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SUMMARY. Federal involvement in stimulating economic growth
through the development and application of technology policy is
currently the subject of serious debate. A recession and the recogni-
tion that an internationally competitive economy is a prerequisite for
the attainment of national goals have fostered a number of technology
policy initiatives aimed at improving the economic competitiveness
of American industry. This paper suggests that the successful imple-
mentation of U.S. technology policy will require the adoption of a
knowledge diffusion model, the development of user oriented infor-
mation products and services, and a more "activist" approach on
the part of sci/tech librarians in the provision of scientific and techni-
cal information (STI). These changes will have a dramatic impact
on the sci/tech library of the future and the preparation of sci/tech
librarians.

INTRODUCTION

Traditionally, the Federal government has limited itself to activi-

ties either directly or explicitly tied to an existing responsibility of

a specific government agency. Since the early 1960s, however,

government has taken an increasingly active role in stimulating
technological change and innovation in the civilian economy. Federal

attempts at stimulating and nurturing technological innovation repre-

sent a dramatic departure from earlier policy positions which were

based on a strict interpretation of the "general welfare" clause of
the U.S. Constitution.t Economic vulnerability, lagging productivity,

unfavorable trade balances, loss of traditional markets, and unem-

ployment are the primary reasons for government intervention.

Federal Involvement in Applied

Research and Development (R&D)

The Federal government has successfully stimulated aerospace,

agriculture, and biomedical R&D, as well as broader generic applied
R&D in the National Institute of Standards and Technology (NIST).

Scholars cite Federal intervention in aerospace and agriculture as

models for government involvement in civilian R&D and preeom-

mercial research cooperation between industry and government. In

fact, Vannevar Bush's 2 proposed model for the creation of his Na-
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tional Research Foundation was based on the land-grant colleges and

the National Advisory Committee for Aeronautics (NACA). "Both

offered science, applied science, technology, and a system for cou-
pling knowledge with people who would use it in the field. ''3

By and large, Federal programs designed to stimulate civilian
R&D have been unsuccessful. (This is not to say, however, that
these programs did not contribute substantially to stimulating tech-
nological innovation.) Averch 4 suggests that these programs repre-
sent political rather than technical failures. Mowery* believes that
the failure is both political and technical and attributes it to the

application of an inappropriate theoretical economic framework, one
that ignores or does not account for the effective transmission and

utilization of complex research results and technological information.
In particular, these programs overlook the abilities and limitations

of organizations engaged in innovation to exploit extramural re-
search, thus ignoring the relationship between knowledge produc-
tion, transfer, and utilization as equally important components of
the innovation process.

Unlike Japan, which has a managed and centralized approach to
R&D, the U.S. funds R&D using various methods through numer-
ous agencies of the executive branch. Federal R&D activities are

undertaken by thousands of engineers and scientists in academia,
government, and industry, and receive oversight, but not coordina-
tion, from many committees and subcommittees in both the execu-
tive and legislative branches of government: Although considerable
research into technological innovation and policy analysis has been

conducted by various disciplines and from numerous perspectives,
policy implications from the results of this research and investigation
are inconsistent and contradictory, and are simply not used for poli-
cy development. In fact, Tornatzky and Fleischer 7 suggest that the

"United States has no coherent innovation or technology policy.
The United States does, however, have many programs and numer-
ous policies which cut across political jurisdictions and the idiosyn-
cratic missions and mandates of single agencies which are more

or less responsive to a series of shifting political alliances and
imperatives."

There is general consensus that current conceptual and empirical
knowledge regarding both the process of technological innovation
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and U.S. government intervention is lacking. According to Curlee
and Goel, s recognition is growing that technology transfer and diffu-
sion is the "key" to the success of technological innovation. Conse-
quently, understanding the influences that motivate innovation and
channel its direction is necessary if government intervention is to
successfully increase the production of useful innovation. Nelson 9
and Pavitt and Walker) ° in their review and analysis of government
policies and programs toward technological innovation, state that
Federal innovation policy and prescription encourage innovation,
not its adoption; knowledge transfer and utilization [diffusion] are

"very inadequately served by market forces and the incentives of
the market place." They conclude government would better serve
public policy by assuming a more active role in the knowledge
diffusion process and formulating policies and programs that encour-

age and improve communications between users and producers of
knowledge.

