus 

on technology l icensing from universi t ies and 
government-sponsored research laboratories may 

be misdirected. Nelson (1986) has investigated the 
role that universi ty research plays in industrial  
technical advances: 

• . . publication of 

results continues to 

be the most important 

form of technology 

transfer in 

oceanography. 

We examine here the case where new knowledge has been developed with funding from an uninter- 
ested sponsor, such as a government agency2 Thus finns in the downstream industry have no involvement 
in the development of the new knowledge. From a historical standpoint, we believe that this is a common 
case, because industrial funding for research in the field of oceanography has been minor, well below the 
national average for industrial funding of academic R&D (Hoagland and Kite-Powell, 1989)• 3 However, 
we believe also that in the future it is quite possible that a larger fraction of technology licensing transac- 
tions will involve initial commercial sponsorship. Some observers have paid attention to this more compli- 
cated type of relationship (e.g., Tirole, 1988:411-412), but we do not address it in this article. 

The research laboratory may be constrained from entering the downstream market as a manufacturer for 
legal or economic reasons or because of an internal policy that prohibits it. Many research laboratories 
have established commercial subsidiaries (also known as "'technology transfer organizations") that allow 
them to relax the legal constraint. For example, the Woods Hole Oceanographic Institution has recently es- 
tablished the Quissett Development Corporation for this purpose. Economic reasons might include strate- 
gic actions taken by firms already in the market to preclude other firms from participating, the relationship 
between market demand (small) and minimum efficient scale of production (large) so that there may be 
"'no room" for a new firm in the market, or simply a lack of experience and interest in manufacturing. 

The research laboratory would like to trade property rights to the new knowledge (by license or 
other arrangement) to one or more downstream firms for financial remuneration• The research labora- 
tory's primary objective is to maximize the financial remuneration it receives in the transaction. Re- 
search laboratories engaged in technology licensing might have additional objectives such as "fairness" 
to industry or compliance with norms of the scientific research community that may conflict with the 
revenue maximization objective. In general, we expect that any attempt to achieve more than one ob- 
jective will have the effect of reducing the size of financial remuneration potentially recoverable by the 
research laboratory. 

The best way for the research laboratory to structure a transaction with downstream firms to achieve 
an objective of revenue maximization depends upon a number of important factors. The most prominent 
of these factors include the following: the degree of understanding about the value of the new knowledge 
by the research laboratory and firms in the downstream industry, the organization of the industry in the 
downstream market, the financial terms of the transaction, and the costs of transaction. To achieve the ob- 
jective, it is important that research laboratories engaged in technology licensing give consideration to all 
of these factors/ 

-~ In other words, the government agency has no direct financial interest in the new knowledge. 
• Using the Woods Hole Oceanographic Institution as an example from oceanography, in 1989 industrial support of R&D 

was 1.2% of total support compared to 7.3c~ nationally for academic R&D (NSB, 1991 ). 
Other issues that should be addressed by research laboratories engaged in technology transfer include tile ease with which 

the new knowledge can be replicated by downstream firms (inventions that can be copied without infringing intellectual property 
rights), the number of licenses to issue to downstream firms, whether or not to issue more than one license to individual firms. 
whether or not to allow sublets, formulating an understanding of whether or not the invention is "'drastic" (a new product or a 
"process" invention that reduces the costs of production to a level at which a firm with an exclusive license could set a monop- 
oly price and still undercut the costs of other firms in the market). 
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"My interpretation is that university research 
rarely in itself generates new technology; rather it 
enhances technological opportunities and the pro- 
ductivity of private research and development in a 
way that induces firms to spend more in both the 
industry in question and upstream." 

Consistent with Nelson ' s  suggestion, Berman 
(1990) has found that increased direct funding of 
collaborative university-industry R&D leads to 
subsequent increases in industry R&D expendi- 
tures, after a median lag of 5 years. 

We do not raise these points to suggest that 
policy shifts that emphasize technology licensing 
are comple te ly  unfounded.  It makes sense to 
many in the science and t echno logy  field for 
public policy to encourage flexibility in the way 
in which technology transfer is conducted by re- 
search laboratories. However,  an equally sensi- 
ble focus for policy could well be an increase in 
funding for academic  research or specific en- 
couragements, in tax policy perhaps, that foster 
collaborative research? 

Conclusions 
Technology is not just hardware; it should be 

defined more broadly as information (new 
knowledge) developed as a result of research. As 
such, it has the economic attributes of  a public 

The concept of the "cooperative research and develop- 
ment agreement" (CRADA) between federal laboratories and 
other institutions is evidence of a step in this direction. 

good. Because new knowledge is a public good, 
we expect that industry will fail to make what 
society would consider to be optimal investments 
in its creation. Two corrective policy tools are as 
fol lows:  (1) direct government  sponsorship of  
basic and applied research and (2) the creation of  
intellectual property. The first has always been of  
premier importance to the field of oceanography 
because it consists of  basic research on natural 
phenomena and applied research toward noncom- 
mercial mission-oriented goals, such as environ- 
mental  protection, coastal hazards, or national 
defense. 