Implications. for Successful Federal R&D Intervention

An examination of aerospace and agriculture as successful Feder-
al intervention programs suggests Several points that should be
considered by those involved in formulating Federal technology

policy. Although primarily technical, these points have an obvious
political component. First, any attempt at intervention and stimula-
tion of civilian R&D must take into account the unique characteris-
tics of the various industries, their previous experiences with the
Federal government, and their abilities and limitations to exploit
the results of extramural research. The market system specific to
aerospace and agriculture exerts substantial pressure to innovate
in order to maintain economic competitiveness. Consequently both
industries devote considerable effort to experimenting, screening,
and adapting new technology to their own specific needs. Few,
if any, aerospace companies can afford to invest in long term, high
risk R&D, thus making them ideal clients for a federally funded

R&D program which produces new technology, works on specific-
discipline related problems, and makes the results available to the
companies.

Second, the character of the industry which is the presumed bene-
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ficiary of the R&D program is central to its potential for success.
The structure of the industry must lend itself to taking advantage
of the programs' results, the leaders of the industry must be interest-
ed in and not opposed to the programs, and the government/industry
relationship needs to be based on long standing trust and the percep-
tion of mutual benefit. Both aerospace and agriculture have estab-
lished relationships with the Federal government dating back to 1917
with the creation of the NACA and its first research laboratory and

the Hatch Act of 1887 which created the agricultural experiment
stations. Industry leaders support government involvement and per-
ceive Federal research programs to be mutually beneficial.

Third, careful attention needs to be given to the balance between
user (industry) needs and the institutional/technical capabilities of
the R&D institutions in designing the programs. The conduct of
research in and of itself is not sufficient to assure that it will be used

productively and put to use in commercial applications. Both aero-
space and agriculture use mechanisms such as committees and peer
review to ensure that the federally funded research undertaken is
relevant, desirable, and needed.

Fourth, there must be a system for coupling knowledge with
people who would use it in the field. Both aerospace and agriculture
have established programs for collecting, controlling, and dissemi-

nating the results of federally funded R&D. Within both programs
the U.S. government technical report is used as a primary means

of transferring the results of this research to the user community.
Additionally, both systems have components that include collecting,
translating, evaluating, and disseminating the results of foreign R&D

to U.S. academic, government, and industry users. This point has
particular relevance for the implementation of a knowledge diffusion
model and a more activist role for the sci/tech librarian in knowl-

edge diffusion.

Fifth, successful technology policy includes both "supply-push"

and "demand-pull" elements. In the case of aerospace, the use of
Federal policy to supply and push aerospace knowledge began with

the creation of the NACA by Congress to "supervise and direct the
scientific study of the problems of flight with a view to their practi-
cal solutions and to give advice to the military air services and other

e"
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aviation services of government." In its wind tunnels and laborato-
ries, the NACA worked on problems of aerodynamics and aeronau-
tics common to both military and commercial aviation, guided by
committees composed of representatives from the aviation industry,
the military services, and academia.

The demand-pull was accomplished through the passage of various
legislation including the Kelly Air Mail Act of 1925, the McNary-
Watres Act of 1930, and the creation of the Civil Aeronautics Board
in 1938. This legislation had the combined effect of furthering the
demand for state-of-the-art aircraft and fostering the rapid diffusion
and adoption of innovations that drew upon federally funded re-
search results.

DIFFUSING THE RESULTS
OF FEDERALLY FUNDED R&D

There is general agreement among policymakers that STI derived
from federally funded R&D can be used to enhance technological
innovation and economic competitiveness. Studies show a positive

relationship between federally funded STI and successful innovation,
technical performance, and increased productivity. What is unknown,
however, is how STI is linked to the various components of the
R&D process. Obtaining this knowledge is critical for formulating
U.S. government technology policy. Such policy would, of course,
recognize the inherent relationship between technological innovation

and STI resulting from federally funded R&D.
Three models or approaches have dominated the "transfer" of

federally funded R&D. _t,_2While variations of the models or ap-
proaches have been tried, Federal R&D transfer and diffusion activi-
ties continue to be driven by a "supply-side" model.

The Appropriability Model

The appropriability model emphasizes the production of knowl-

edge by the Federal government that would not otherwise be pro-
dueed by the private sector and competitive market pressures to
promote the use of that knowledge. This model emphasizes the
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production of basic research as the driving force behind technologi-
cal development and economic growth and assumes that the Federal

provision of R&D will be rapidly assimilated by the private sector.
Deliberate transfer mechanisms and intervention by information

intermediaries are viewed as unnecessary. Appropriability empha-
sizes the supply (production) of knowledge in sufficient quantity to
attract potential users. Good technologies, according to this model,
sell themselves and offer clear policy recommendations regarding
Federal priorities for improving technological development and
economic growth. This model incorrectly assumes that the results
of federally funded R&D will be acquired and used by the private
sector, ignores the fact that most basic research is irrelevant to
technological innovation, and dismisses the process of technological
innovation within the firm.

The Dissemination Model

The dissemination model emphasizes the need to transfer infor-
mation to potential users and embraces the belief that the production
of quality knowledge is not sufficient to ensure its fullest use. Link-
age mechanisms, such as information intermediaries, are needed to
identify useful knowledge and to transfer it to potential users. This
model assumes that if these mechanisms are available to link poten-
tial users with knowledge producers, then better opportunities exist
for users to determine what knowledge is available, acquire it, and

apply it to their needs. This model, which is used in aerospace,
grew from recommendations of several "blue ribbon" committees
such as those documented in the Weinberg Report (1963) and led
to the creation of the Federal "clearinghouses" including the Na-
tional Technical Information Service (NTIS). The strength of this
model rests with the recognition that STI transfer and use are critical
elements of the process of technological innovation. Its weakness
lies with the fact that it is passive, for it does not take users into
consideration except when they enter the system and request assis-
tance; however, user requirements are seldom known or considered
in the design of information products and services. This model

employs one-way, source-to-user transfer procedures that are seldom
responsive in the user context.
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The Knowledge Diffusion Model

The knowledge diffusion model is grounded in theory and practice
associated with the diffusion of innovation and planned change re-
search and the clinical models of social research and mental health.

In terms of Federal support for applied R&D, the Agricultural Ex-
tension Service, with its network of extension agents who work

directly with farmers, closely approximates this model. Knowledge
diffusion emphasizes "active" intervention as opposed to dissemina-
tion and access; stresses intervention and reliance on interpersonal
communications as a means of identifying and removing interperson-

al barriers between users and producers; and assumes that knowl-
edge production, transfer, and use are equally important components
of the R&D process. This approach also emphasizes the link be-
tween producers, transfer agents, and users and seeks to develop
user-oriented mechanisms (e.g., products and services) specifically
tailored to the needs and circumstances of the user. It makes the

assumption that the results of federally funded R&D will be under
utilized unless they are relevant to users and ongoing relationships
are developed among users and producers. The problem with the
knowledge diffusion model is that (1) it requires a large Federal role
and presence and (2) it runs contrary to the dominant assumptions
of the established Federal R&D policy system.

U.S. GOVERNMENT TECHNOLOGY POLICY
AND KNOWLEDGE DIFFUSION

It is accepted a priori that STI resulting from federally funded

research in science and technology can nurture and stimulate tech-
nological innovation. Therefore, it must be included as a component
of U.S. government technology policy. Federal polieymakers have
expressed concern that STI may be underutilized and have suggested
that the linkages between technology and STI be closely examined
as part of the policy formulation process. In fact, a body of knowl-
edge exists to support the claim that the existing model and mecha-
nism used to transfer STI may contribute to its under utilization. 13
Finally, there are those who believe that the existing structure and
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organization of STI as manifested in present day libraries and techni-
cal information centers may actually impede its transfer. _4