The problem of technology transfer is to identify 
efficient means for new knowledge dissemination. 
The licensing of commercially valuable research re- 
sults is one form of technology transfer. As we un- 
derstand technology to be new knowledge created 
through research and development, scientific publi- 
cation is another form of technology transfer--al- 
though it is not widely recognized as such. Technol- 
ogy transfer is linked to the process of knowledge 
creation; for example, policies that encourage tech- 
nology licensing may result in a shift from basic to 
applied research efforts (especially commercially 
oriented ones) and possibly a reduction in scientific 
publication. Therefore technology transfer policy 
must be analyzed as a component of more general 
policies to encourage new knowledge creation. 

The Bayh-Dole Act is the most important recent 
change in technology transfer policy for research in- 
stitutions. The act encourages the licensing of re- 

Technology transfer 

is linked to the 

process of knowledge 

c rea t ion . . .  

How does the research laboratory know the value of its intellectual property? "The value of a patent 
on a cost-reducing innovation [is] the revenue which an innovator could acquire by licensing the inno- 
vation to producing firms" (Arrow, 1962). In theory, this value might be known with certainty by either 
the research laboratory (Gallini and Wright, 1990), the downstream firm(s), or both (Katz and Shapiro, 
1986). In practice, we expect that both the research laboratory and the potential licensee will be uncer- 
tain about the value of the invention. At best, each party might be able to assign a probability distribu- 
tion over a range of possible values. Often the balance of understanding is tilted in the private firm's 
favor, because research laboratories tend to know less about production costs and markets. As a conse- 
quence, the research laboratory may have only a vague idea of the value of its technology, based upon 
interest expressed by potential licensees. 

From the research laboratory's perspective, uncertainty about the value of an invention is not necessar- 
ily costly if several firms express an interest in the new knowledge. These firms then might compete for 
the rights to the knowledge through an auction process. Under some fairly unrestrictive assumptions, the- 
ory predicts (and empirical research has tended to confirm) that, in the absence of collusion among firms 
bidding in an auction, competition among firms in this manner will yield for the research laboratory the 
winning bidder's expected value of the license-minus the costs of holding the auction. 

More common is the case that a technology licensing relationship will arise between a research lab- 
oratory and a single downstream firm. In this situation, the two patties must haggle over value. Hold- 
ing other things constant, a negotiating advantage rests with the party that has a better estimate of the 
value of  the new knowledge.' In our example, this is most likely to be the downstream firm. As a re- 
sult, we expect that a higher proportion of the value of the invention is likely to be captured by the 
downstream firm than would be the case otherwise. However, this kind of asymmetric distribution in 

Of course, the research laboratory might play "hard to get" or might make some other form of commitment (such as walk- 
ing away) that would enhance its negotiating position, at some risk of souring the deal. 
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• . . the publication 

of results continues 

to be the most 

important form of 

technology transfer in 

oceanography. 

suits from federally funded research. The provisions 
of this act and other related legislation indicate to us 
that licensing is seen by Congress as some (admit- 
tedly imperfect) measure of the relevance of  sci- 
entific research to achieving national goals• Sci- 
entific publication is not perceived as such. 

Twelve years after the Bayh-Dole  Act was 
signed into law, we have seen little technology li- 
censing in the field of oceanography relative to that 
in other fields. But scientists and engineers at uni- 
versities and nonprofit marine research laboratories 
are accomplished at disseminating basic research 
results through the scientific literature. Even in the 
face of policies that emphasize licensing, the publi- 
cation of results continues to be the most important 
form of technology transfer in oceanography. Re- 
search results and data are available at low cost to 
a wide range of  end users, including other 
oceanographers,  environmental  managers,  and 
commercial firms. 

We believe that the potential for technology li- 
censing in oceanography is closely related to the 
potential for commercial uses of  ocean resources. 
The commercial potential of the oceans depends in 
part upon a continued deepening of understanding 
about natural oceanic phenomena, which is a task 
for basic oceanographic research. A recent National 
Academy study finds that "much of the knowledge 
that is being used today in applications was devel- 
oped 20 to 30 years ago by scientists simply fol- 
lowing their own interests" (Wunsch, 1993). In the 
long run, it is likely that expanded economic 
benefits (and increased technology licensing) will 
result from the continued funding of basic oceano- 
graphic research, and it may be that this policy is 

superior to one that encourages applied research 
through technology licensing in the short run. 
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