STI and Technology Policy

By and large, the relationship between STI and the process of
technological innovation is not well understood by policy and law-
makers. The U.S. has no overall strategy regarding the use of STI
to stimulate technological innovation and currently lacks a focal
point for developing one. '3 At the Federal level, the transfer and
utilization of STI goes uncoordinated; there is no centrality concern-
ing issue identification and resolution. Although the Office of Sci-
ence and Technology Policy (OSTP) has a mandate to "promote the
transfer and utilization of STI for civilian needs, to consider the

potential role of information technology in the information transfer
process, and to coordinate Federal STI policies and practices," in
general, OSTP has not fulfilled this legislative directive. _

At present, the U.S. lacks a coherent or systematically designed
approach to transferring the results of federally funded R&D to the
user. t3 The very low level of support for knowledge transfer in
comparison to knowledge production suggests that transfer efforts
are not regarded as an important component of the R&D process. _4
Roberts and Frohman t5 claim that most Federal approaches to
"'transfer" are simply ineffective in stimulating technological inno-
vation because they "start to encourage the utilization of STI only
after the R&D results have been generated" rather than during the
idea development phase of the innovation process.

Scholars such as Branscomb t_ argue that the current "supply-

side" approach to knowledge production and the "trickle down"
benefits associated with the funding of basic research and mission-
oriented R&D are inadequate for developing a U.S. technology
policy. They will simply not restore the U.S. to a more competitive
footing with other industrialized countries such as Germany and
Japan. These industrialized nations are adopting "diffusion-orient-
ed" or "capability-enhancing" policies which increase the power
to absorb and employ new technologies productively. U.S. technol-
ogy policy efforts, on the other hand, continue to encourage inno-
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vation, not its adaption; remain product, not process oriented; and

rely on a "dissemination-oriented" approach to the transfer of STI.

A strong technology policy would commit the U.S. to building

a technology infrastructure that includes an STI transfer component
based on a knowledge diffusion model. This model should have an

"activist" component that emphasizes both domestic and imported

STI, and it should be responsive in a "user" context. In short, this

policy would be committed to "Total Quality Information Manage-
ment." In addition to performing data and information evaluation,

it would be coordinated across Federal agencies by the OSTP using
a mechanism similar to the now defunct Committee on Scientific

and Technical Information (COSATI). _

la'mitations of the Existing Federal

STI Transfer Mechanism

The existing Federal STI transfer mechanism is composed of two

parts-the informal that relies on collegial contacts and the formal

that relies on surrogates, information products, and information

intermediaries to complete the "producer to user" transfer process.

The producers are the Federal R&D "mission" agencies and their
contractors and grantees. Producers depend upon surrogates and

information intermediaries to operate the formal transfer component.

Surrogates serve as technical report repositories or clearinghouses

for the producers and include the Defense Technical Information

Center (DTIC), the NASA Center for Aero Space Information

(CASI), and the National Technical Information Service (NTIS).

Information intermediaries are, in large part, librarians and technical

information specialists in academia, government, and industry. Those

representing the producers serve as what McGowan and Loveless _

call "knowledge brokers" or "linking agents." Information inter-
mediaries connected with users act, according to Allen,_S as "tech-

nological entrepreneurs" or "gatekeepers." The more "active" the

intermediary, the more effective the transfer process. _9 Active inter-

mediaries take information from one place and move it to another,
often face-to-face. Passive information intermediaries, on the other

hand, "simply array information for the taking, relying on the initia-



PineUi et aL 43

tive of the user to r_uest or search out the information that may
be needed. ''2°

The major problem with the total Federal STI system is "that the
present system for transferring the results of federally funded STI
is passive, fragmented, and unfocused." Effective knowledge trans-
fer is hindered by the fact the Federal government "has no coherent
or systemmatically designed approach to transferring the results of
federally funded R&D to the user." t3 Approaches to STI transfer
vary considerably from agency to agency and, with any given agen-
cy, have changed significantly over time. These variations reflect
differences between agencies (i.e., legislative mandates), the inter-
pretation of their missions, and budgetary opportunities and con-
straints. In their study of issues and options in Federal STI, Bikson
and her colleagues t4 found that many interviewees considered dis-
semination activities "afterthoughts, undertaken without serious com-
mitment by Federal agencies whose primary concerns were with
[knowledge] production and not with knowledge transfer"; there-
fore, "much of what has been learned about knowledge transfer has
not been incorporated into federally supported STI transfer activi-
ties."

The specific problem with the informal part of the system is that

knowledge users can learn from collegial contacts only what those
contacts happen tO know. Ample evidence supports the claim that
no one researcher can know about or keep up with all the research

in his/her area(s) of interest. Two problems exist with the formal
part of the system. First, it employs one-way, source-to-user trans-
mission. The problem with this kind of transmission is that one-way,
"supply-side" transfer procedures do not seem to be responsive to
the user context. _4Rather, these efforts appear to start with an infor-
mation system into which the users' requirements are retrofit' :t The

consensus of the findings from the empirical research is that interac-
tive, two-way communications are required for effective information
transfer. _4

Second, the formal part relies heavily on information intermedi-
aries to complete the knowledge transfer process, but a strong meth-
odological base for measuring or assessing the effectiveness of the
information intermediary is lacking." The impact of information

intermediaries is likely to be strongly conditional and limited to a
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specific institutional context. To date, empirical findings on the
effectiveness of information intermediaries and the role(s) they play

in knowledge transfer are sparse and inconclusive. 23
The formal part of the transfer mechanism is particularly ineffec-

tive because STI is not organized and structured according to prob-

lem relevance. More to the point, putting STI to use frequently
requires transferring it in a use context that is quite different from
the context in which it was produced or originally packaged. This
problem is complicated by the fact that STI is organized along tradi-
tional disciplinary lines as are subject matter indexes, abstracts, and

key words. This organizational scheme makes multidiseiplinary
retrieval extremely difficult for users and (typically non-technical)
information intermediaries alike. The formal part of the transfer
mechanism becomes even less effective when the user's environment

is not well aligned with the standard disciplinary taxonomies, t4

The Existing Structure, Organization,
and Management of STl

The existing structure, organization, and management of STI may
restrict or inhibit the process of technological innovation. Conse-
quently, changes must be made as part of any effort, national or
otherwise, to nurture technological innovation and to stimulate eco-

nomic growth through the development of technology policy.
Passivity of libraries. Traditionally, libraries and technical infor-

mation centers that house STI are passive structures that require the

user to initiate a request for information. They employ one-way,
source-to-user transfer procedures that are seldom responsive to the
user context. The consensus of findings from empirical research is
that interactive, two-way communications are required for effective
STI transfer. _4 Complaints from STI users indicate that these find-
ings have not been incorporated into the design of STI products and
services and the operations of most libraries and technical informa-
tion centers that house STI.

Passivity may be attributable to two historical causes. First, for
the most part, libraries and technical information centers that house
STI are funded as cost centers: their cost is charged to the overhead

of the organization. Constant attempts by organizations to reduce
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overhead result in passively structured and staffed operations. Such

a low level of support for knowledge transfer prohibits interactive,
two-way communications. In the new structure, organization, and
management, STI must become more of a strategic resource and less
of an overhead burden. Second, the paradigm governing library and
information science education is based on a dissemination model

which stipulates that libraries provide documents instead of supply-
ing information; thus, library and information science graduates
remain tied to information artifacts and do not learn to take active

roles in the STI transfer process. Simply stated, libraries and techni-
cal information centers that house STI manage information resources
(those things which carry information) rather than manage informa-
tion. 2'

In the new structure, organization, and management of STI, pas-
sivity must become activism. The need for more frequent and more
effective use of STI characterizes the strategic version of today's
competitive marketplace. There are several reasons for this. Infor-
mation technology is making the same STI available at the same time
to all competitors. The marketplace is increasingly characterized by
a growing number of stakeholders that are constantly changing. This
implies that a broader array of STI will be needed for decision
making and that simply providing retrieval and access without pro-
viding interpretation and analysis is meaningless. The need to pro-
vide STI interpretation and analysis is critical because there is less
time available for making decisions and the half-life of information
is getting shorter." Finally, increasing U.S. collaboration with for-
eign producers will result in a more international manufacturing
environment. These alliances will result in a more rapid diffusion
of technology, increasing pressure on U.S. companies to push for-
ward with new technological developments and to take steps de-
signed to maximize the inclusion of recent technological develop-
ments into the (R&D) process.

Lack of user responsiveness. STI is just not organized, structured,
and delivered in ways that take into account the characteristics of
individuals involved in the process of technological innovation, the
majority of whom are engineers. Technological innovation implies
a knowledge-producing activity embedded within a larger problem-
solving activityY Throughout the innovation process, ideas and
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knowledge are pursued and transferred. The fact that these ideas and
knowledge may be "physically or hardware encoded" does not alter
the fact that the process of innovation is fundamentally an informa-
tion processing activity? 8 To facilitate information processing, STI
transfer mechanisms should be user-responsive, giving users greater
control over and involvement in the knowledge diffusion process. _4

STI is currently structured and organized around a (basic) science
rather than an (applied) technology model that consequently better
serves scientists, not engineers. Fundamental differences between
science (scientists) and technology (engineers) have significant impli-
cations for planning information services for these two groups.
Typically, the goal of the scientist is to build theory and advance
knowledge by making original contributions to the literature. The
goal of the engineer is to produce or (re)desig n a product, process,
or system. Engineers, unlike scientists, work within time constraints;
they are seldom interested in theory, source data, and guides to the
literature so much as they are in reliable answers to specific ques-
tions .:7

Engineers tend to read less than scientists, consult literature and
libraries less frequently, and seldom use the information products
and services which are directly oriented to them. What engineers
usually want is a specific answer, in terms and format that are intel-
ligible to them, not a collection of documents that they must sift,
evaluate, and translate before they can apply them. Their search for
information seems to be based more on the need for a specific prob-
lem solution than around a search for general opportunity) 7

Limitations of STl retrieval systems. Contemporary STI retrieval
systems may exacerbate the problems of the existing structure, orga-
nization, and management of knowledge and its lack of user respon-
siveness. In fact, STI retrieval systems may now be contributing to
the very problems they were designed to solve. Few would argue
with Lancaster _ that "while technological advances have undoubted-
ly increased physical* access to sources of information, it is very
doubtful that intellectual access has increased significantly, if at all."
Although advances in computer hardware may provide greater ac-
cess to available STI, they do not provide an effective means of
filtering the STI in terms of quality or problem relevance.

The rapid growth in the volume of STI that must be stored and
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retrieved is not the 0nly problem confronting users of STI retrieval
systems, however. There is a growing awareness that contemporary
STI retrieval systems "... are primitive and prevent the full utili-
zation of the information ... "_ The traditional STI retrieval sys-
tem " . . . does not inform (i.e., change the knowledge of) users
on the subject of their inquiry. It merely informs them on the exis-
tence (or nonexistence) and whereabouts of information packages
relating to their request." 30 In other words, current STI retrieval

systems are misnamed. They do not retrieve STI; rather they re-
trieve citations. The bibliographic citations, of course, do not reflect
the rich network of inter-relationships that exist in any scientific
discipline. In fact, the resulting citations are so devoid of structure
that they are usually arranged chronologically by year or by authors'
last names.

Researchers involved in technological innovation see their work
in terms of STI that is problem-oriented and organized according
to products, procedures, and processes. To meet their STI needs,
they want a source that exhibits an understanding of the major topics
and paradigms in their field. What they do not need is a bibliogra-
phy produced by a librarian who typically has little, if any, educa-
tion or experience in the subject being searched.

Librarians and information scientists usually discount the preced-
ing criticisms by noting that most users cannot accurately or ade-
quately define their information needs. Moreover, they assert that
these individuals are information "illiterate." The fact is, however,
that users of STI do not approach information searching in the same
way that librarians do. Whereas a librarian might begin a search by
consulting the appropriate index or guide to the literature, card
catalog, or electronic database, STI users consult colleagues and
personal collections of information.

The Promise of lnteUigent Databases

The pressing need is to develop a new paradigm for structuring,
organizing, and managing STI that will allow researchers to retrieve
ideas-not bibliographic citations. Conceptually, the next step is to
develop databases that will store not only facts about individual
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documents but also the linkages that exist among the documents.

These "intelligent" databases would provide an abstract model of

the subject specialty that would closely resemble the researcher's

working model. In a very real sense such a database could be cor-

rectly termed an intelligent database. Such databases would equip
sci/tech libraries with a retrieval tool that would equal the power

of Vannevar Bush's famed Memex, the individualized, private file

organizer and personal library that would act as "an enlarged inti-

mate supplement" to the researcher's memory. 3, Most importantly,
Memex would, like the human mind, be able to retrieve information

by associating ideas and not by matching index terIns. 3_

Intelligent databases are quite real. They are the outgrowth of the

confluence of two key technologies. The first is the traditional online

retrieval system with its processing and mass storage capabilities.

The second is a subset of artificial intelligence: expert systems.

Expert systems are now sufficiently developed to allow the construc-

tion of online retrieval systems that can represent documents in

terms of concepts rather than keywords; in short, the technological
tools needed to build databases that can truly represent the intellectu-

al framework of a discipline are now available. 29

The design of the complex knowledge representation schemes

needed to construct intelligent databases will be a difficult and costly

task. However, the availability of "shells," a software package that

facilitates the building of knowledge-based systems (also called ex-

pert systems), by providing a built-in knowledge representation

schema and inference engine, means that the builders of intelligent

databases no longer need the advanced programming skills required

for developing artificial intelligence applications. 35 In effect, the

shells put the expertise needed to construct a knowledge-based sys-

tem into a software package, thus reducing "... the levels of skill

required by developers. ,,33 Advances in shells have so dramatically

reduced the cost and risks of developing an intelligent database that

Klein and Methlie state that the technology is now both practical and

available. 34 The advent of intelligent databases will dramatically

change "... how we do research, how we look for ideas, how we
make decisions, and how knowledge is transmitted." 29For Feigen-

baum, McCorduck, and Nii, the benefits of intelligent knowledge

databases are so compelling that there is no question that such sys-
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terns will be built in next decade; " . . . the only open question is
when."3s

The Need for a New Paradigm

For practicing sci/tech librarians there is another "open question"
that is important to answer: who will build and manage the new

intelligent information retrieval systems? Hopefully, the information
science component of the sci/tech library profession will play a
central role in their design, construction, and management. Howev-
er, there are several important and fundamental impediments that
the profession must overcome before they can be important players
in the development of intelligent databases. Information scientists
must rethink many of their current practices and change many of
their procedures. But, what is most urgently needed in the profes-
sion, as Dougherty notes, is "a dramatic break with the past" cou-
pled with "... new initiatives that will enable [sei/tech] librarians
to make fuller use of information technologies and the talents of
library professionals. ''_

The need for breaking with the past is not mere rhetoric. This
break with the past requires a new paradigm for structuring, orga-
nizing, and managing STI that allows for the retrieval of ideas;
emphasizes sci/tech librarians interpreting and analyzing information
rather than accessing and retrieving documents; and enables informa-
tion scientists to play an active and central role in the design, con-
struction, and management of intelligent STI knowledge-based data-

bases using expert systems. Breaking with the past is never easy,
however. The new paradigm may necessitate a complete restructur-

ing of library and information science education, "support of basic
information science, including research leadership in the field, and
constant self-renewal through some drastic form of continuing educa-

tion, e.g., joint commitment by school and student to lifelong cyclic
return to the school, following the first degree. ''37 To do less, ac-
cording to l-Ieilprin, will "probably lead to [the] absorption of func-

tions and personnel of the [sei/tech] library by other, more competi-
tively adaptive information communities." 37

Sei/tech librarians have been educated and socialized to maintain,

care for, and love the library and its enormous collection of docu-
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ments. Since so much Of the daily operation and activity of today's
sci/tech libraries revolve around inventorying, housing, and main-

taining the collection of documents, these libraries have inevitably
been more concerned about preserving the collection than in access-
ing the collection. As Heaps has stated, the needs of the traditional
library " . . . led to the development of standard procedures for
manual cataloguing, use of card indexes, bibliographies, and the
circulation and ordering of books, journals, and reports. ''_ As a
natural result, " . . . the traditional library was oriented more to
managing the things which carry information than managing infor-
mation as if it were a resource." _

While it is easy to point out obstacles that will prevent informa-
tion scientists from participating in the development of intelligent
STI retrieval systems, it is important to note that they also possess
the type of skills that would qualify them to work as knowledge
engineers. The term "knowledge engineer" was first coined by
Edward Feigenbaum in 1977 to describe the person who would be
responsible for identifying pertinent information, developing aknowl-
edge framework through a combination of representation and infer-
ence, and implementing this framework using software tools. 3s The

skills needed by the knowledge engineer include a solid working
knowledge of systems design and "a fairly high degree of computer
literacy;" in addition, the future knowledge engineer must possess
" . . . a fairly wide range of skills, many of which are behavioral
in nature."39

Clearly, many information scientists already have most of the
skills that would be needed by a knowledge engineer. One fact is
certain: intelligent databases will be developed in the near future,
and they will offer the kind of context sensitive access that will
transform Bush's visionary Memex into a practical research tool.
What is less clear, however, is the role that information scientists
will play in the development of intelligent databases. Hopefully, they
will seize the opportunity and adapt their professional and education-
al institutions so that they can take full advantage of the enormous

opportunities offered by intelligent database technology.
Unfortunately, library and information science education reflects

the same uneasy mixture of traditional values overlaid with a soup-
_on of information technology that characterizes so much of the
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professional life of information scientists. A large part of the cur-
riculum is designed to turn out students qualified to operate docu-
ment warehouses, while a set of specialized courses that are usually
introductory in nature, attempt to turn out information professionals
equipped with the skills needed to take advantage of the new infor-
mation technologies. In a very real sense, library and information
science education is struggling, perhaps unsuccessfully, with an
attempt to amalgamate two incompatible and competing paradigms: °

CONCLUDING REMARKS

In a Wall Street Journal editorial, 4t Peter Drucker stated that to
be competitive and successful in the global marketplace requires a
strategy that includes a commitment to change, leadership in the

management of technology, and the wise use of knowledge. He
further states that the Japanese are "willing to pay large sums to

gain access to the knowledge their foreign partners will produce and
control over it-or at least priority in using it. ''4t In doing so, the
Japanese have adopted a "diffusion-oriented" approach to technolo-
gy policy. Every major Japanese industrial group has its own re-
search institute, whose main function is to bring to the group aware-
ness of any important new knowledge in technology developed
world-wide.

U.S. technology policy must be based on the belief that the pro-
duction, transfer, and use of STI is inextricably linked to successful

technological innovation; that the process of technological innovation
is best served by a "knowledge diffusion" based model; and that
an STI transfer infrastructure, funded and coordinated as a partner-
ship between American industry and the Federal government, is
required for the nation to become competitive in the global market-
place in the 1990s and beyond.

For years land, labor, and capital were perceived to be the forces
propelling the economic growth of industrialized nations. With the

advent of a global economy, information has been added to the
traditional sources of wealth.'5 In international industries, the sue-
cessful firms will be those that produce, transfer, and utilize STI
for marketplace and strategic advantages. "Comparative advantages
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of organizations are to be found more in knowing the how and when
to use information rather than in simply having it. ''25 Given that the
how of information use is "inadequately developed and poorly ap-
plied in nearly all private and public organizations," _2 American
industry must reexamine its approach to the management and utiliza-
tion of STI as part of a strategic version directed toward sueee, ssful

participation in the global economy.
A commitment by the sci/tech library community to change and

to a new paradigm is required. While the exact shape of the new
sci/tech library paradigm cannot be seen in minute detail, its major
features are clear. The paradigm will embrace many of the same
principles of success that have been identified in successful firms
in the private sector. First, the paradigm must recognize that the

sei/tech library's clients are striving to meet the demands of a rapid-
ly changing competitive scene. Second, to meet their clients' needs,
sci/tech library services will take on many of the characteristics
common to the most successful private sector firms, such as, a
proactive stance that emphasizes value-added services that are tai-
lored to meet the individual needs of each user or groups of users,
innovative services that are the result of intensive listening to the

customer, exceptional services and responsiveness to customers, and
a love and appreciation for change ... "at least as much love for

change as we hated it in the past." 43
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